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IN THE UNITED STATES DISTRICT COURT  
FOR THE DISTRICT OF DELAWARE 

JAZZ PHARMACEUTICALS, INC., 

Plaintiff, 

v. 

AVADEL CNS PHARMACEUTICALS, 
LLC, 

Defendant. 

C.A. No. 1:21-cv-00691-GBW  

 
AMENDED COMPLAINT FOR PATENT INFRINGEMENT  

Plaintiff Jazz Pharmaceuticals, Inc. (“Jazz Pharmaceuticals” or “Plaintiff”), by its 

undersigned attorneys, for its Complaint against Defendant Avadel CNS Pharmaceuticals, LLC ( 

“Avadel” or “Defendant”), alleges as follows: 

Nature of the Action  

1. This is an action for patent infringement under the patent laws of the United States, 

35 U.S.C. §100, et seq., arising from Avadel’s filing of a New Drug Application (“NDA”) with 

the United States Food and Drug Administration (“FDA”) seeking approval to commercially 

market a sodium oxybate drug product prior to the expiration of United States Patent Nos. 

10,758,488 (the “’488 patent”), 10,813,885 (the “’885 patent”), 10,959,956 (the “’956 patent”), 

and 10,966,931 (the “’931 patent”) owned by Jazz Pharmaceuticals (collectively, “the patents-in-

suit”), and the FDA’s subsequent approval thereof. 

The Parties  

2. Plaintiff Jazz Pharmaceuticals, Inc. is a corporation organized and existing under 

the laws of the State of Delaware, having a principal place of business at 3170 Porter Drive, Palo 

Alto, California 94304. 
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3. On information and belief, Defendant Avadel CNS Pharmaceuticals, LLC is a 

limited liability company organized and existing under the laws of the State of Delaware, having 

a principal place of business at 16640 Chesterfield Grove Road, Suite 200, Chesterfield, Missouri 

63005. On information and belief, Defendant is in the business of, inter alia, developing, 

manufacturing, marketing, importing, offering for sale, and selling pharmaceutical products 

throughout the United States, including within this District, either on its own or through its 

affiliates, including Avadel US Holdings, Inc., Avadel Specialty Pharmaceuticals, LLC, Avadel 

Legacy Pharmaceuticals, LLC, and Avadel Management Corporation. 

4. On information and belief, Defendant has made, used, offered to sell, and/or sold 

the product that is the subject of its NDA for a sodium oxybate product throughout the United 

States, and/or imported such a product into the United States and will make, use, offer to sell, 

and/or sell the product that is the subject of its NDA for a sodium oxybate product throughout the 

United States, and/or import such a product into the United States. 

Jurisdiction and Venue  

5. This Court has jurisdiction over the subject matter of this action pursuant to 28 

U.S.C. §§ 1331 and 1338(a). 

6. On information and belief, Defendant is subject to personal jurisdiction in Delaware 

because Defendant has purposely availed itself of the benefits and protections of Delaware’s laws 

such that it should reasonably anticipate being haled into court in Delaware. Defendant is a limited 

liability company organized and existing under the laws of the State of Delaware. On information 

and belief, Defendant manufactures, markets, imports, offers for sale, and/or sells drug products 

throughout the United States and within the State of Delaware and, therefore, transacts business 

within the State of Delaware related to Plaintiff’s claims, and/or has engaged in systematic and 

continuous business contacts within the State of Delaware. On information and belief, Defendant 
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is registered to do business in Delaware (business identification number 7734658) and has 

appointed Corporate Creations Network Inc., located at 3411 Silverside Road Tatnall, Building, 

Suite 104, Wilmington, Delaware 19810, as its registered agent for the receipt of service of 

process. 

7. On information and belief, by virtue of, inter alia, Defendant’s continuous and 

systematic contacts with Delaware, including, but not limited to, the above-described contacts, and 

the actions on behalf of Defendant in connection with its NDA seeking FDA approval to 

commercially market a sodium oxybate drug product, this Court has personal jurisdiction over 

Defendant. These activities satisfy due process and confer personal jurisdiction over Defendant 

consistent with Delaware law. 

8. Venue is proper in this District pursuant to 28 U.S.C. §§ 1391 and 1400(b).  

The Patents-In-Suit 

9. “On September 1, 2020, the United States Patent and Trademark Office (“USPTO”) 

duly and lawfully issued the ’488 patent entitled, “Controlled Release Dosage Forms for High 

Dose, Water Soluble and Hygroscopic Drug Substances.” A copy of the ’488 patent is attached 

hereto as Exhibit A. 

10. On October 27, 2020, the USPTO duly and lawfully issued the ’885 patent entitled, 

“Controlled Release Dosage Forms for High Dose, Water Soluble and Hygroscopic Drug 

Substances.” A copy of the ’885 patent is attached hereto as Exhibit B. 

11. On March 30, 2021, the USPTO duly and lawfully issued the ’956 patent entitled, 

“Controlled Release Dosage Forms for High Dose, Water Soluble and Hygroscopic Drug 

Substances.” A copy of the ’956 patent is attached hereto as Exhibit C. 
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12. On April 6, 2021, the USPTO duly and lawfully issued the ’931 patent entitled, 

“Controlled Release Dosage Forms for High Dose, Water Soluble and Hygroscopic Drug 

Substances.” A copy of the ’931 patent is attached hereto as Exhibit D. 

13. The claims of the patents-in-suit cover, inter alia, methods of use and 

administration of sodium oxybate or pharmaceutical compositions containing sodium oxybate. 

Jazz Pharmaceuticals owns the patents-in-suit. 

Background   

14. Jazz Pharmaceuticals holds an approved New Drug Application (“NDA”) under 

Section 505(a) of the Federal Food, Drug, and Cosmetic Act (“FFDCA”), 21 U.S.C. § 355(a), for 

sodium oxybate oral solution (NDA No. 21-196), which it sells under the trade name XYREM®.  

Acts Giving Rise to This Suit 

15. Pursuant to Section 505(b)(2) of the FFDCA, Avadel filed an NDA (“Avadel’s 

NDA”) seeking approval to engage in the commercial manufacture, use, sale, offer for sale, or 

importation of a sodium oxybate product (“Avadel’s Proposed Product”), before the patents-in-

suit expire. 

16. On December 16, 2020, Avadel announced the submission of its NDA to the FDA. 

On information and belief, on February 26, 2021, the FDA notified Avadel of formal acceptance 

of Avadel’s NDA with an assigned Prescription Drug User Fee Act (“PDUFA”) target action date 

of October 15, 2021.1 

 
1   See Avadel’s 2020 Annual Report at p. 7 (available at 

https://www.sec.gov/ix?doc=/Archives/edgar/data/1012477/000101247721000004/avdl-
20201231.htm) 
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17. Avadel has identified its Proposed Product using both the code name FT2182 and 

the commercial name LUMRYZ™.  

18. Avadel has published data comparing the pharmacokinetic properties of Avadel’s 

Proposed Product with twice-nightly sodium oxybate (i.e., XYREM®).3  

19. Avadel owns U.S. Patent No. 10,272,062 (“Avadel’s ’062 patent”) entitled 

“Modified Release Gamma-Hydroxybutyrate Formulations Having Improved Pharmacokinetics,” 

attached hereto as Exhibit F. 

20. On information and belief, Avadel’s published data concerning the 

pharmacokinetic properties of Avadel’s Proposed Product correspond to the Examples of Avadel’s 

’062 patent. 

21. At least Example 1 and Example 1bis of Avadel’s ’062 patent are covered by Jazz 

Pharmaceuticals’ ’488, ’885, ’956, and ’931 patents. 

22. On information and belief, Avadel has made, and continues to make, substantial 

preparation in the United States to manufacture, offer to sell, sell, and/or import Avadel’s Proposed 

Product prior to expiration of the patents-in-suit.  For example, on information and belief, Avadel 

received permission from FDA to import into the United States commercially manufactured 

batches of its Proposed Product. 

23. On information and belief, on May 1, 2023, Avadel  received final approval of its 

NDA from the FDA, and Avadel has indicated to Jazz Pharmaceuticals that it intends to 

commercialize its Proposed Product on or about June 1, 2023. 

 
2   See id. 
3   Seiden, et al., Pharmacokinetics of FT218, a Once-Nightly Sodium Oxybate Formulation 

in Healthy Adults, Clin. Ther. 2021 Feb 22; S0149-2918(21)00044-8; doi: 
10.1016/j.clinthera.2021.01.017, attached hereto as Exhibit E. 
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Count I: Infringement of the ’488 Patent 

24. Plaintiff repeats and realleges the allegations of the preceding paragraphs as if fully 

set forth herein. 

25. Avadel, by the submission of its NDA to the FDA, sought approval to engage in 

the commercial manufacture, use, offer for sale, sale, and/or importation into the United States of 

Avadel’s Proposed Product, prior to the expiration of the ’488 patent. 

26. Avadel’s NDA had been pending before the FDA since at least December 16, 2020, 

the date that Avadel announced the submission of its NDA to the FDA. 

27. On May 1, 2023, Avadel received final approval of its NDA from the FDA, and 

Avadel has indicated to Jazz Pharmaceuticals that it intends to commercialize its Proposed Product 

on or about June 1, 2023. 

28. There is a justiciable controversy between the parties hereto as to the infringement 

of the ’488 patent. 

29. Avadel has made, and will continue to make, substantial preparation in the United 

States to manufacture, offer to sell, sell and/or import Avadel’s Proposed Product prior to the 

expiration of the ’488 patent.  For example, on information and belief, Avadel received permission 

from FDA to import into the United States commercially manufactured batches of its Proposed 

Product and has imported the product. 

30. Avadel has infringed and will infringe one or more claims of the ’488 patent under 

35 U.S.C. § 271(a), including at least claim 1, by making, using, offering to sell, selling, and/or 

importing Avadel’s Proposed Product in the United States. 

31. Avadel has induced infringement and will induce infringement of one or more 

claims of the ’488 patent under 35 U.S.C. § 271(b), including at least claim 1, by making, using, 

offering to sell, selling, and/or importing Avadel’s Proposed Product in the United States. On 
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information and belief, Avadel has encouraged and will encourage acts of direct infringement with 

knowledge of the ’488 patent and knowledge that its acts are encouraging infringement, with 

specific intent to induce infringement of the ’488 patent. 

32. Avadel has contributorily infringed and will contributorily infringe one or more 

claims of the ’488 patent under 35 U.S.C. § 271(c), including at least claim 1, by making, using, 

offering to sell, selling, and/or importing Avadel’s Proposed Product in the United States. On 

information and belief, Avadel has had and continues to have knowledge that Avadel’s Proposed 

Product is especially adapted for a use that infringes one or more claims of the ’488 patent and that 

there is no substantial non-infringing use for Avadel’s Proposed Product. 

33. Plaintiff will be substantially and irreparably damaged and harmed if Avadel’s 

infringement of the ’488 patent is not enjoined. 

34. Plaintiff is entitled to a judgment that the commercial manufacture, use, offer for 

sale, sale, and/or importation of Avadel’s Proposed Product prior to expiration of the ’488 patent 

by Avadel has constituted and will constitute direct infringement, induced infringement, and/or 

contributory infringement of the ’488 patent. 

35. Plaintiff does not have an adequate remedy at law. 

36. This case is an exceptional one, and Plaintiff is entitled to an award of its reasonable 

attorneys’ fees under 35 U.S.C. § 285. 

Count II: Infringement of the ’885 Patent  

37. Plaintiff repeats and realleges the allegations of the preceding paragraphs as if fully 

set forth herein. 

38. Avadel, by the submission of its NDA to the FDA, sought approval to engage in 

the commercial manufacture, use, offer for sale, sale, and/or importation into the United States of 

Avadel’s Proposed Product, prior to the expiration of the ’885 patent. 
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39. Avadel’s NDA had been pending before the FDA since at least December 16, 2020, 

the date that Avadel announced the submission of its NDA to the FDA. 

40. On May 1, 2023, Avadel received final approval of its NDA from the FDA, and 

Avadel has indicated to Jazz Pharmaceuticals that it intends to commercialize its Proposed Product 

on or about June 1, 2023. 

41. There is a justiciable controversy between the parties hereto as to the infringement 

of the ’885 patent. 

42. Avadel has made, and will continue to make, substantial preparation in the United 

States to manufacture, offer to sell, sell and/or import Avadel’s Proposed Product prior to the 

expiration of the ’885 patent.  For example, on information and belief, Avadel received permission 

from FDA to import into the United States commercially manufactured batches of its Proposed 

Product and has imported the product. 

43. Avadel has infringed and will infringe one or more claims of the ’885 patent under 

35 U.S.C. § 271(a), including at least claim 1, by making, using, offering to sell, selling, and/or 

importing Avadel’s Proposed Product in the United States. 

44. Avadel has induced infringement and will induce infringement of one or more 

claims of the ’885 patent under 35 U.S.C. § 271(b), including at least claim 1, by making, using, 

offering to sell, selling, and/or importing Avadel’s Proposed Product in the United States. On 

information and belief, Avadel has encouraged and will encourage acts of direct infringement with 

knowledge of the ’885 patent and knowledge that its acts are encouraging infringement, with 

specific intent to induce infringement of the ’885 patent. 

45. Avadel has contributorily infringed and will contributorily infringe one or more 

claims of the ’885 patent under 35 U.S.C. § 271(c), including at least claim 1, by making, using, 
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offering to sell, selling, and/or importing Avadel’s Proposed Product in the United States. On 

information and belief, Avadel has had and continues to have knowledge that Avadel’s Proposed 

Product is especially adapted for a use that infringes one or more claims of the ’885 patent and that 

there is no substantial non-infringing use for Avadel’s Proposed Product. 

46. Plaintiff will be substantially and irreparably damaged and harmed if Avadel’s 

infringement of the ’885 patent is not enjoined. 

47. Plaintiff is entitled to a judgment that the commercial manufacture, use, offer for 

sale, sale, and/or importation of Avadel’s Proposed Product prior to expiration of the ’885 patent 

by Avadel has constituted and will constitute direct infringement, induced infringement, and/or 

contributory infringement of the ’885 patent. 

48. Plaintiff does not have an adequate remedy at law. 

49. This case is an exceptional one, and Plaintiff is entitled to an award of its reasonable 

attorneys’ fees under 35 U.S.C. § 285. 

Count III: Infringement of the ’956 Patent 

50. Plaintiff repeats and realleges the allegations of the preceding paragraphs as if fully 

set forth herein. 

51. Avadel, by the submission of its NDA to the FDA, sought approval to engage in 

the commercial manufacture, use, offer for sale, sale, and/or importation into the United States of 

Avadel’s Proposed Product, prior to the expiration of the ’956 patent. 

52. Avadel’s NDA had been pending before the FDA since at least December 16, 2020, 

the date that Avadel announced the submission of its NDA to the FDA. 

53. On May 1, 2023, Avadel received final approval of its NDA from the FDA, and 

Avadel has indicated to Jazz Pharmaceuticals that it intends to commercialize its Proposed Product 

on or about June 1, 2023. 
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54. There is a justiciable controversy between the parties hereto as to the infringement 

of the ’956 patent. 

55. Avadel has made, and will continue to make, substantial preparation in the United 

States to manufacture, offer to sell, sell and/or import Avadel’s Proposed Product prior to the 

expiration of the ’956 patent.  For example, on information and belief, Avadel received permission 

from FDA to import into the United States commercially manufactured batches of its Proposed 

Product and has imported the product. 

56. Avadel has infringed and will infringe one or more claims of the ’956 patent under 

35 U.S.C. § 271(a), including at least claim 1, by making, using, offering to sell, selling, and/or 

importing Avadel’s Proposed Product in the United States. 

57. Avadel has induced infringement and will induce infringement of one or more 

claims of the ’956 patent under 35 U.S.C. § 271(b), including at least claim 1, by making, using, 

offering to sell, selling, and/or importing Avadel’s Proposed Product in the United States. On 

information and belief, Avadel has encouraged and will encourage acts of direct infringement with 

knowledge of the ’956 patent and knowledge that its acts are encouraging infringement, with 

specific intent to induce infringement of the ’956 patent. 

58. Avadel has contributorily infringed and will contributorily infringe one or more 

claims of the ’956 patent under 35 U.S.C. § 271(c), including at least claim 1, by making, using, 

offering to sell, selling, and/or importing Avadel’s Proposed Product in the United States. On 

information and belief, Avadel has had and continues to have knowledge that Avadel’s Proposed 

Product is especially adapted for a use that infringes one or more claims of the ’956 patent and that 

there is no substantial non-infringing use for Avadel’s Proposed Product. 
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59. Plaintiff will be substantially and irreparably damaged and harmed if Avadel’s 

infringement of the ’956 patent is not enjoined. 

60. Plaintiff is entitled to a judgment that the commercial manufacture, use, offer for 

sale, sale, and/or importation of Avadel’s Proposed Product prior to expiration of the ’956 patent 

by Avadel has constituted and will constitute direct infringement, induced infringement, and/or 

contributory infringement of the ’956 patent. 

61. Plaintiff does not have an adequate remedy at law. 

62. This case is an exceptional one, and Plaintiff is entitled to an award of its reasonable 

attorneys’ fees under 35 U.S.C. § 285. 

Count IV: Infringement of the ’931 Patent 

63. Plaintiff repeats and realleges the allegations of the preceding paragraphs as if fully 

set forth herein. 

64. Avadel, by the submission of its NDA to the FDA, sought approval to engage in 

the commercial manufacture, use, offer for sale, sale, and/or importation into the United States of 

Avadel’s Proposed Product, prior to the expiration of the ’931 patent. 

65. Avadel’s NDA had been pending before the FDA since at least December 16, 2020, 

the date that Avadel announced the submission of its NDA to the FDA. 

66. On May 1, 2023, Avadel received final approval of its NDA from the FDA, and 

Avadel has indicated to Jazz Pharmaceuticals that it intends to commercialize its Proposed Product 

on or about June 1, 2023. 

67. There is a justiciable controversy between the parties hereto as to the infringement 

of the ’931 patent. 

68. Avadel has made, and will continue to make, substantial preparation in the United 

States to manufacture, offer to sell, sell and/or import Avadel’s Proposed Product prior to the 
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expiration of the ’931 patent.  For example, on information and belief, Avadel received permission 

from FDA to import into the United States commercially manufactured batches of its Proposed 

Product and has imported the product. 

69. Avadel has infringed and will infringe one or more claims of the ’931 patent under 

35 U.S.C. § 271(a), including at least claim 1, by making, using, offering to sell, selling, and/or 

importing Avadel’s Proposed Product in the United States. 

70. Avadel has induced infringement and will induce infringement of one or more 

claims of the ’931 patent under 35 U.S.C. § 271(b), including at least claim 1, by making, using, 

offering to sell, selling, and/or importing Avadel’s Proposed Product in the United States. On 

information and belief, Avadel has encouraged and will encourage acts of direct infringement with 

knowledge of the ’931 patent and knowledge that its acts are encouraging infringement, with 

specific intent to induce infringement of the ’931 patent. 

71. Avadel has contributorily infringed and will contributorily infringe one or more 

claims of the ’931 patent under 35 U.S.C. § 271(c), including at least claim 1, by making, using, 

offering to sell, selling, and/or importing Avadel’s Proposed Product in the United States. On 

information and belief, Avadel has had and continues to have knowledge that Avadel’s Proposed 

Product is especially adapted for a use that infringes one or more claims of the ’931 patent and that 

there is no substantial non-infringing use for Avadel’s Proposed Product. 

72. Plaintiff will be substantially and irreparably damaged and harmed if Avadel’s 

infringement of the ’931 patent is not enjoined. 

73. Plaintiff is entitled to a judgment that the commercial manufacture, use, offer for 

sale, sale, and/or importation of Avadel’s Proposed Product prior to expiration of the ’931 patent 
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by Avadel has constituted and will constitute direct infringement, induced infringement, and/or 

contributory infringement of the ’931 patent. 

74. Plaintiff does not have an adequate remedy at law. 

75. This case is an exceptional one, and Plaintiff is entitled to an award of its reasonable 

attorneys’ fees under 35 U.S.C. § 285. 

PRAYER FOR RELIEF  

WHEREFORE, Plaintiff respectfully requests the following relief: 

(A) A Judgment be entered that Avadel has infringed, and that Avadel’s making, using, 

selling, offering to sell, and/or importing Avadel’s Proposed Product will infringe one or more 

claims of the patents-in-suit; 

(B) A permanent injunction enjoining Avadel and its officers, agents, attorneys and 

employees, and those acting in privity and/or concert with them, from making, using, selling, 

offering to sell, and/or importing Avadel’s Proposed Product until after the expiration of the 

patents-in-suit, or any later expiration of exclusivity to which Plaintiff is or becomes entitled; 

(C) A Judgment that the commercial manufacture, use, sale, or offer for sale, and/or 

importation into the United States of Avadel’s Proposed Product has and will directly infringe, 

induce, and/or contribute to infringement of the patents-in-suit; 

(D) To the extent that Avadel has committed any acts with respect to the compositions 

or methods claimed in the patents-in-suit, other than those acts expressly exempted by 35 U.S.C. 

§ 271(e)(1), that Plaintiff be awarded damages for such acts; 

(E) A Judgment awarding damages to Plaintiff resulting from Avadel’s infringement 

of the patents-in-suit pursuant to 35 U.S.C.§ 284, including no less than a reasonable royalty, 

together with pre-judgment and post-judgment interest and costs as fixed by the Court; 

(F) That the Court award, in lieu of a permanent injunction, an ongoing royalty; 
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(G) That the Court order an accounting of damages; 

(H) Attorneys’ fees in this action as an exceptional case pursuant to 35 U.S.C. § 285; 

(I) Costs and expenses in this action; and 

(J) Such further and other relief as this Court may deem just and proper. 
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CONTROLLED RELEASE DOSAGE FORMS 
FOR HIGH DOSE, WATER SOLUBLE AND 

HYGROSCOPIC DRUG SUBSTANCES 

RELATED APPLICATIONS 

This application is a continuation of U.S. patent applica
tion Ser. No. 13/071,369, filed Mar. 24, 2011, which claims 
the benefit of U.S. Provisional Application No. 61/317,212, 
filed on Mar. 24, 2010, the contents of each of which are 
incorporated herein by reference 

TECHNICAL FIELD 

2 
reporting that they awaken feeling unrefreshed with pain, 
stiffness, physical exhaustion, and lethargy. See, H. D. 
Moldofsky et al., J. Muscoloskel. Pain, 1, 49 (1993). In a 
series of studies, Moldofsky's group has shown that aspects 

5 of the patients' sleep pathology are related to their pain and 
mood symptoms. That is, patients with fibrositis syndrome 
show an alpha (7.5 to 11 Hz) electroencephalographic 
(EEG), non-rapid-eye-movement (NREM) sleep anomaly 
correlated with musculoskeletal pain and altered mood. 

10 Moldofsky has interpreted this alpha EEG NREM sleep 
anomaly to be an indicator of an arousal disorder within 
sleep associated with the subjective experience of non
restorative sleep. See H. D. Moldofsky et al., Psychosom. 
Med., 37, 341 (1975). 

This disclosure relates to controlled release drug compo- 15 Fibromyalgia patients frequently report symptoms similar 
sitions. 

BACKGROUND 

For some drugs, it is difficult to formulate a controlled 
release dosage form that maintains an effective concentra
tion of the drug over a sustained period of time. In particular, 
drugs that are administered at a high dose, drugs having a 
low molecular weight, and drugs with high water solubility 
make formulation of a controlled release dosage form chal
lenging. For example, in the context of a controlled release 
drug formulation produced as a unit dosage form for oral 
administration, drugs that must be administered at a high 
dose constrain the amount of rate controlling excipients that 
can be used in formulating a drug composition that is both 
capable of sustained delivery of therapeutic doses of the 
drug and exhibits a size and shape suited to oral adminis
tration. Low molecular weight and high-solubility drugs 
may also readily permeate films and matrices that might 
otherwise be used to control release, and high solubility 
drugs are not suited to some drug delivery approaches, 
particularly where zero-order release kinetics are desired. 
An example of a drug that is administered at a high dose, has 
a low molecular weight, and high water solubility, is 
gamma-hydroxy butyrate (GHB), particularly the sodium 
salt of GHB. 

Initial interest in the use of GHB as a potential treatment 
for narcolepsy arose from observations made during the use 
of GHB for anesthesia. Unlike traditional hypnotics, GHB 
induces sleep that closely resembles normal, physiologic 
sleep (Mamelak et al., Biol Psych 1977:12:273-288). There
fore, early investigators administered GHB to patients suf
fering from disorders of disturbed sleep, including narco
lepsy (Broughton et al. in Narcolepsy, NY, N.Y.: Spectrum 
Publications, Inc. 1976:659-668), where it was found to 
increase total nocturnal sleep time, decrease nocturnal awak
enings and increase Stage 3-4 (slow wave) sleep. Three 
open-label and two placebo-controlled studies provided a 
body of evidence demonstrating that improvements in noc
turnal sleep were associated with a reduction in cataplexy 
and improvements in excessive daytime sleepiness (Brough
ton et al., Can J. Neural Sci 1979; 6:1-6, and Broughton et 
al., Can J. Neural Sci 1980; 7:23-30). 

An estimated 6 million Americans suffer the often baffling 
symptoms of fibromyalgia or chronic fatigue syndrome. 
Patients with fibromyalgia, also referred to as fibromyalgia 
syndrome, FMS or fibrositis syndrome, report widespread 
musculoskeletal pain, chronic fatigue, and non-restorative 
sleep. These patients show specific regions of localized 
tenderness in the absence of demonstrable anatomic or 
biochemical pathology, and patients suffering from fibro
myalgia typically describe light and/or restless sleep, often 

to those of patients with post-infectious neuromyasthenia, 
also referred to as chronic fatigue syndrome (CFS). CFS is 
a debilitating disorder characterized by profound tiredness 
or fatigue. Patients with CFS may become exhausted with 

20 only light physical exertion. They often must function at a 
level of activity substantially lower than their capacity 
before the onset of illness. In addition to these key defining 
characteristics, patients generally report various nonspecific 
symptoms, including weakness, muscle aches and pains, 

25 excessive sleep, malaise, fever, sore throat, tender lymph 
nodes, impaired memory and/or mental concentration, 
insonmia, and depression. CFS can persist for years. Com
pared with fibromyalgia patients, chronic fatigue patients 
have similarly disordered sleep, localized tenderness, and 

30 complaints of diffuse pain and fatigue. 
Scharf et al. conducted an open-label study to evaluate the 

effects of GHB on the sleep patterns and symptoms of 
non-narcoleptic patients with fibromyalgia (Scharf et al., J 
Rheumatol 1998; 25: 1986-1990). Eleven patients with 

35 previously confirmed diagnosis of fibromyalgia who 
reported at least a 3-month history of widespread musculo
skeletal pain in all body quadrants and tenderness in a least 
5 specific trigger point sites participated in the study. Results 
showed that patients reported significant improvements in 

40 the subjective assessments of their levels of pain and fatigue 
over all 4 weeks of GHB treatment as compared to baseline, 
as well as a significant improvement in their estimates of 
overall wellness before and after GHB treatment. 

WO 2006/053186 to Frucht describes an open label study 
45 of 5 patients with hyperkinetic movement disorders includ

ing ethanol responsive myoclonus and essential tremor. 
Sodium oxybate, a sodium salt of GHB, was reported to 
produce dose-dependent improvements in blinded ratings of 
ethanol responsive myoclonus and tremor and was said to be 

50 tolerated at doses that provided clinical benefit. 
XYREM® sodium oxybate oral solution, the FDA 

approved treatment for cataplexy and excessive daytime 
sleepiness associated with narcolepsy, contains 500 mg 
sodium oxybate/ml water, adjusted to pH=7.5 with malic 

55 acid. In man, the plasma half-life of sodium oxybate given 
orally is about 45 minutes and doses of 2.25 grams to 4.5 
grams induce about 2 to 3 hours of sleep (See, L. Borgen et 
al., J. Clin. Pharmacol., 40, 1053 (2000)). Due to the high 
doses required and very short half-life of sodium oxybate, 

60 optimal clinical effectiveness in narcolepsy typically 
requires dosing of the drug twice during the night, with 
administration typically recommended at 2.5 to 4 hour 
intervals. For each dose, a measured amount of the oral 
solution is removed from the primary container and trans-

65 ferred to a separate container where it is diluted with water 
before administration. The second dose is prepared at bed
time and stored for administration during the night. 
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herein are suited to the controlled release of high dose drugs 
that are highly water soluble. In addition, in certain embodi
ments, the formulations described herein provide controlled 
release of drugs that are highly hygroscopic, even where 

Liang et al. (published U.S. patent application US 2006/ 
0210630 Al) disclose administration of GHB using an 
immediate release component and a delayed release com
ponent. The delayed release component of the formulations 
taught in Liang et al., however, function in a pH dependent 
manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the delivery profile of sodium oxybate 

5 such drugs must be administered at relatively high doses. In 
particular embodiments, the controlled release formulations 
are provided as a unit dosage form, and in one such 
embodiment, the controlled release formulation is provided 
as a coated tablet. 

controlled release formulations as described herein. 10 

FIG. 2 shows the delivery profile of integrated dosage 
forms as described herein having an immediate release 
component and a controlled release component. 

FIG. 3 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 15 

present description can be altered by altering the coating 
weight of a functional coating. 

FIG. 4 provides a graph further illustrating that the 
controlled release profile of dosage forms prepared accord
ing to the present description can be altered by altering the 20 

coating weight of a functional coating. 

The formulations and dosage forms of the present inven
tion can also include an immediate release component. The 
immediate release component can form part of a controlled 
release (CR) unit dosage form or may be a separate imme
diate release composition. Therefore, an immediate release 
(IR) component may be provided, for example, as a dry 
powder formulation, an immediate release tablet, an encap-
sulated formulation, or a liquid solution or suspension. 
However, the IR component may also be formulated as part 
of a single dosage form that integrates both the IR and CR 
components. In such an embodiment, the pharmaceutical 
formulation may be provided in the form of the coated tablet 
or capsule. 

In specific embodiments, controlled release and immedi
ate release formulations can be dosed together to a subject 

FIG. 5 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
present description can be altered by altering the amount of 
pore former included within a functional coating. 

FIG. 6 provides a graph further illustrating that the 
controlled release profile of dosage forms prepared accord
ing to the present description can be altered by altering the 
amount of pore former included within a functional coating. 

25 to provide quick onset of action, followed by maintenance of 
therapeutic levels of the drug substance over a sustained 
period of time. However, because the controlled release 
component and immediate release component described 

FIG. 7 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 30 

present description can be altered by varying the molecular 
weight of a pore former included within a functional coating. 

FIG. 8 provides a graph illustrating that suitable con
trolled release profiles from dosage forms prepared accord
ing to the present description can be achieved even with 35 

functional coatings formed using different grades of the 
same base polymer material. 

herein need not be present in a single dosage form, as it is 
used herein, the phrase "dosed together" refers to substan
tially simultaneous dosing of the controlled release and 
immediate release components, but not necessarily admin
istration in the same dosage form. Dosing the controlled 
release and immediate release components together offers 
increased convenience, allowing patients to quickly achieve 
and maintain therapeutic levels of a drug over a sustained 
period of time, while reducing the frequency with which the 
drug must be dosed. Furthermore, dosing the controlled 
release and immediate release components together may 

FIG. 9A and FIG. 9B provide graphs illustrating the 
effects of alcohol on the delivery profile of sustained-release 
formulations prepared as described herein. 

FIG. 10 provides a graph illustrating the controlled 
release performance achieved by dosage forms as described 
herein having functional coatings prepared from aqueous 
dispersions of ethylcellulose as the base polymer. 

40 avoid the disadvantages of dosing regimens and formula
tions that result in highly pulsatile plasma concentrations. 

FIG. 11 provides a graph illustrating the controlled release 45 

performance achieved by dosage forms as described herein 
incorporating calcium oxybate as the drug. 

FIG. 12 provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 50 

controlled release dosage form as described herein (Treat
ment B). 

FIG. 13 provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 55 

controlled release dosage form as described herein (Treat
ment C). 

FIG. 14. provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 60 

controlled release dosage form as described herein dosed at 
4 g (Treatment D) and 8 g (Treatment E). 

An example of a drug that may be used with the controlled 
release dosage forms described herein is GHB. It should be 
noted that embodiments of controlled release dosage forms 
comprising GHB, and other drugs, are presented herein for 
purposes of example only and not for purposes of limitation. 
The formulations and unit dosage forms provided herein can 
be utilized to achieve controlled release of GHB, as well as 
pharmaceutically acceptable salts, hydrates, tautomers, sol
vates and complexes of GHB. Suitable salts of GHB include 
the calcium, lithium, potassium, sodium and magnesium 
salts. The structure of the sodium salt of GHB, sodium 
oxybate, is given as formula (I): 

Methods of making GHB salts are described, for example, in 
U.S. Pat. No. 4,393,236, which is incorporated herein by 
reference. 

DETAILED DESCRIPTION 

Formulations and dosage forms for the controlled release 
of a drug are described herein. Formulations described 

Formulating GHB into a unit dosage form presents vari
ous challenges, and such challenges are magnified in the 

65 context of formulating a unit dosage form providing con
trolled release of GHB. For instance, GHB is very soluble, 
generally requires a relatively high dose, has a low molecu-
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lar weight, and exhibits a short circulating half-life once 
administered. Therefore, a controlled release unit dosage 
form of GHB should be configured to deliver large doses of 
drug over a prolonged period of time, while being accept
ably sized for oral administration. However, controlled 
release formulations typically require the addition of sig
nificant amounts of excipients or rate controlling materials 
to control the delivery of drug, and the presence and need for 
such materials often limits the drug loading available for a 
given controlled release technology. Additionally, low 
molecular weight drugs, such as GHB, typically exhibit high 
permeability through films and matrices. Even further, high 
water solubility increases drug mobility and may preclude 
the use of some approaches utilized to achieved a controlled 
release dosage form. 

6 
initially contained within the controlled release dosage form 
in the first hour post-administration. When referencing the 
amount of drug initially contained in the controlled release 
dosage form or "initial drug content" of the controlled 

5 release dosage form, for purposes of the present description, 
such amount refers to the total amount of drug included in 
the controlled release composition prior to administration to 
a patient. 

As is detailed herein, the controlled release dosage forms 
10 according to the present description include a controlled 

release component (also referred to as a controlled release 
"formulation") and, optionally, an immediate release com
ponent (also referred to as an immediate release "formula
tion" or an immediate release "coating"). In specific embodi-

15 ments, the controlled release dosage forms described herein 
may be formulated to deliver drug to the gastro-intestinal 
tract at desired rates of release or release profiles. For 
example, in some embodiments, controlled release dosage 
forms as described herein are formulated to release to the 

Another challenge to achieving a formulation capable of 
delivering GHB over a sustained period of time is the fact 
that some forms of GHB, such as the sodium salt of GHB, 
sodium oxybate, are extremely hygroscopic. As used herein, 
the term "hygroscopic" is used to describe a substance that 20 

readily absorbs and attracts water from the surrounding 
environment. The hygroscopic nature of sodium oxybate 
presents significant challenges to the formulation, produc
tion, and storage of dosage forms capable of delivering 
sodium oxybate over a sustained period of time. Despite the 25 

challenges noted, formulations and unit dosage forms pro
viding controlled release of GHB are described herein. 

gastro-intestinal tract not more than about 10% to about 60% 
of the drug initially contained within the controlled release 
component of the controlled release dosage form during the 
first two hours post-administration, and not more than about 
40% to about 90% of the drug initially contained within the 
controlled release component of the controlled release dos
age form during the first four hours post-administration. In 
other embodiments, controlled release dosage forms as 
described herein are formulated to release to the gastro
intestinal tract not more not more than about 40% of the drug 

A. Controlled Release Formulations 
As used herein, the term "controlled release" describes a 

formulation, such as, for example, a unit dosage form, that 
releases drug over a prolonged period of time. The con
trolled release compositions described herein may be pro
vided as a unit dosage form suitable for oral administration. 
In each embodiment of the controlled release compositions 
described herein, the drug incorporated in such composi
tions may be selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB. 

In certain embodiments, the controlled release composi
tions described herein are formulated as unit dosage forms 
that deliver therapeutically effective amounts of drug over a 
period of at least 4 hours. For example, controlled release 
unit dosage forms as described herein may be formulated to 
deliver therapeutically effective amounts of drug over a 
period selected from about 4 to about 12 hours. In specific 
embodiments, the controlled release dosage forms described 
herein deliver therapeutically effective amounts of drug over 
a period selected from about 4, about 5, about 6, about 7, 
about 8, about 9, about 10 hours, and about 12 hours. In 
other such embodiments, the controlled release dosage 
forms deliver therapeutically effective amounts of drug over 
a period selected from a range of about 4 to about 10 hours, 
about 5 to about 10 hours, about 5 to about 12 hours, about 
6 to about 10 hours, about 6 to about 12 hours, about 7 to 
about 10 hours, about 7 to about 12 hours, about 8 to about 
10 hours, and from about 8 to about 12 hours. In yet other 
embodiments, the controlled release dosage forms deliver 
therapeutically effective amounts of drug over a period 
selected from a range of about 5 to about 9 hours, about 5 
to about 8 hours, about 5 to about 7 hours, and about 6 to 
about 10 hours, about 6 to about 9 hours, and about 6 to 
about 8 hours. 

The compositions described herein facilitate production 
of controlled release dosage forms that provide a substan
tially constant drug release rate. In one embodiment, the 
controlled release dosage forms may be formulated to 
deliver not more than approximately 30% of the drug 

30 initially contained within the controlled release component 
in the first hour post-administration, not more than about 
60% of the drug initially contained within the controlled 
release component during the first two hours post-adminis
tration, and not more than about 90% of the drug initially 

35 contained within the controlled release component during 
the first four hours post-administration. In still other 
embodiments, a controlled release dosage form as described 
herein may be formulated to release to the gastro-intestinal 
tract not more than about 30% of the initial drug content in 

40 the controlled release component in the first hour post
administration, not more than about 60% of the initial drug 
content in the controlled release component during the first 
two hours post-administration, and not more than about 90% 
of the initial drug content of the controlled release compo-

45 nent during the first four hours post-administration. In other 
embodiments, a controlled release dosage form as described 
herein may be formulated to release to the gastro-intestinal 
tract not more than about 50% of the initial drug content of 
the controlled release component during the first hour post-

50 administration, between about 50 and about 75% of the 
initial drug content of the controlled release component after 
two hours, and not less than 80% of the initial drug content 
of the controlled release component after four hours post 
administration. In still other embodiments, a controlled 

55 release dosage form as described herein may be formulated 
release to the gastro-intestinal tract not more than about 20% 
of the initial drug content of the controlled release compo
nent during the first hour post-administration, between about 
5 and about 30% of the initial drug content of the controlled 

60 release component after two hours, between about 30% and 
about 50% of the initial drug content of the controlled 
release component after 4 hours, between about 50% and 
about 70% of the initial drug content of the controlled 
release component after 6 hours, and not less than about 

65 80% of the initial drug content of the controlled release 
component after 10 hours post administration. In yet other 
embodiments, a controlled release dosage form as described 
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herein may be formulated to release to the gastro-intestinal 
tract not more than about 20% of the initial drug content of 
the controlled release component after the first hour post
administration, between about 20% and about 50% of the 
initial drug content of the controlled release component after 5 

2 hours, between about 50% and about 80% of the initial 
drug content of the controlled release component after 4 
hours, and not less than 85% of the initial drug content of the 
controlled release component after 8 hours post-administra
tion. The rate and extent of the absorption of GHB varies 10 

along the length of the GI tract with lower amounts absorbed 
in the more distal portions (i.e., the ileum and the colon). 

Due to the rapid clearance ofGHB from the plasma, when 
GHB is administered in an immediate release formulation, 
even large doses of the drug ( e.g., a dose of between about 15 

2.25 g and 4.5 g) generally result in plasma levels below 10 
ug/mL within 4 hours of ingestion. In order to achieve 
therapeutic efficacy, therefore, a second, equal, dose is often 
required within 4 hours after administration of the first dose, 
and some patients may require administration of a second as 20 

soon as 2.5 hours after administration of the first dose. In 
such an instance, in order to maintain therapeutic efficacy, 

8 
mental examples provided herein. The dissolution media 
may be selected from dissolution media known by those of 
skill in the art such as at least one of purified water, 0.lN 
HCl, simulated intestinal fluid, and others. 

In particular embodiments, the controlled release formu
lations described herein work to reduce inter patient vari
ability in delivery of GHB. In particular, controlled release 
formulations described herein provide time dependent 
release of GHB over a sustained period of time. Previous 
references have described targeted release dosage forms of 
GHB that function in a pH dependent manner. However, due 
to inter-subject variability in gastrointestinal pH conditions, 
delivery of GHB from such dosage forms can be inconsis
tent. Moreover, because relatively high doses of GHB are 
typically required for therapeutic effect, unit dosage forms of 
GHB are also relatively large and may be retained for a 
period of time in the stomach, which can lead to intra- and 
inter-patient variability in dose delivery of GHB from pH 
dependent delivery systems due to variability in gastric 
retention time. Further, patients with fibromyalgia have an 
increased chance of also suffering from irritable bowel 
syndrome (see, e.g., Fibromyalgia in patients with irritable 
bowel syndrome. An association with the severity of the 
intestinal disorder, Int J Colorectal Dis. 2001 August; 16( 4): 

4.5 g to 9 g of drug must be administered to the patient in 
two separate doses within 2 to 5 hours. This also requires 
that the second dose be administered during the night, which 
requires that the patient be awakened to take the second 
dose. The result is that the Cmax/Cmin ratio of GHB over an 
six hour period can be greater than 4 and is often greater than 
8. In certain embodiments, for a given dose of GHB, 
administration of GHB using controlled release dosage 
forms as described herein can achieve a rapid rise in plasma 
concentrations of GHB, but with a prolonged duration of 
plasma levels above 10 µg/mL. In certain such embodi
ments, a GHB controlled release dosage form as described 
herein provides a Cmax to Cmin ratio of GHB over a 
prolonged period of time after administration selected from 
less than 3 and less than 2. Therefore, in specific embodi
ments, the controlled release dosage forms described herein 
provided controlled delivery of GHB that results in a Cmax 

25 211-5.) Irritable bowel syndrome is also associated with 
delayed gastric emptying and variable gastric emptying (see, 
e.g., Dyspepsia and its overlap with irritable bowel syn
drome, Curr Gastroenterol Rep. 2006 August; 8( 4):266-72.) 
Therefore many patients with fibromyalgia and suffering 

30 from irritable bowel syndrome may experience more vari
ability in gastric transit or prolonged gastric transit. By 
operating in a time dependent manner once placed in an 
aqueous environment, controlled release formulations 
described herein offer consistent GHB delivery characteris-

35 tics and reduce the likelihood of undesirable intra- and 
inter-patient inconsistencies in dose delivery that may result 
from variances in gastric retention time that can occur 
between different patients and different patient populations. 

to Cmin ratio ofGHB selected from less than 3 and less than 40 

Controlled release formulations described herein may be 
formulated to completely release a drug within a desired 
time interval. As has been reported, the bioavailability of 
GHB decreases in the lower GI, with bioavailability decreas
ing the lower the drug is delivered in the GI (See, e.g., U.S. 
Patent Publication No. US2006/0210630). Therefore, in 

2 over a period of time selected from up to about 5 hours, 
up to about 6 hours, up to about 7 hours, up to about 8 hours, 
up to about 9 hours, and up to about 10 hours. For example, 
in particular embodiments, the controlled release dosage 
forms described herein provided controlled delivery of GHB 
that results in a Cmax to Cmin ratio of GHB selected from 
less than 3 over a period of time selected from up to about 
5 hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours, while 
also providing GHB plasma concentrations of at least 10 
µg/mL over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 

45 certain embodiments, the controlled release dosage forms 
are provided that deliver substantially all the GHB contained 
therein over a sustained period of time that is long enough 
to increase patient convenience, yet short enough to reduce 
dosing of GHB in the lower GI. In specific embodiments, 

50 controlled release GHB dosage forms are provided that 
deliver approximately 90% or more of the GHB contained 
within the controlled release formulation within about 4 to 
about 10 hours of administration. For example, dosage 
forms for the controlled release of GHB as described herein 

8 hours, up to about 9 hours, and up to about 10 hours. In 
still other embodiments, the controlled release dosage forms 
described herein provided controlled delivery of GHB that 55 

results in a Cmax to Cmin ratio of GHB selected from less 
may be formulated to deliver approximately 90% or more of 
the drug included within the controlled release formulation 
within about 4, 5, 6, 7, 8, 9, 10, or 12 hours of administra
tion. In one such embodiment, a dosage form for the 
sustained delivery of GHB according to the present descrip-

than 2 over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours, while 
also providing GHB plasma concentrations of at least 10 
µg/mL over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 

60 tion is formulated to deliver more than 90% of the GHB 

8 hours, up to about 9 hours, and up to about 10 hours. 
Drug delivery performance provided by the dosage forms 

described herein can be evaluated using a standard USP type 65 

2 or USP type 7 dissolution apparatus set to 37° C.±2° C. 
under the conditions described, for example, in the experi-

included within the controlled release formulation within 12 
hours post-administration. Such embodiments serve to not 
only provide controlled release of GHB, but they also work 
to deliver GHB where bioavailability is highest, which can 
also provide increased dose consistency. 

The controlled release dosage forms described herein may 
comprise a relatively high concentration of drug that can, in 

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 21 of 254 PageID #: 11296



US 10,758,488 B2 
9 

some instances, harm a patient if the formulation releases the 
drug at a rate that is faster than the intended sustained rate. 
This rapid release of the drug is sometimes referred to as 
"dose dumping." To avoid this potential danger, certain 
embodiments of the controlled release dosage forms 
described herein may comprise formulations that are resis
tant to dose dumping. Some users may intentionally attempt 

10 
1,500 mg, 1,600 mg, 1,700 mg, 1,800 mg, 1,900 mg, and 
2,000 mg. In certain such embodiments, the amount of drug 
included in a CR core as described herein may range from 
about 500 mg to about 2,000 mg, such as, for example, about 

5 500 mg to 1,000 mg, about 600 mg to 1,000 mg, about 600 
mg to 900 mg, about 600 mg to 800 mg, about 700 mg to 
1,000 mg, about 700 mg to 900 mg and about 700 mg to 850 
mg. In other such embodiments, the amount of drug 
included in a CR core as described herein may range from 

to increase the drug release rate of the controlled release 
dosage form using alcohol (e.g., potential abusers may take 
the controlled release dosage form prior to, simultaneously 
with, or after consuming an alcoholic beverage or, alterna
tively, may seek to extract the drug from the controlled 
release dosage form by placing the dosage form in solution 
containing alcohol). Other users may take the dosage form 
with alcohol, not necessarily in a manner considered abuse 15 

of the drug or alcohol, but without regard for the potential 
risks of dose dumping or contraindication of the two sub
stances. In one embodiment, a controlled release dosage 
form as disclosed herein may include a coating composition 
that is resistant to alcohol or that does not dissolve substan
tially faster in alcohol. In one such embodiment, the con
trolled release dosage form may comprise the drug sodium 
oxybate and include a coating composition including ethyl
cellulose that is resistant to dose dumping in alcohol. In 
another embodiment, the controlled release dosage form 
may include a coating composition that is resistant to dose 
dumping after administration. For example, the controlled 
release dosage form may include a coating composition that 

10 about 700 mg to about 2,000 mg, such as, for example, about 
700 mg to 1,500 mg, about 700 mg to 1,400 mg, about 700 
mg to 1,300 mg, about 700 mg to 1,200 mg, about 700 mg 
to 1,100 mg, about 700 ring to 1,000 mg, about 700 mg to 
900 mg, and about 700 mg to 850 mg. 

In one embodiment, the controlled release dosage form 
comprises a CR core wherein the relative amount drug in the 
CR core is at least 90% or greater by weight. In another 
embodiment, the relative amount of drug in the CR core 
ranges from between about 90% and 98%, about 91% and 

20 98%, about 92% and 98%, about 93% and 98%, about 94% 
and 98%, about 95% and 98%, about 96% and 98%, and 
between about 97% and 98% by weight of the CR core. In 
yet another embodiment, the relative amount of drug in a CR 
core may be present at an amount selected from about 90%, 

25 91 %, 92%, 93%, 94%, 95%, 96%, 97%, and 98% by weight 
of the CR core. In certain such embodiments, the amount of 
drug in the CR core may range from about 94 to 98%, 94 to 
97%, 94 to 96%, 95 to 98%, 95 to 97%, and 95 to 96.5 by 

is resistant to dose dumping in the GI tract after being 
exposed to gastric fluid and intestinal fluid. 30 

weight of the CR core. 
In one embodiment, the controlled release dosage form 

comprises a CR core that includes drug substance in com
bination with one or more excipients, such as binders, fillers, 
diluents, disintegrants, colorants, buffering agents, coatings, 
surfactants, wetting agents, lubricants, glidants, or other 

35 suitable excipients. In one embodiment, a CR core as 
disclosed herein can include one or more binders that are 
known for use in tablet formulations. In one such embodi
ment, a CR core may include at least one binder selected 

In certain embodiments, the controlled release formula
tions described herein are provided as a coated tablet com
position having a controlled release core coated by a func
tional overcoat. The composition of the controlled release 
core provided in such embodiments facilitates high drug 
loading, thereby, rendering the coated tablet suitable for 
formulation and sustained delivery of drugs administered at 
high doses. The functional overcoat works to control deliv
ery of drug from the controlled release core and maintain the 
structural integrity of the dosage form over time. In addition 40 

to the controlled release core and functional overcoat, the 
coated tablet composition as described herein may further 
include a moisture barrier or cosmetic coating disposed over 
the functional overcoat. 

from hydroxypropyl cellulose (HPC), ethylcellulose, 
hydroxypropyl methylcellulose (HPMC), hydroxyethyl cel
lulose, povidone, copovidone, pregelatinized starch, dextrin, 
gelatin, maltodextrin, starch, zein, acacia, alginic acid, car
bomers ( cross-linked polyacrylates ), polymethacrylates, car
boxymethylcellulose sodium, guar gum, hydrogenated veg-

I. Controlled Release Component 
Where the controlled release formulations described 

herein are formulated as a coated tablet having a controlled 
release core (CR core), the CR core includes at least one 
drug substance to be delivered from the controlled release 
dosage form. The drug included in the CR core may be 
selected from GHB and pharmaceutically acceptable salts, 
hydrates, tautomers, solvates and complexes of GHB. 
Examples of suitable salts of GHB include the calcium, 
lithium, potassium, sodium and magnesium salts. The CR 
core is formulated and configured to be suitable for oral 
administration. In one embodiment, coated tablets as 
described herein may be administered to provide a dose of 
GHB or a pharmaceutically acceptable salt, hydrate, tau
tomer, solvate or complex of GHB in a range of about 500 
mg to about 12 g of drug in one or more tablets. In particular 
embodiments, a CR core included in a controlled release 
dosage form according to the present description may 
include an amount of drug selected from about 100 mg to 
about 2,000 mg. In some such embodiments, the amount of 
drug included in the CR core may be selected from up to 
about 250 mg, 400 mg, 500 mg, 600 mg, 700 mg, 750 mg, 
800 mg, 900 mg, 1,000 mg, 1,100 mg, 1,200 mg, 1,400 mg, 

45 etable oil (type 1), methylcellulose, magnesium aluminum 
silicate, and sodium alginate. In specific embodiments, the 
CR core included in a controlled release dosage form as 
disclosed herein may comprise binder levels ranging from 
approximately 1 % to 10% by weight. For example, the CR 

50 core may include a binder in an amount selected from about 
1 %, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 6%, 7%, 
8%, 9%, and 10% by weight. In certain such embodiments, 
the amount of binder included in the CR core may range 
from about 1 to 2%, 1 to 3%, 1 to 4%, 1 to 5%, 1 to 6%, 1 

55 to 7%, 1 to 8%, 1 to 9% and 1 to 10% by weight. 
The CR core may include one or more lubricants to 

improve desired processing characteristics. In one embodi
ment, the CR core may include one or more lubricants 
selected from at least one of magnesium stearate, stearic 

60 acid, calcium stearate, hydrogenated castor oil, hydroge
nated vegetable oil, light mineral oil, magnesium stearate, 
mineral oil, polyethylene glycol, sodium benzoate, sodium 
stearyl fumarate, and zinc stearate. In another embodiment, 
one or more lubricants may be added to the CR core in a 

65 range of about 0.5% to 5% by weight. In particular embodi
ments, a CR core as disclosed herein may comprise a 
lubricant in a range of about 0.5% to 2% by weight, about 
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1 % to 2% by weight, about 1 % to 3% by weight, about 2% 
to 3% by weight, and about 2% to 4% by weight. In one such 
embodiment, one or more lubricants may be present in the 
CR core in an amount selected from about 0.5%, 1 %, 1.5%, 
2%, 2.5%, 3%, 3.5%, 4%, 4.5%, and 5% by weight. Still 5 

lower lubricant levels may be achieved with use of a 
"puffer" system during tabletting, which applies lubricant 
directly to the punch and die surfaces rather than throughout 
the formulation. 

substance contained within the controlled release formula
tion has been delivered. Such a feature reduces the risk that 
bezoars formed from intact dosage form shells will form or 
be maintained within the GI tract of a patient, which may be 
of particular concern where the drug to be delivered must be 
administered at high doses using multiple unit dosage forms. 

In one embodiment, a functional coating composition as 
disclosed herein may control, at least in part, the rate of 
release of the drug to be delivered from the CR core into the 

The CR core may also include one or more surfactants. In 
certain embodiments, the CR core may include a tableted 
composition that may comprise one or more surfactants 
selected from, for example, ionic and non-ionic surfactants. 
In one such embodiment, CR core may include at least one 
anionic surfactant, including docusate sodium (dioctyl sul
fosuccinate sodium salt) and sodium lauryl sulfate. In yet 
another embodiment, the CR core may include at least one 
non-ionic surfactant selected from including polyoxyethy
elene alkyl ethers, polyoxyethylene stearates, poloxamers, 
polysorbate, sorbitan esters, and glyceryl monooleate. In 
specific embodiments, one or more surfactants included in a 
CR core as disclosed herein may be present, for example, in 
an amount ofup to about 3.0% by weight of the CR core. For 
example, in certain embodiments, the CR core may include 
one or more surfactants present in a range selected from 
about 0.01 % to 3%, about 0.01 % to 2%, about 0.01 % to 1 %, 
about 0.5% to 3%, about 0.5% to 2%, and about 0.5% to 1 % 
by weight of the CR core. 

The CR core included in controlled release dosage form 

10 gastrointestinal tract. In one embodiment, the functional 
coating composition provides a functional coat that partly or 
fully covers the CR core included in the controlled release 
dosage form. In one embodiment, the functional coating 
composition as disclosed herein may include a polymer or 

15 blends of compatible polymers that are water soluble or that 
are water insoluble and selected to exhibit desired perme
ability characteristics. In one embodiment, the functional 
coating composition has a permeability that may be adjusted 
according the solubility of the drug used in the CR core. In 

20 one such embodiment, the functional coating composition 
may comprise one or more water insoluble polymers that 
may swell but do not substantially dissolve in the GI tract. 
For example, in particular embodiments, a functional coat
ing composition as disclosed herein may comprise a rate-

25 limiting film that includes at least one of ethylcellulose, 
cellulose acetate, such as CA-398. In other embodiments, 
the functional coating may include combinations of ethyl
cellulose with ammonia methacrylate copolymers, such as 
EUDRAGIT RS, EUDRAGIT RL, and combinations 

30 thereof. Suitable ethylcellulose materials are readily com
mercially available, and include, for example, ETHOCEL 
ethylcellulose polymers. Where ethylcellulose is used to 
form the functional coating, the physical characteristics of 
the coating composition and residual shell may be modified 

as disclosed herein may also include fillers or compression 
aids selected from at least one oflactose, calcium carbonate, 
calcium sulfate, compressible sugars, dextrates, dextrin, 
dextrose, kaolin, magnesium carbonate, magnesium oxide, 
maltodextrin, mannitol, microcrystalline cellulose, pow
dered cellulose, and sucrose. In another embodiment, a CR 
core may be prepared by blending a drug and other excipi
ents together, and the forming the blend into a tablet, caplet, 
pill, or other dosage form according to methods known by 
those of skill in the art. In certain embodiments, a controlled 
release formulation as described herein may comprise a 40 

solid oral dosage form of any desired shape and size 
including round, oval, oblong cylindrical, or triangular. In 
one such embodiment, the surfaces of the CR core may be 
flat, round, concave, or convex. 

35 by adjusting the molecular weight of the ethylcellulose. For 
example, different grades of ethylcellulose, including, but 
not limited to, 4 cP, 7 cP, 10 cP, and 20 cP grades, may be 
used to achieve a coating composition having desired physi
cal characteristics. 

A functional coating composition as disclosed herein may 
include one or more base polymer and at least one pore
former. In one embodiment, the base polymer content may 
range from about 50% to about 80% by weight of the coating 
composition. In certain embodiments, the base polymer may 

The CR core composition included in a controlled release 
formulation provided as a coated tablet dosage form as 
described herein may be manufactured using standard tech
niques, such as wet granulation, roller compaction, fluid bed 
granulation, and direct compression followed by compres
sion on a conventional rotary tablet press as described in 
Remington, 20th edition, Chapter 45 (Oral Solid Dosage 
Forms). 

II. Functional Coating Composition 
Where the controlled release formulations as described 

45 be present in an amount ranging from about 50% to 75%, 
about 55% to 75%, about 60% to 75%, and about 65% to 
75% by weight of the coating composition. In one such 
embodiment, the base polymer may be present in an amount 
selected from about 50%, 55%, 60%, 65%, 70%, 75%, and 

50 80% by weight of the coating composition. In cases where 
a filler material is used (e.g., insoluble, non film-forming 
material such as magnesium stearate, talc, or fumed silica), 
these limits apply to the composition of the remaining 
non-filler components in the film. 

The permeability of the base polymer included in a 
functional coating as described herein may be modified by 
including a pore former in the base polymer. In one such 
embodiment, the functional coating composition including 
the pore former may be obtained by combining the pore 

herein are provided as a coated tablet composition, the CR 55 

core is coated with a functional coating. The coating com
position works to preserve the integrity of the unit dosage 
form post administration and serves to facilitate controlled 
release of drug from the CR core. In certain embodiments, 
the coating composition is formulated to facilitate controlled 
release of a drug selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB. In one such embodiment, the coating 
composition is sufficiently robust to preserve the integrity of 
the coated tablet pre- and post-administration, yet is subject 

60 former with the base polymer material in solution according 
to conventional techniques. A pore former as disclosed 
herein may include at least one polymeric pore former, such 
as hydroxyalkyl cellulose, hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, polyethylene glycols, polyvinyl 

65 alcohol, povidone, copovidone, and poloxamers, such as 
188 or 407. In one embodiment, a pore former as disclosed 
herein may include at least one small-molecule pore former, 

to disintegration or crushing as it passes through a patient's 
gastrointestinal tract and after all or substantially all the drug 
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such as a water soluble sugar or organic acid, including, for 
example, citric acid or sorbitol. In one such embodiment, a 
small-molecule pore former may be water soluble active 
agent, such as a pharmaceutically acceptable salt of GHB. In 
yet another embodiment, the pore former may comprise a 5 

polymer that expands in the presence of the drug included in 
the CR core, wherein expansion of the pore former may 
cause an increase in permeability of the functional coating 
composition. For example, in some embodiments, the func
tional coating composition may comprise a pore former that 10 

that expands or swells in the presence of sodium oxybate. In 
one such embodiment, the pore former includes a suitable 
carbomer. 

in the GI, varying the filler level in the film may allow one 
to adjust the duration, or extent of drug delivered, at which 
breach of the film and abrupt release of remaining contents 
occurs. 

The functional coating composition as disclosed herein 
may be applied to a CR core at a weight that facilitates a 
suitable combination of sustained drug release and dosage 
form structural integrity. In certain embodiments, the func
tional coating composition may be applied at a weight of 
about 10 to about 100 mg. In particular embodiments, for 
example, the functional coating may be applied at a weight 
selected from about 20 to 60 mg, about 20 to 50 mg, about 
20 to 40 mg, about 20 to 30 mg, about 30 to 60 mg, about 
30 to 50 mg, about 30 to 40 mg, about 40 to 60 mg, about Where used in the functional coating composition, a pore 

former or a pore-forming agent can be selected to modify the 
permeability of the coating composition provided over the 
CR core. For example, the permeability of the functional 
coating composition may be increased by including one or 
more pore formers or pore-forming agents in the coating 
composition. In one embodiment, the pore formers disclosed 
herein may be soluble in water. In one such embodiment, 
when a CR dosage form comprising a functional coating 
composition with at least one pore former is swallowed by 
a patient and contacted with gastric fluid, the water-soluble 
pore formers may dissolve and form pores or channels in the 
coating through which the drug is released. It is possible to 
use an enteric component as part or all of the pore former in 
the coating composition. Examples of such materials that 
may be used as a pore former in the context of the present 
description include cellulose acetate phthalate, methacrylic 
acid-methyl methacrylate copolymers, and polyvinyl acetate 
phthalate. However, incorporating enteric components in the 
film may result in delivery characteristics that exhibit some 
level of sensitivity to gastric and intestinal transit times. 

Where included, the amount and nature of the pore former 
included in the functional coating composition can be 
adjusted to obtain desired release rate characteristics for a 
given drug substance. In one embodiment, the functional 
coating composition may include an amount of pore former 
that ranges from about 20% to about 50% by weight of the 
coating composition. For example, the pore former may be 
present in an amount ranging from about 20% to 45%, about 
25% to 45%, about 30% to 45%, and about 35% to 45% by 
weight of the functional coating composition. In one such 
embodiment, the pore former may be present in an amount 
selected from about 20%, 25%, 30%, 35%, 40%, 45%, and 
50% by weight of the functional coating composition. 

The functional coating composition as disclosed herein 
may also comprise one or more plasticizers. In certain 
embodiments, the functional coating composition may 
include a plasticizer such as triethyl citrate or dibutyl 
sebacate. In one such embodiment, a plasticizer may be 
present in the functional coating composition in an amount 
ranging from about 5% to 15% by weight relative to the base 
polymer. In certain embodiments, the functional coating 
composition may include a plasticizer in an amount selected 
from about 5%, 8%, 10%, 12%, and 15% by weight relative 
to the base polymer. 

The functional coating composition as disclosed herein 
may also include an anti-tack agent. For example, certain 
embodiments of the functional coating composition may 
include an anti-tack agent selected from one or more of talc, 
glyceryl monostearate, and magnesium stearate. Many of the 
anti-tack agents are also suitable fillers. Addition of fillers, 
especially magnesium stearate, is one way to make the film 
more brittle and the dosage form more prone to crushing as 
it transits through the GI. Depending on forces encountered 

15 40 to 50 mg, and about 50 to 60 mg. These ranges are useful 
for oval tablets of about 500 mg to about 1000 mg in weight. 
Alternatively, for a given tablet size or weights, the func
tional coating composition as disclosed herein may be 
applied at between about 2.5% and 7.5% of the tablet 

20 weight. For example, in one such embodiment, where the 
tablet is a 2,000 mg oval tablet, a functional coating com
position may be applied at a weight ranging from about 50 
mg to about 150 mg. 

In addition to adjusting the amount or nature of the pore 
25 former included in the functional coating composition, the 

release rate of drug provided by the controlled release 
dosage form disclosed herein may be adjusted by modifying 
the thickness or weight of the functional coating composi
tion. For example, a more rapid release rate will generally be 

30 achieved as the amount of a given pore former included in 
the functional coating composition is increased or the thick
ness or weight of the coating composition applied over the 
CR core is decreased. Conversely, a slower or more con
trolled release may be achieved, generally, as relatively less 

35 of a given pore former is included in the functional coating 
composition or the thickness or weight of the coating 
composition applied to the CR core is increased. Addition
ally, in certain embodiments, the release rate of drug from 
the CR core may be adjusted by modifying the water content 

40 of the functional coating composition. For example, increas
ing the water content of the functional coating composition 
may increase the release rate of drug the CR core. 

The functional coating compositions as disclosed herein 
may be applied to a CR core according to conventional 

45 coating methods and techniques. In one embodiment, the 
functional coating composition as disclosed herein may be 
applied using a conventional perforated pan coater. In 
another embodiment, the functional coating composition 
may be applied using an aqueous pan-coating process. In 

50 one such embodiment, the use of an aqueous pan-coating 
process may include the use of a latex dispersion. For 
example, a latex dispersion such as SURELEASE may be 
used for an ethylcellulose pan-coating process. In another 
example, a latex dispersion such as EUDRAGIT RS 30 D 

55 may be used in a pan-coating process for ammonio-meth
acrylates. In yet another embodiment, the functional coating 
composition may be applied using a solvent-based pan
coating process. In one such embodiment, a solvent-based 
pan-coating process may include the use of an alcohol 

60 solvent, such as ethanol. For example, an alcohol-solvent 
based pan-coating process may utilize a 95% ethanol and 
5% water (w/w) solvent. 

In one embodiment, the functional coating compositions 
as described herein may be applied using a fluid bed coating 

65 process such as a Wurster fluid bed film coating process. In 
another embodiment, the functional coating composition 
may be applied using a compression coating process. In yet 
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another embodiment, the functional coating compos1t10n 
may be applied using a phase inversion process. In certain 
embodiments, the functional coating composition as dis
closed herein may be applied over a suitable subcoating. 

16 
period selected from less than 45 minutes, less than 30 
minutes, and less than 15 minutes post-administration. 

In certain embodiments, the IR formulation is provided as 
an immediate release component of a controlled release 

III. Moisture Barrier/Cosmetic Coatings 
When a controlled release formulation or dosage form is 

provided as a coated tablet, in some embodiments, it may be 
coated with a moisture barrier or a moisture-resistant coating 
composition. For example, a controlled release dosage form 
as disclosed herein comprising GHB as the drug substance 
may include a moisture barrier. In another example, a 
moisture barrier may be particularly useful where sodium 
oxybate is used as the drug substance. In one embodiment, 
the moisture barrier may be a polyvinyl alcohol-based 
coating, such as OPADRY AMB (Colorcon Inc., Harleys
ville, Pa.). In another embodiment, the moisture barrier may 

5 dosage form as described herein. In one such embodiment, 
the IR component is provided as a coating over a controlled 
release component or formulation as described herein. A unit 
dosage form that integrates both controlled release and 
immediate release components can increase the convenience 

10 and accuracy with which a drug such as GHB is dosed to 
patients by providing a unit dosage form that not only 
provides quick onset of action, but also sustained delivery of 
GHB to the patient over a prolonged period of time. Fur
thermore, where the drug to be delivered is selected from 

15 GHB and pharmaceutically acceptable salts, hydrates, tau
tomers, solvates and complexes of GHB, dosing controlled 
release and immediate release formulations together may 
avoid the disadvantages of the current GHB dosing regi
mens, which can result in highly pulsatile plasma concen-

be a hydroxypropyl methylcellulose (HPMC)/wax-based 
coating, such as AQUARIUS MG (AshlandAqualon, Wilm
ington, Del.). In yet another embodiment, the moisture 20 

barrier may be a HPMC/stearic acid-based coating. The 
moisture barrier as disclosed herein, in some embodiments, 
may be formed using a reverse enteric material, such as 
EUDRAGIT E, and may be coated from alcohol or alcohol/ 
water solutions or from an aqueous latex dispersion. In 25 

embodiments where the controlled release dosage form is 
provided as a tablet of about 500 mg-1000 mg in weight, for 
example, the moisture barrier coating may be applied at a 
weight selected from about 10 mg to about 60 mg/tablet and 
about 25 mg to about 50 mg/tablet. In general, a minimum 30 

weight is needed to ensure complete coverage of the tablet 
in light of imperfections in the tablet surface, and a maxi
mum weight is determined by practical considerations, such 
as coating time, or by the need for better moisture protection. 

As will be readily appreciated, the controlled release 35 

dosage form can be further provided with a cosmetic top 
coat. In one embodiment, a top-coat may be applied to an 
existing coating composition such as a moisture barrier. In 
certain embodiments, a cosmetic top-coat may include at 
least one ofHPMC and copovidone. For example, when the 40 

controlled release dosage form includes a coated tablet 
comprising sodium oxybate as the drug, a top-coat including 
HPMC, such as for example an HPMC material selected 
from one or more ofHPMC E3, E5, or E15, may be applied 
over a moisture barrier to improve the effectiveness of the 45 

moisture barrier by reducing any seepage of sodium oxybate 
and water from the surface of the coated tablet. 
B. Immediate Release Formulations 

The controlled release formulations described herein can 

trations. 
I. Immediate Release Component 
When the immediate release formulation is provided as an 

integrated IR component of a controlled release dosage 
form, the amount of drug included in the IR component may 
range from about 10% to 50% by weight of the total drug 
included in the integrated dosage form. As used herein, 
"integrated dosage form" refers to a single unit dosage form 
that includes both immediate release and controlled release 
components as described herein. For example, where the 
drug to be delivered from the immediate release and con
trolled release formulations incorporated into an integrated 
dosage form is selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB in some embodiments, the drug included in 
the IR component may comprise about 10% to about 50% by 
weight of the total drug included in the unit dosage form. In 
one such embodiment, the drug included in the IR compo
nent of an integrated dosage form may comprise about 10%, 
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by weight 
of the total drug included in the unit dosage form. For 
example, an integrated dosage form as described herein may 
contain 1000 mg sodium oxybate, wherein 100 mg to 500 
mg sodium oxybate (10% to 50% by weight) is contained 
within and delivered from the IR component and 500 mg to 
900 mg sodium oxybate (50% to 90% by weight) is con
tained within and delivered from the CR component. 

Where the IR component is provided as a coating over a 
controlled release dosage form, in certain embodiments, the 
drug included in the IR component may account for between 

be dosed together with an immediate release (IR) formula
tion. In one embodiment, the IR formulation may be pro
vided as a separate formulation or dosage form that may be 
dosed together with a dosage form provided by a controlled 
release dosage form as described herein. The IR formulation 
may be provided in any suitable form, such as a dry powder 
formulation, a tablet or capsule unit dosage form, or a liquid 
formulation such as a solution or suspension formulation. As 
used herein, "immediate release" refers to a drug formula
tion that releases more than about 95% of the drug contained 
therein within a period of less than one hour after adminis
tration. In particular embodiments, the IR component of the 
compositions described herein release more than about 95% 

50 about 75% and 98% by weight of the IR formulation. In the 
context of describing an IR component provided over a 
controlled release dosage form as described or disclosed 
herein, the controlled release dosage forms referred to 
include the controlled release formulations described herein, 

55 including, in specific embodiments, CR cores coated with a 
functional coating as described herein. Again, the drug 
included in such an embodiment may be selected from GHB 
and pharmaceutically acceptable salts, hydrates, tautomers, 
solvates and complexes of GHB. In certain embodiments, 

60 the IR component may comprise sodium oxybate in an 
amount of selected from a range of between about 7 5% and 
98%, between about 80% and 98%, between about 85% and 
98%, between about 90% and 98%, and between about 95% of the drug contained therein within a period selected from 

less than 45 minutes, less than 30 minutes, and less than 15 
minutes post-administration. In other embodiments, the IR 65 

component of the compositions described herein release 
more than about 80% of the drug contained therein within a 

and 98% by weight. 
An IR component formed as a coating over a controlled 

release dosage form as disclosed herein may be applied as a 
tableted overcoat according to conventional tablet coating 
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and binding methods. Alternatively, an IR component 
formed as a coating over a controlled release dosage form as 
disclosed herein may be applied as a film coating, such as, 
for example, from a solution containing a suitable amount of 
drug and film former. In one such embodiment, wherein 5 

sodium oxybate is the drug included in the IR component, 
the coating forming the IR component may be coated over 
a controlled release dosage form from a coating solution that 
utilizes an alcohol and water solvent. For example, a suitable 
immediate release coating may be formed using a 20% 10 

solution of sodium oxybate in a 60%/40% (w/w) alcohol/ 
water solution that contains a suitable film-former. 

18 
as described herein is selected from GHB and pharmaceu
tically acceptable salts, hydrates, tautomers, solvates and 
complexes of GHB, and the integrated dosage form sustains 
delivery of GHB over a period of from about 4 to about 10 
hours. In one such embodiment, the IR component of the 
integrated dosage form provides rapid onset of action, 
releasing more than about 90% of the drug contained therein 
within a period of time selected from less than one hour, less 
than 45 minutes, less than 30 minutes and less than 15 
minutes after administration, while the controlled release 
composition included in the integrated dosage begins to 
deliver drug as the IR component is released and continues 
to deliver drug for a sustained period of between about 4 and 
about 10 hours. In another such embodiment, the IR com-

15 ponent of the integrated dosage form provides rapid onset of 
action, releasing more than about 90% of the drug contained 
therein within a period of time selected from less than one 
hour, less than 45 minutes, less than 30 minutes and less than 
15 minutes after administration, while the controlled release 

Where the IR component is provided as a film coat and 
includes one or more film-formers, suitable film formers 
may be selected from, for example, copovidone, hydroxy
propyl cellulose, HPMC, and hydroxymethyl cellulose 
materials. An IR component containing sodium oxybate as 
the drug can be applied as a suspension or as a solution by 
adjusting the water content of the coating mixture. For a 
suspension, little or no water is added to the alcohol, and the 
example film formers should be suitable. To prepare a 
solution, however, the water content of the solvent is 
increased, for example to 40%, and a smaller set of film 
formers would be suitable due to the precipitation of most 
common film formers in the presence of sodium oxybate 25 

solution. Hypromellose is one of several potential film 
formers that is suitable. It is further possible, with more 
difficulty, to apply the sodium oxybate from an aqueous 
solution; however, the same limitations on film former 
applies, and processing is complicated by the hygroscopic 30 

nature of the drug. In one embodiment, the IR component 
useful for use in a controlled release dosage form as 
described herein includes 91 % sodium oxybate and 9% 
hypromellose (HPMC E-15) that is applied from a solution 
containing 20% sodium oxybate and 2% HPMC E-15 in a 35 

60/40 w/w ethanol/water solvent. 
Where the IR component of an integrated dosage form is 

provided as a coating over the controlled release dosage 
form, the coating forming the IR component may further 
include one or more of an anti-tack agent and a plasticizer 
to facilitate processing and to improve film properties. 
Furthermore, addition of one or more surfactants, such as 
sodium lauryl sulfate, may improve the dissolution of IR 
coatings that contain hydrophobic components (such as 
anti-tack agents or water-insoluble film formers). 

In embodiments where the IR component is provided as 

20 composition included in the integrated dosage begins to 
deliver drug after the IR component is released and contin
ues to deliver drug for a sustained period of between about 
4 and about 10 hours. 

Moreover, the ratio of drug release from the IR compo
nent and CR component can be adjusted as needed to 
facilitate a desired dosing regimen or achieve targeted 
dosing. A dosage form as described herein that integrates 
both IR and CR components may be formulated to deliver as 
much as 2,000 mg of a desired drug, such as GHB or a 
pharmaceutically acceptable salt, hydrate, tautomer, solvates 
or complex of GHB. In particular embodiments, the total 
amount of drug contained within an integrated IR/CR dos
age form according to the present description may be 
between about 500 mg and about 1,400 mg. For example, in 
certain such embodiments, the total amount of drug may be 
selected from between about 500 mg and 1,400 mg, about 
500 mg and 1,200 mg, about 500 mg and 1,100 mg, about 
600 mg and 1,200 mg, about 600 mg and 1,100 mg, about 
600 mg and 1,000 mg, about 600 mg and 950 mg, about 600 

40 mg and 850 mg, about 600 mg and 750 mg, about 750 mg 
and 1,200 mg, about 750 mg and 1,100 mg, about 750 mg 
and 1,000 mg, about 750 mg and 950 mg, and about 750 mg 
and 850 mg. In an integrated IR/CR dosage form, the 
relative amounts of drug delivered from the IR component 

45 and CR components may be adjusted as desired as well. In 
particular embodiments, the ratio of drug released from the 
IR component to drug released from the CR component is 
from about 1 :2 to about 1 :4. In certain embodiments, such 

a coating over a controlled release formulation as described 
herein, the IR component may be positioned directly over 
the functional coating of the controlled release formulation. 
Where desired or necessary based on the drug to be deliv- 50 

ered from the IR component and controlled release formu
lation included in such an integrated dosage form, the outer 
surface of the IR component may then be coated with a 
moisture barrier layer. For example, where the drug deliv
ered by the integrated dosage form is highly hygroscopic, 
such as, for example, sodium oxybate, a moisture barrier 
layer over the immediate release coating forming the IR 
component may be provided. 

ratio is selected from about 1:2, 1:2.5, 1:3, 1:3.5 and 1 :4. 
In particular embodiments, the integrated dosage form 

may be formulated such that the controlled release formu
lation begins release of drug substantially simultaneously 
with delivery of the drug from the IR component. Alterna
tively, the integrated dosage form may be formulated such 

55 that controlled release formulation exhibits a start-up time 
lag. In one such embodiment, for example, the integrated 
dosage form maybe formulated and configured such that 
start-up of delivery of drug from the controlled release 
composition occurs after delivery of drug from the IR The formulation and structure of integrated dosage forms 

as described herein can be adjusted to provide a combination 
of immediate release and controlled release performance 
that suits a particular dosing need. In particular, the formu
lation and structure of integrated dosage forms as described 
herein can be adjusted to provide any combination of the 
immediate release and controlled release performance char
acteristics described herein. In particular embodiments, for 
example, the drug delivered from an integrated dosage form 

60 component is substantially complete. Where a start-up lag 
time is desired, an enteric coating may be applied over the 
controlled release component (e.g., over a functional coat
ing), but such a coating would necessarily limit the start-up 
lag to gastric residence and its associated variability. Use of 

65 enteric pore-formers would also impart a start-up lag, and 
such an embodiment would be more sensitive to food effects 
and gastric motility. Where a less pH-sensitive start-up lag 
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time is desired, the delay may be accomplished or adjusted 
by the use of one or more coatings and films, including the 
functional coating provided over a CR core and, where 
utilized, the moisture barrier or cosmetic overcoats. In 
particular, start-up lag time as disclosed herein may be 5 

adjusted by modifying the formulation, thickness, and/or 
weight of the functional coating provided over the CR core, 
the moisture barrier layer or one or more non-functional or 
cosmetic overcoats. 

10 
EXAMPLES 

Example 1 

Controlled Release Core 15 

20 
TABLE IC 

Screen Analysis of Milled Granulation 

Screen size Opening size Wt Retained 
US Std mesh microns (%) 

20 850 2.1 
40 420 10.4 
60 250 19.8 
80 180 25.0 

120 125 22.9 
200 75 12.5 
Pan <45 7.3 

Example 2 

Functional Coating 

Tablets from Example 1 were coated with a solution 

A granulation used to form CR cores as described herein 
was manufactured in a 25 L high shear granulator according 
to the formula in Table IA. Klucel EXF was divided into two 
equal portions; half of the Klucel EXF was dissolved in the 
ethanol, and half was dry blended with sodium oxybate. The 
material was initially granulated with 10% w/w ethanol and 
then titrated with another 3.5% w/w ethanol solution to 

20 prepared according to the formulation in Table 2A. The 
ethylcellulose was first added to a 95/5 w/w mixture of 
ethanol and water and stirred until dissolved. Next, the 
hydroxypropyl cellulose and dibutyl sebacate were added 

achieve desired granule growth. A suitable wet mass was 
obtained at a total ethanol concentration of 13.5% w/w. The 25 

wet granules were divided into two sub lots and then each 
sub lot was dried in a 5-liter Niro fluid bed dryer. The dried 
granules were combined and milled through a COMIL 
equipped with a 14 mesh screen. Granulation parameters 
and particle size distribution are shown in Tables 1 B and 1 C, 
respectively. 

The granulation was then combined with 2% magnesium 
stearate lubricant, and tablets were compressed on a 16-sta
tion press fitted with chrome-plated 0.325"x0.705" modified 
oval tooling. The average tablet hardness was 10.7 kilo
ponds. 

TABLE IA 

Controlled Release Core Tablet Formulation 

Ingredient(s) o/ow/w 

Sodium Oxybate 96.0 
2 Hydroxypropyl cellulose, NF (Klucel EXF) 2.0 
3 Ethanol, USP (200 proof)* 13.5 
4 Magnesiwn Stearate, NF 2.0 

TOTAL 100.0 

*Granulation solvent, removed during drying step 

TABLE 1B 

Granulation Parameters 

WET GRANULATION 

mg/tablet 

750.0 
15.6 

15.6 

781.2 

and stirred until completely dissolved. 4.7 kg of tablets from 
Example 1 were then charged to an 8" pan Driam tablet 
coater and coated with the solution to 5 .1 wt % gain ( 40 
mg/tablet). The tablets were then dried for 5 minutes in the 
coater, and then finally cooled in the pan to an exhaust 

30 
temperature below 30° C. 

The dissolution profile was measured in de-ionized water 
using USP Apparatus 2 set to 37° C.±2° C. with paddles at 
50 rpm. Samples were analyzed by HPLC. As shown in FIG. 
1, the coated tablets exhibited controlled release with dura-

35 tion of approximately 6 hours. The dosage form released 
12% of its contents after 1 hour, 34% after 2 hours, 71 % 
after 4 hours, 93% after 6 hours, and 99% after 8 hours. 

TABLE 2A 

40 
Formulation of Sodium Oxybate Sustained-Release Tablets 

% of coat o/ow/w 
Ingredient(s) solids of tablet mg/tablet 

5 Sodium Oxybate tablet core 95.13 781.25 
45 6 Hydroxypropyl cellulose, NF 37.0 1.80 14.80 

(Klucel EF) 
7 Dibutyl sebacate 5.0 0.24 2.00 
8 Ethylcellulose, NF (Ethocel Standard 58.0 2.82 23.20 

Premium 10) 

GRANULATION SOLUTION ADDITION RATE (G/MIN) 

TOTAL GRANULATION TIME (INCLUDING SOLUTION 

ADDITION AND WET MASSING TIME) 

250 

IMPELLER SPEED (RPM) 

CHOPPER SPEED (RPM) 

7 MINUTES 

300 

1800 

DRYING SUBLOT 1 SUBLOT 2 

DRYING INLET TEMPERATURE (° C.) 70 70 

TOTAL DRYING TIME (MIN) 17 18 

EXHAUST TEMPERATURE AT END OF DRYING (0 c.) 47 48 

LOD (% WT LOSS) 0.84 0.92 
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TABLE 2A-continued TABLE 3A-continued 

Formulation of Sodium Oxybate Sustained-Release Tablets Parameters for Immediate-Release Overcoating with 8" Driarn Coater 

% of coat % w/w DRUG OVER-COATING AVERAGE RANGE 
Ingredient(s) solids of tablet mg/tablet 5 

9 Etbanol, USP (200 proof)* 
10 Purified water* 

TOTAL RUN TIME (HRS) 4 HRS 47 MIN (COATING) 
15 MIN (DRYING) 

TOTAL 100.0 100.00 821.25 The following examples illustrate aspects of the sus-
------------------------ 10 tained-release coating formulation with several evaluations 
*Coating solvent, removed during processing 

TABLE 2A 

Coating Parameters for Driarn 8" Pan Coater 

CR COATING AVERAGE 

INLET TEMPERATURE (° C.) 46 
EXHAUST TEMPERATURE (0 C.) 43 
INLET AIRFLOW (PASCAL) >300 
ATOMIZATION PRESSURE (BAR) 2 
SPRAY RATE (G/MIN) 35 
PAN SPEED (RPM) 6 

Example 3 

Immediate-Release Overcoat 

RANGE 

42-55 
41-46 
>300 

2.0 
32-37 

5-7 

15 

20 

using tablets from Example 1. 

Example 4 

Effect of Membrane Weight with Poloxamer as 
Pore Former in Functional Coating 

One means of controlling dissolution is by adjustment of 
the coating thickness, or amount of film applied to each 
tablet. This was illustrated with a film consisting of 33% 
poloxamer 188 (P188) and 67% ethylcellulose 10 cPs (EC-
10). The coating solution was prepared by dissolving 3.59 
grams of EC-10 and 1.77 grams of Pl 88 in a mixture of 80 
grams denatured alcohol ("alcohol") and 4 grams de-ionized 

25 water. (Denatured alcohol, S-L-X manufactured by W. M. 
Barr, is approximately a 50/50 w/w blend of methanol and 
ethanol.) 

Twelve tablets from Example 1 were coated in a Caleva 
Mini-coater/Drier 2 under parameters listed in Table 4A. 

30 Periodically, the tablets were removed and weighed to 
determine film weight. Three tablets were removed at times 
corresponding to 21 mg, 30 mg, 40 mg, and finally 60 mg 
weight gain. 

The dissolution profiles were measured with USP Appa-
35 ratus 7 (Vanke! Bio-dis) set to 37° C.±2° C. and using a 

dipping rate of 30/minute, tablets fixed in plastic holders and 
intervals corresponding to 0.5 h, 1 h, 1.5 h, 2 h, 3 h, 4 h, 5 
h, 6 h, 7 h, 8 h, and 14 h ( each interval is 50 ml volume). The 
tubes were analyzed by conductivity, and results are calcu-

40 lated as percent of total amount. The results demonstrate that 
controlled release is achieved with membrane weights rang
ing from at least 21-60 mg/tablet, and that duration of 
delivery increases as the membrane weight increases. 

A solution of 20% sodium oxybate as active and 2.0% 
hypromellose E-15 (HPMC E-15) as film-former was pre
pared in 60/40 (w/w) ethanol/water. The coating solution 
was manufactured by first dissolving the HPMC E15 in 
water, then adding the ethanol and sodium oxybate. 3 kg of 
750-mg strength sustained-release tablets from Example 2 
were charged to a Driam tablet coater equipped with an 8" 
pan and preheated to 40° C. The entire coating solution was 
applied according to the parameters listed in Table 3A. The 
tablet weight gain was monitored every 5 minutes, and the 
coating was stopped when the entire solution was sprayed 
(the theoretical weight gain is 33.5% ). The tablets were dried 
for 15 minutes; the tablets did not lose any weight during the 
15 minute drying time, and so it was assumed that the drying 
was complete. The tablets were then cooled in the pan to an 
exhaust temperature of <30° C. 

Analysis by HPLC revealed an overall potency of 961 mg, 45 

and thus a drug overcoat potency of 211 mg. Dissolution 
testing using USP Apparatus 2 set to 37° C.±2° C. with 
paddles at 50 rpm, shown in FIG. 2, demonstrates substan
tially the entire immediate-release overcoat is dissolved in 
15 minutes and that controlled release is maintained for 50 

approximately 6 hours thereafter. Higher amounts of drug 
can be applied to the immediate release overcoat by using 
higher amounts of coating solution and extending the coat
ing time accordingly. 

TABLE 4A 

Standard Parameters for Sustained-Release Coating in 
Caleva Mini-Coater/Drier 2 

Parameter Setting 

TABLE 3A 

Parameters for Immediate-Release Overcoating with 8" Driarn Coater 

DRUG OVER-COATING AVERAGE RANGE 

INLET TEMPERATURE (0 C.) 59 55-63 
EXHAUST TEMPERATURE (0 C.) 51 50-53 
PRODUCT TEMPERATURE (0 C.) 43 41-49 
INLET AIRFLOW (PASCAL) >300 >300 
ATOMIZATION PRESSURE (BAR) 2 2 
SPRAY RATE (G/MIN) 16 14-17 
PAN SPEED (RPM) 8 7-8 

55 

60 

65 

Batch size 
Inlet temperature 
Air flow setting 
Solution flow rate 
Agitator setting 
Atomization pressure 
Gun position 

3-12 Tablets 
40° C. 
70-85% 
18 ml/hr 
32 
0.5 bar 
Adjusted to achieve desired deposition 

Example 5 

Effect of Membrane Weight with Hydroxypropyl 
Cellulose as Pore Former in Functional Coating 

Following procedures of Example 4, 12 tablets from 
Example 1 were coated with a film consisting of 36.5% 
HPC-EF, 5.0% dibutyl sebacate (DBS), and 58.5% EC-10 
(all percentages by weight) coated from a solution consisting 
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of 7% solids in 95/5 alcohol/water. The results shown in 
FIG. 4 demonstrate that controlled release over a relevant 
time period is achieved with membrane weights ranging 
from at least 21-60 mg/tablet, and that duration of delivery 
increases as the membrane weight increases. 

Example 6 

Effect of Poloxamer Level in Functional Coating 

24 
sponding to 4 cPs and 10 cPs viscosity for a 5% solution. 
Following procedures of Example 4, two solutions were 
prepared corresponding to 58.5 wt % ethylcellulose (EC-4 
or EC-10), 36.5 wt% HPC-EF, and 5.0 wt% DBS having 

5 7% w/w total components in 95/5 alcohol/water. Tablets 
from Example 1 were coated to 40 mg/tablet weight gain, 
and dissolution profiles are shown as FIG. 8. The results 
indicate both grades of ethylcellulose provide for acceptable 
profiles, and suggest that other ethylcellulose grades (such 

10 as 20 cPs) may also be acceptable. 
In addition to adjustment of membrane weight, another 

useful means of controlling release rate or duration is by 
adjustment of the pore-former content of the formulation. 
Following procedures of Example 4, two additional solu
tions consisting of (a) 25% P188 by weight/75% EC-10 by 15 

weight and (b) 40% P188 by weight/60% EC-10 by weight 
were prepared as 7% (w/w) solutions in 95/5 alcohol/water. 

Example 10 

Demonstration of Alcohol Ruggedness of 
Controlled Release Sodium Oxybate Tablets 

Co-administration of sustained-release dosage forms with 
In each of the two separate coatings, four tablets from 
Example 1 were coated to 41 mg. The dissolution profiles 
are shown in FIG. 5, along with that of the 40 mg set of 20 

Example 4 for comparison. The results demonstrate that 
poloxamer level can be adjusted at least over the range of 
25%-40% by weight, while still providing controlled release 

alcoholic beverages is a relevant concern, as ethanol is 
known to dissolve certain rate-controlling components that 
would not otherwise be dissolved. In some dosage forms, 
this may lead to dose-dumping. As ethanol is rapidly 
absorbed in the stomach, a relevant test involves dissolution 
of the dosage form in vodka ( 40% ethanol nominal) for 2 
hours (representing gastric retention time), followed by of the drug. 

Example 7 

Effect of Hydroxypropyl Cellulose Level in 
Functional Coating 

In a fashion similar to Example 6, the effect of HPC level 
in the functional coating was evaluated over the range of 
30%-50% by weight. Three separate coating solutions were 
prepared with 30%, 40%, and 50% HPC-EF; 5% DBS; and 
the balance EC-10. All solutions were prepared with 7% 
total components in 95/5 alcohol/water. In each coating, 4 
tablets from Example 1 were coated to 40-41 mg/tablet 
weight gain. The dissolution profiles shown in FIG. 6 
demonstrate controlled release of the drug was achieved 
with HPC levels of at least 30-50% by weight. 

Example 8 

Effect of Hydroxypropyl Cellulose Molecular 
Weight when used in Functional Coating 

Hydroxypropyl cellulose is supplied in several molecular 
weight grades, many of which may be suitable for use as 
pore-formers in ethylcellulose films. Two such grades (Klu
cel "EF" and "JF", supplied by Ashland) corresponding to 
80,000 daltons and 140,000 daltons were evaluated with 
other components fixed. Following procedures of Example 

25 normal dissolution in de-ionized water. 
This test was performed on sustained-release tablets from 

Example 9 (36.5 wt % HPC EF, 5 wt % DBS, 58.5 wt % 
EC-4 ). The analysis of sodium oxybate by conductivity was 
corrected for the different response in vodka vs. de-ionized 

30 water. The results shown in FIG. 9A indicate that dissolution 
is slower in Vodka, and that no dose-dumping occurred. 

Likewise, a similar test was performed on sustained
release tablets with a film comprised of 33 wt % Pl 88 and 
67 wt % EC-10. Those results, shown in FIG. 9B, also 

35 indicate slower release in vodka and no dose-dumping. 

40 

Example 11 

Aqueous Coating of Controlled Release Film 

Due to the hygroscopic nature of sodium oxybate, coating 
the rate-controlling film from an alcoholic solution is desir
able. However, use of ethylcellulose aqueous dispersions is 
attractive for environmental and cost considerations. A film 

45 consisting of 30 wt % HPC EF and 70 wt % Surelease 
(aqueous ethylcellulose dispersion) was deposited on tablets 
from Example 1 as follows. First, 1.37 grams of HPC EF 
was dissolved in 22.6 grams de-ionized water. This was then 
poured into 32.5 grams of Surelease E-7-19040-clear while 

50 stirring. Eight tablets were coated in the Caleva Mini-coater/ 
Drier 2 with flow rate of 15 ml/hr and 58° C. inlet tempera
ture. Samples removed at 24 mg and 40 mg were then tested 
for dissolution, with no post-coating heat treatment. The 
results are shown in FIG. 10. 

4, solutions were prepared with 40% HPC, 5% DBS, and 
55% EC-10 (all percentages by weight) using 7% total 
components in 95/5 alcohol/water. In each coating, 4 tablets 55 

from Example 1 were coated to 40-41 mg/tablet weight gain. 
The results shown in FIG. 7 demonstrate a modest effect of 
molecular weight and that the two grades tested provide for 
acceptable release profiles. 

Example 12 

Calcium Oxybate Controlled Release 

Example 9 

Effect of Ethylcellulose Molecular Weight or 
Viscosity 

Another consideration is the molecular weight, or viscos
ity, of ethylcellulose. Two grades were evaluated, corre-

60 A controlled release dosage form for delivery of calcium 
oxybate was prepared by generally following procedures of 
Example 1 found in U.S. Pat. No. 4,393,296 (Klosa, Pro
duction of Nonhygroscopic Salts of 4-Hydroxybutyric 
Acid). The isolated calcium oxybate was milled to pass 

65 through a 16-mesh screen. For this study, a small sample 
comprising 9.3 grams of calcium oxybate was blended with 
0.19 grams of sodium stearyl fumarate (Pruv, JRS Pharma, 
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Rosenberg, Germany). 800 mg aliquots of this 98% calcium 
oxybate and 2% sodium stearyl fumarate were then directly 
compressed into tablets using 0.325"x0.705" modified oval 
tooling and a Carver press with 1-ton applied force. Fol
lowing procedures of Example 4, nine tablets were coated 5 

with a film having 33%poloxamer 188 and 67% EC-10 from 

N 

26 
TABLE 5 

Summary of PK Parameters for Treatments A, B, C 

A_Z 
(1/hr) 

AUClast AUCinf 
T112 Cmax (hr*ug/ (hr*ug/ 
(hr) Tmax (hr) a (ug/ml) ml) ml) 

Treatment A 

29 29 29 

a solution of 7% w/w solids in 95/5 alcohol/water. Two 
tablets were removed at each intermediate coating weight 
corresponding to 20 mg, 32 mg, 41 mg, and finally at 60 mg. 
The dissolution profiles are shown as FIG. 11. These results 
using calcium oxybate follow the general behavior of 
sodium oxybate demonstrated in Example 4. 

10 Mean 
SD 

29 
1.22 
0.27 

21.93 
1.19 

0.60 4.50 (0.5, 4.75) 130.79 
0.13 

22.61 
0.58 

31.52 
24.10 

127.37 

29 
350.84 
116.74 
33.27 

29 
351.20 
116.74 
33.24 CV% 

Mean 
Treatment B 

333.33 333.72 

Example 13 

Clinical Evaluation of Controlled Release Dosage 
Forms 

15 N 
Mean 
SD 
CV% 
Mean 

18 18 19 19 19 18 
0.62 1.22 2.00 (1.50, 5.00) 41.78 188.23 196.25 
0.16 0.40 18.40 103.60 102.50 

26.44 32.58 44.03 55.04 52.23 
0.59 1.17 38.46 163.80 173.33 

An open-ended, randomized, crossover study was con- 20 
ducted to evaluate controlled release dosage forms as 
described herein. The controlled release dosage forms were 
formulated to deliver sodium oxybate and were compared to 
a sodium oxybate oral solution ( commercially available as 
Xyrem® (sodium oxybate) oral solution). The study was 25 

conducted in healthy male and female volunteers. 
Four different sodium oxybate formulations were admin

istered to patients. The first, designated herein as Treatment 
A, was the sodium oxybate oral solution containing 375 
mg/ml sodium oxybate. Treatments B through E, as desig- 30 

nated herein, involved administration of three controlled 
release dosage forms (Treatments B through D), with one of 
the controlled release dosage forms being used to administer 
two different doses of sodium oxybate (Treatments D and E). 

35 
The controlled release dosage forms administered as Treat-
ment B included 750 mg sodium oxybate per dosage form 
and were produced with a CR core and functional overcoat 
as described in Example 1 and Example 2, the controlled 
release dosage forms administered as Treatment C included 40 
750 mg sodium oxybate per dosage form and were produced 
as described in Example 1 and Example 4, and the controlled 
release dosage forms administered as Treatments D and E 
included 1,000 mg sodium oxybate per dosage form and 
were produced with a CR core (750 mg sodium oxybate), 45 

functional overcoat, and IR overcoat (250 mg sodium oxy
bate) as described in Examples 1 through 3. 

Patients were divided into two groups. The first group 
received Treatment A, Treatment B, and Treatment C over 
the course of the clinical study, with a washout period 50 

between each treatment. Treatment A was administered to 
each patient as two 3 g doses given four hours apart ( one 
dose at time zero and the second dose four hours later), for 

N 
Mean 
SD 
CV% 
Mean 

19 
0.74 
0.16 

22.25 
0.72 

Treatment C 

19 19 
0.99 2.50 (1.00, 5.00) 
0.23 

22.93 
0.96 

19 
50.49 
15.83 
31.35 
48.10 

19 
221.64 
106.85 
48.21 

200.08 

19 
222.60 
106.80 
47.98 

201.12 

The second group was administered Treatment A, Treat
ment D, and Treatment E during over the course of the 
clinical study, with a washout period between each treat
ment. Again, Treatment A was administered to each patient 
as two 3 g doses given four hours apart ( one dose at time 
zero and the second dose four hours later), for a total dose 
of 6 g sodium oxybate. Treatments D and E were adminis
tered to each patient only at time zero. Patients receiving 
Treatment D were administered 4 tablets at time zero, 
providing a total dose of 4 g sodium oxybate, and patients 
receiving Treatment E were administered 8 tablets at time 
zero, providing a total dose of 8 g sodium oxybate. Blood 
samples from each patient were taken at various intervals 
and analyzed by LC/MS for total sodium oxybate content in 
the plasma. A total of 30 patients received Treatment A, and 
a total of30 patients received Treatments D and E. The mean 
plasma concentration of sodium oxybate over time achieved 
by each of the treatments is shown in FIG. 14, and a 
summary of pharmacokinetic parameters provided by Treat
ments A through C are provided in Table 6. 

N 
Mean 
SD 

TABLE 6 

Summary of PK Parameters for Treatments A, D, E 

A_Z 
(1/hr) 

T112 

(hr) Tmax (hr) a 

Treatment A 

Cmax 
(ug/ml) 

30 30 30 
0.71 4.50 (0.50, 5.50) 114.59 

AUClast AUCinf 
(hr*ug/ (hr*ug/ 

ml) ml) a total dose of 6 g sodium oxybate. Treatments B and C were 
administered to each patient only at time zero, with each 55 

treatment being administered as 8 tablets, providing a total 
dose of 6 g sodium oxybate. Blood samples from each 
patient were taken at various intervals and analyzed by 
LC/MS for total sodium oxybate content in the plasma. A 
total of 29 patients received Treatment A, a total of 19 
patients received Treatment B, and a total of 19 patients 
received Treatment C. The mean plasma concentration of 
sodium oxybate over time achieved by each of the treat
ments is shown in FIG. 12 (Treatment A and Treatment B) 
and FIG. 13 (Treatment A and Treatment C), and a summary 

CV% 
60 

Mean 

30 
1.08 
0.31 

29.00 
1.03 

0.27 
37.90 

0.67 

27.91 
24.36 

111.20 

30 
301.28 
100.85 

33.47 
285.47 

30 
301.59 
100.87 
33.45 

285.79 

of pharmacokinetic parameters provided by Treatments A 
through Care provided in Table 5. 

N 
Mean 
SD 

65 CV% 
Mean 

30 
0.46 
0.14 

30.27 
0.44 

Treatment D 

30 30 
1.63 0.75 (0.50, 2.50) 
0.47 

29.00 
1.56 

30 
25.10 

7.33 
29.20 
24.01 

30 
64.44 
20.36 
31.60 
61.31 

30 
65.58 
20.26 
30.90 
62.55 
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TABLE 6-continued 

Surnm!![Y of PK Parameters for Treatments A, D, E 

AUClast AUCinf 
A_Z T112 Cmax (hr*ug/ (hr*ug/ 

(1/hr) (hr) Tmax (hr) a (ug/ml) ml) ml) 

Treatment E 

N 30 30 30 30 30 30 
Mean 0.59 1.36 1.00 (0.50, 5.00) 59.52 242.30 243.80 
SD 0.20 0.64 17.72 117.15 116.79 
CV% 34.57 46.91 29.77 48.35 47.91 
Mean 0.55 1.25 56.89 216.33 218.12 

a Tmax is summarized as median (min, max). 

5 

10 

28 
when tested in a dissolution apparatus 2 in deionized water 
at a temperature of 37° C. and a paddle speed of 50 rpm. 

3. The formulation of claim 1 wherein the formulation 
releases greater than about 90% of its gamma-hydroxybu
tyrate by 6 hours when tested in a dissolution apparatus 2 
when tested in a dissolution apparatus 2 in deionized water 
at a temperature of 37° C. and a paddle speed of 50 rpm. 

4. The formulation of claim 1 wherein the sustained 
release portion releases about 60% to about 90% of its 
gamma-hydroxybutyrate by about 6 hours when tested in a 
dissolution apparatus 2 in deionized water at a temperature 
of 37° C. and a paddle speed of 50 rpm. 

5. The formulation of claim 1 wherein the sustained 

15 release portion comprises hydrogenated vegetable oil, 
hydrogenated castor oil, or mixtures thereof. It will be obvious to those having skill in the art that many 

changes may be made to the details of the above-described 
embodiments without departing from the underlying prin
ciples of the invention. The scope of the present invention 
should, therefore, be determined only by the following 20 
claims. 

The invention claimed is: 
1. A formulation comprising immediate release and sus

tained release portions, each portion comprising at least one 25 

pharmaceutically active ingredient selected from gamma
hydroxybutyrate and pharmaceutically acceptable salts of 
gamma-hydroxybutyrate, wherein: 

6. The formulation of claim 1 comprising a calcium, 
lithium, potassium, sodium or magnesium salt of gamma
hydroxybutyrate or mixtures thereof. 

7. The formulation of claim 6 comprising a sodium salt of 
gamma-hydroxybutyrate. 

8. The formulation of claim 1 wherein the immediate 
release portion comprises 50% by weight of the total 
gamma-hydroxybutyrate. 

9. The formulation of claim 1, wherein the one or more 
methacrylic acid-methyl methacrylate co-polymers com
prise from about 30% to about 45% by weight of the 
functional coating. 

10. An oral dosage form comprising the formulation of 
30 claim 1. 

a. the sustained release portion comprises a functional 
coating and a core, wherein the functional coating is 
deposited over the core, wherein the core comprises at 
least one pharmaceutically active ingredient selected 
from gamma-hydroxybutyrate and pharmaceutically 
acceptable salts of gamma-hydroxybutyrate wherein 
the functional coating comprises one or more meth- 35 

acrylic acid-methyl methacrylate co-polymers that are 
from about 20% to about 50% by weight of the func
tional coating; the sustained release portion comprises 
about 500 mg to 12 g of at least one pharmaceutically 
active ingredient selected from gamma-hydroxybu- 40 

tyrate and pharmaceutically acceptable salts of gamma
hydroxybutyrate; and the sustained release portion 
releases greater than about 40% of its gamma-hydroxy
butyrate by about 4 to about 6 hours when tested in a 
dissolution apparatus 2 in deionized water at a tern- 45 

perature of 37° C. and a paddle speed of 50 rpm; 
b. the immediate release portion comprises about 75% 

and about 98% by weight of at least one pharmaceu
tically active ingredient selected from gamma-hy
droxybutyrate and pharmaceutically acceptable salts of 50 

gamma-hydroxybutyrate, and the amount of gamma
hydroxybutyrate and pharmaceutically acceptable salts 
of gamma-hydroxybutyrate in the immediate release 
portion is about 10% to 50% by weight of the gamma
hydroxybutyrate and pharmaceutically acceptable salts 55 

of gamma-hydroxybutyrate in the formulation; 
c. the formulation releases at least about 30% of its 

gamma-hydroxybutyrate by one hour when tested in a 
dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm; and 60 

d. the formulation releases greater than about 90% of its 
gamma-hydroxybutyrate by 8 hours when tested in a 
dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm. 

2. The formulation of claim 1 wherein the formulation 65 

releases greater than about 90% of its gamma-hydroxybu
tyrate by 7 hours when tested in a dissolution apparatus 2 

11. The formulation of claim 1 wherein the sustained 
release portion releases about 10% or less of its gamma
hydroxybutyrate by about 1 hour when tested in a dissolu
tion apparatus 2 in deionized water at a temperature of 37° 
C. and a paddle speed of 50 rpm. 

12. A formulation of at least one pharmaceutically active 
ingredient selected from gamma-hydroxybutyrate and phar
maceutically acceptable salts of gamma-hydroxybutyrate, 
comprising immediate release and a solid sustained release 
portions: 

a. wherein the immediate release portion comprises about 
55 mg to 12 g of at least one pharmaceutically active 
ingredient selected from gamma-hydroxybutyrate and 
pharmaceutically acceptable salts of gamma-hydroxy
butyrate; 

b. wherein the sustained release portion comprises from 
about 500 mg to 12 g of at least one pharmaceutically 
active ingredient selected from gamma-hydroxybu
tyrate and pharmaceutically acceptable salts of gamma
hydroxybutyrate and a functional coating deposited 
over a core comprising the at least one pharmaceuti
cally active ingredient, wherein the functional coating 
comprises one or more methacrylic acid-methyl meth
acrylate co-polymers that are from about 20% to about 
50% by weight of the functional coating; and the 
sustained release portion releases greater than about 
40% of its gamma-hydroxybutyrate by about 4 to 6 
hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of37° C. and a paddle 
speed of 50 rpm; 

c. the formulation releases at least about 30% of its 
gamma-hydroxybutyrate or salt thereof by one hour 
when tested in a dissolution apparatus 2 in deionized 
water at a temperature of 3 7° C. and a paddle speed of 
50 rpm; and 

d. the formulation releases greater than about 90% of its 
gamma-hydroxybutyrate by 8 hours when tested in a 
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dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm. 

* * * * * 

30 
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CONTROLLED RELEASE DOSAGE FORMS 
FOR HIGH DOSE, WATER SOLUBLE AND 

HYGROSCOPIC DRUG SUBSTANCES 

RELATED APPLICATIONS 

This application is a continuation of U.S. patent applica
tion Ser. No. 16/712,260, filed Dec. 12, 2019, which is a 
continuation of U.S. patent application Ser. No. 16/025,487, 
filed Jul. 2, 2018, which is a continuation of U.S. patent 
application Ser. No. 13/071,369, filed Mar. 24, 2011, now 
abandoned, which claims the benefit of U.S. Provisional 
Application No. 61/317,212, filed on Mar. 24, 2010, the 
contents of each of which are incorporated herein by refer
ence. 

TECHNICAL FIELD 

This disclosure relates to controlled release drug compo
sitions. 

BACKGROUND 

2 
sleep. These patients show specific regions of localized 
tenderness in the absence of demonstrable anatomic or 
biochemical pathology, and patients suffering from fibro
myalgia typically describe light and/or restless sleep, often 

5 reporting that they awaken feeling unrefreshed with pain, 
stiffness, physical exhaustion, and lethargy. See, H. D. 
Moldofsky et al., J. Muscoloskel. Pain, 1, 49 (1993). In a 
series of studies, Moldofsky's group has shown that aspects 
of the patients' sleep pathology are related to their pain and 

10 mood symptoms. That is, patients with fibrositis syndrome 
show an alpha (7.5 to 11 Hz) electroencephalographic 
(EEG), non-rapid-eye-movement (NREM) sleep anomaly 
correlated with musculoskeletal pain and altered mood. 
Moldofsky has interpreted this alpha EEG NREM sleep 

15 anomaly to be an indicator of an arousal disorder within 
sleep associated with the subjective experience of non
restorative sleep. See H. D. Moldofsky et al., Psychosom. 
Med., 37, 341 (1975). 

Fibromyalgia patients frequently report symptoms similar 
20 to those of patients with post-infectious neuromyasthenia, 

also referred to as chronic fatigue syndrome (CFS). CFS is 
a debilitating disorder characterized by profound tiredness 
or fatigue. Patients with CFS may become exhausted with 
only light physical exertion. They often must function at a For some drugs, it is difficult to formulate a controlled 

release dosage form that maintains an effective concentra
tion of the drug over a sustained period of time. In particular, 
drugs that are administered at a high dose, drugs having a 
low molecular weight, and drugs with high water solubility 
make formulation of a controlled release dosage form chal
lenging. For example, in the context of a controlled release 
drug formulation produced as a unit dosage form for oral 
administration, drugs that must be administered at a high 
dose constrain the amount of rate controlling excipients that 
can be used in formulating a drug composition that is both 
capable of sustained delivery of therapeutic doses of the 35 

drug and exhibits a size and shape suited to oral adminis
tration. Low molecular weight and high-solubility drugs 
may also readily permeate films and matrices that might 
otherwise be used to control release, and high solubility 
drugs are not suited to some drug delivery approaches, 
particularly where zero-order release kinetics are desired. 
An example of a drug that is administered at a high dose, has 

25 level of activity substantially lower than their capacity 
before the onset of illness. In addition to these key defining 
characteristics, patients generally report various nonspecific 
symptoms, including weakness, muscle aches and pains, 
excessive sleep, malaise, fever, sore throat, tender lymph 

30 nodes, impaired memory and/or mental concentration, 
insonmia, and depression. CFS can persist for years. Com
pared with fibromyalgia patients, chronic fatigue patients 
have similarly disordered sleep, localized tenderness, and 
complaints of diffuse pain and fatigue. 

Scharf et al. conducted an open-label study to evaluate the 
effects of GHB on the sleep patterns and symptoms of 
non-narcoleptic patients with fibromyalgia (Scharf et al., J 
Rheumatol 1998; 25: 1986-1990). Eleven patients with 
previously confirmed diagnosis of fibromyalgia who 

40 reported at least a 3-month history of widespread musculo
skeletal pain in all body quadrants and tenderness in a least 
5 specific trigger point sites participated in the study. Results 
showed that patients reported significant improvements in 
the subjective assessments of their levels of pain and fatigue 

a low molecular weight, and high water solubility, is 
gamma-hydroxy butyrate (GHB), particularly the sodium 
salt of GHB 

Initial interest in the use of GHB as a potential treatment 
for narcolepsy arose from observations made during the use 

45 over all 4 weeks of GHB treatment as compared to baseline, 
as well as a significant improvement in their estimates of 
overall wellness before and after GHB treatment. 

WO 2006/053186 to Frucht describes an open label study 
of 5 patients with hyperkinetic movement disorders includ-

50 ing ethanol responsive myoclonus and essential tremor. 

of GHB for anesthesia. Unlike traditional hypnotics, GHB 
induces sleep that closely resembles normal, physiologic 
sleep (Mamelak et al., Biol Psych 1977:12:273-288). There
fore, early investigators administered GHB to patients suf
fering from disorders of disturbed sleep, including narco
lepsy (Broughton et al. in Narcolepsy, NY, N.Y.: Spectrum 
Publications, Inc. 1976:659-668), where it was found to 
increase total nocturnal sleep time, decrease nocturnal awak- 55 

enings and increase Stage 3-4 (slow wave) sleep. Three 
open-label and two placebo-controlled studies provided a 
body of evidence demonstrating that improvements in noc
turnal sleep were associated with a reduction in cataplexy 
and improvements in excessive daytime sleepiness (Brough
ton et al., Can J. Neural Sci 1979; 6:1-6, and Broughton et 
al., Can J. Neural Sci 1980; 7:23-30). 

An estimated 6 million Americans suffer the often baffling 
symptoms of fibromyalgia or chronic fatigue syndrome. 
Patients with fibromyalgia, also referred to as fibromyalgia 
syndrome, FMS or fibrositis syndrome, report widespread 
musculoskeletal pain, chronic fatigue, and non-restorative 

Sodium oxybate, a sodium salt of GHB, was reported to 
produce dose-dependent improvements in blinded ratings of 
ethanol responsive myoclonus and tremor and was said to be 
tolerated at doses that provided clinical benefit. 

XYREM® sodium oxybate oral solution, the FDA 
approved treatment for cataplexy and excessive daytime 
sleepiness associated with narcolepsy, contains 500 mg 
sodium oxybate/ml water, adjusted to pH=7.5 with malic 
acid. In man, the plasma half-life of sodium oxybate given 

60 orally is about 45 minutes and doses of 2.25 grams to 4.5 
grams induce about 2 to 3 hours of sleep (See, L. Borgen et 
al., J. Clin. Pharmacol., 40, 1053 (2000)). Due to the high 
doses required and very short half-life of sodium oxybate, 
optimal clinical effectiveness in narcolepsy typically 

65 requires dosing of the drug twice during the night, with 
administration typically recommended at 2.5 to 4 hour 
intervals. For each dose, a measured amount of the oral 
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solution is removed from the primary container and trans
ferred to a separate container where it is diluted with water 
before administration. The second dose is prepared at bed
time and stored for administration during the night. 

Liang et al. (published U.S. patent application US 2006/ 5 

0210630 Al) disclose administration of GHB using an 
immediate release component and a delayed release com
ponent. The delayed release component of the formulations 
taught in Liang et al., however, function in a pH dependent 

10 manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

4 
controlled release dosage form as described herein dosed at 
4 g (Treatment D) and 8 g (Treatment E). 

DETAILED DESCRIPTION 

Formulations and dosage forms for the controlled release 
of a drug are described herein. Formulations described 
herein are suited to the controlled release of high dose drugs 
that are highly water soluble. In addition, in certain embodi
ments, the formulations described herein provide controlled 
release of drugs that are highly hygroscopic, even where 
such drugs must be administered at relatively high doses. In 
particular embodiments, the controlled release formulations 

FIG. 1 shows the delivery profile of sodium oxybate 
controlled release formulations as described herein. 

FIG. 2 shows the delivery profile of integrated dosage 
forms as described herein having an immediate release 
component and a controlled release component. 

15 
are provided as a unit dosage form, and in one such 
embodiment, the controlled release formulation is provided 
as a coated tablet. 

FIG. 3 provides a graph illustrating that the controlled 20 
release profile of dosage forms prepared according to the 
present description can be altered by altering the coating 
weight of a functional coating. 

FIG. 4 provides a graph further illustrating that the 
controlled release profile of dosage forms prepared accord- 25 

ing to the present description can be altered by altering the 
coating weight of a functional coating. 

FIG. 5 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
present description can be altered by altering the amount of 30 

pore former included within a functional coating. 
FIG. 6 provides a graph further illustrating that the 

controlled release profile of dosage forms prepared accord
ing to the present description can be altered by altering the 
amount of pore former included within a functional coating. 35 

FIG. 7 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
present description can be altered by varying the molecular 
weight of a pore former included within a functional coating. 

FIG. 8 provides a graph illustrating that suitable con- 40 

trolled release profiles from dosage forms prepared accord
ing to the present description can be achieved even with 
functional coatings formed using different grades of the 
same base polymer material. 

FIG. 9A and FIG. 9B provide graphs illustrating the 45 

effects of alcohol on the delivery profile of sustained-release 
formulations prepared as described herein. 

FIG. 10 provides a graph illustrating the controlled 
release performance achieved by dosage forms as described 
herein having functional coatings prepared from aqueous 50 

dispersions of ethylcellulose as the base polymer. 
FIG. 11 provides a graph illustrating the controlled release 

performance achieved by dosage forms as described herein 
incorporating calcium oxybate as the drug. 

FIG. 12 provides a graph illustrating the plasma concen- 55 

tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 
controlled release dosage form as described herein (Treat
ment B). 

FIG. 13 provides a graph illustrating the plasma concen- 60 

tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 
controlled release dosage form as described herein (Treat
ment C). 

FIG. 14. provides a graph illustrating the plasma concen- 65 

tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 

The formulations and dosage forms of the present inven
tion can also include an immediate release component. The 
immediate release component can form part of a controlled 
release (CR) unit dosage form or may be a separate imme-
diate release composition. Therefore, an immediate release 
(IR) component may be provided, for example, as a dry 
powder formulation, an immediate release tablet, an encap-
sulated formulation, or a liquid solution or suspension. 
However, the IR component may also be formulated as part 
of a single dosage form that integrates both the IR and CR 
components. In such an embodiment, the pharmaceutical 
formulation may be provided in the form of the coated tablet 
or capsule. 

In specific embodiments, controlled release and immedi
ate release formulations can be dosed together to a subject 
to provide quick onset of action, followed by maintenance of 
therapeutic levels of the drug substance over a sustained 
period of time. However, because the controlled release 
component and immediate release component described 
herein need not be present in a single dosage form, as it is 
used herein, the phrase "dosed together" refers to substan
tially simultaneous dosing of the controlled release and 
immediate release components, but not necessarily admin
istration in the same dosage form. Dosing the controlled 
release and immediate release components together offers 
increased convenience, allowing patients to quickly achieve 
and maintain therapeutic levels of a drug over a sustained 
period of time, while reducing the frequency with which the 
drug must be dosed. Furthermore, dosing the controlled 
release and immediate release components together may 
avoid the disadvantages of dosing regimens and formula
tions that result in highly pulsatile plasma concentrations. 

An example of a drug that may be used with the controlled 
release dosage forms described herein is GHB. It should be 
noted that embodiments of controlled release dosage forms 
comprising GHB, and other drugs, are presented herein for 
purposes of example only and not for purposes of limitation. 
The formulations and unit dosage forms provided herein can 
be utilized to achieve controlled release of GHB, as well as 
pharmaceutically acceptable salts, hydrates, tautomers, sol
vates and complexes of GHB. Suitable salts of GHB include 
the calcium, lithium, potassium, sodium and magnesium 
salts. The structure of the sodium salt of GHB, sodium 
oxybate, is given as formula (I): 
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Methods of making GHB salts are described, for example, in 
U.S. Pat. No. 4,393,236, which is incorporated herein by 
reference. 

6 
to about 8 hours, about 5 to about 7 hours, and about 6 to 
about 10 hours, about 6 to about 9 hours, and about 6 to 
about 8 hours. 

Formulating GHB into a unit dosage form presents vari
ous challenges, and such challenges are magnified in the 5 

context of formulating a unit dosage form providing con
trolled release of GHB. For instance, GHB is very soluble, 
generally requires a relatively high dose, has a low molecu-

The compositions described herein facilitate production 
of controlled release dosage forms that provide a substan
tially constant drug release rate. In one embodiment, the 
controlled release dosage forms may be formulated to 
deliver not more than approximately 30% of the drug 
initially contained within the controlled release dosage form lar weight, and exhibits a short circulating half-life once 

administered. Therefore, a controlled release unit dosage 10 

form of GHB should be configured to deliver large doses of 
drug over a prolonged period of time, while being accept
ably sized for oral administration. However, controlled 
release formulations typically require the addition of sig
nificant amounts of excipients or rate controlling materials 15 

to control the delivery of drug, and the presence and need for 
such materials often limits the drug loading available for a 
given controlled release technology. Additionally, low 
molecular weight drugs, such as GHB, typically exhibit high 
permeability through films and matrices. Even further, high 20 

water solubility increases drug mobility and may preclude 
the use of some approaches utilized to achieved a controlled 
release dosage form. 

in the first hour post-administration. When referencing the 
amount of drug initially contained in the controlled release 
dosage form or "initial drug content" of the controlled 
release dosage form, for purposes of the present description, 
such amount refers to the total amount of drug included in 
the controlled release composition prior to administration to 
a patient. 

As is detailed herein, the controlled release dosage forms 
according to the present description include a controlled 
release component (also referred to as a controlled release 
"formulation") and, optionally, an immediate release com
ponent (also referred to as an immediate release "formula-
tion" or an immediate release "coating"). In specific embodi
ments, the controlled release dosage forms described herein 
may be formulated to deliver drug to the gastro-intestinal 
tract at desired rates of release or release profiles. For 
example, in some embodiments, controlled release dosage 
forms as described herein are formulated to release to the 
gastro-intestinal tract not more than about 10% to about 60% 
of the drug initially contained within the controlled release 
component of the controlled release dosage form during the 
first two hours post-administration, and not more than about 
40% to about 90% of the drug initially contained within the 
controlled release component of the controlled release dos
age form during the first four hours post-administration. In 

Another challenge to achieving a formulation capable of 
delivering GHB over a sustained period of time is the fact 25 

that some forms of GHB, such as the sodium salt of GHB, 
sodium oxybate, are extremely hygroscopic. As used herein, 
the term "hygroscopic" is used to describe a substance that 
readily absorbs and attracts water from the surrounding 
environment. The hygroscopic nature of sodium oxybate 30 

presents significant challenges to the formulation, produc
tion, and storage of dosage forms capable of delivering 
sodium oxybate over a sustained period of time. Despite the 
challenges noted, formulations and unit dosage forms pro
viding controlled release of GHB are described herein. 35 other embodiments, controlled release dosage forms as 

described herein are formulated to release to the gastro
intestinal tract not more not more than about 40% of the drug 
initially contained within the controlled release component 
in the first hour post-administration, not more than about 

A. Controlled Release Formulations 
As used herein, the term "controlled release" describes a 

formulation, such as, for example, a unit dosage form, that 
releases drug over a prolonged period of time. The con
trolled release compositions described herein may be pro
vided as a unit dosage form suitable for oral administration. 
In each embodiment of the controlled release compositions 
described herein, the drug incorporated in such composi
tions may be selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB. 

In certain embodiments, the controlled release composi
tions described herein are formulated as unit dosage forms 
that deliver therapeutically effective amounts of drug over a 
period of at least 4 hours. For example, controlled release 
unit dosage forms as described herein may be formulated to 
deliver therapeutically effective amounts of drug over a 
period selected from about 4 to about 12 hours. In specific 
embodiments, the controlled release dosage forms described 
herein deliver therapeutically effective amounts of drug over 
a period selected from about 4, about 5, about 6, about 7, 
about 8, about 9, about 10 hours, and about 12 hours. In 
other such embodiments, the controlled release dosage 
forms deliver therapeutically effective amounts of drug over 
a period selected from a range of about 4 to about 10 hours, 
about 5 to about 10 hours, about 5 to about 12 hours, about 
6 to about 10 hours, about 6 to about 12 hours, about 7 to 
about 10 hours, about 7 to about 12 hours, about 8 to about 
10 hours, and from about 8 to about 12 hours. In yet other 
embodiments, the controlled release dosage forms deliver 
therapeutically effective amounts of drug over a period 
selected from a range of about 5 to about 9 hours, about 5 

40 60% of the drug initially contained within the controlled 
release component during the first two hours post-adminis
tration, and not more than about 90% of the drug initially 
contained within the controlled release component during 
the first four hours post-administration. In still other 

45 embodiments, a controlled release dosage form as described 
herein may be formulated to release to the gastro-intestinal 
tract not more than about 30% of the initial drug content in 
the controlled release component in the first hour post
administration, not more than about 60% of the initial drug 

50 content in the controlled release component during the first 
two hours post-administration, and not more than about 90% 
of the initial drug content of the controlled release compo
nent during the first four hours post-administration. In other 
embodiments, a controlled release dosage form as described 

55 herein may be formulated to release to the gastro-intestinal 
tract not more than about 50% of the initial drug content of 
the controlled release component during the first hour post
administration, between about 50 and about 75% of the 
initial drug content of the controlled release component after 

60 two hours, and not less than 80% of the initial drug content 
of the controlled release component after four hours post 
administration. In still other embodiments, a controlled 
release dosage form as described herein may be formulated 
release to the gastro-intestinal tract not more than about 20% 

65 of the initial drug content of the controlled release compo
nent during the first hour post-administration, between about 
5 and about 30% of the initial drug content of the controlled 
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also providing GHB plasma concentrations of at least 10 
µg/mL over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours. 

Drug delivery performance provided by the dosage forms 
described herein can be evaluated using a standard USP type 
2 or USP type 7 dissolution apparatus set to 37° C.±2° C. 
under the conditions described, for example, in the experi
mental examples provided herein. The dissolution media 

release component after two hours, between about 30% and 
about 50% of the initial drug content of the controlled 
release component after 4 hours, between about 50% and 
about 70% of the initial drug content of the controlled 
release component after 6 hours, and not less than about 5 

80% of the initial drug content of the controlled release 
component after 10 hours post administration. In yet other 
embodiments, a controlled release dosage form as described 
herein may be formulated to release to the gastro-intestinal 
tract not more than about 20% of the initial drug content of 
the controlled release component after the first hour post
administration, between about 20% and about 50% of the 
initial drug content of the controlled release component after 

10 may be selected from dissolution media known by those of 
skill in the art such as at least one of purified water, 0.lN 
HCl, simulated intestinal fluid, and others. 

In particular embodiments, the controlled release formu
lations described herein work to reduce inter patient vari-2 hours, between about 50% and about 80% of the initial 

drug content of the controlled release component after 4 
hours, and not less than 85% of the initial drug content of the 
controlled release component after 8 hours post-administra
tion. The rate and extent of the absorption of GHB varies 
along the length of the GI tract with lower amounts absorbed 
in the more distal portions (i.e., the ileum and the colon). 

Due to the rapid clearance ofGHB from the plasma, when 
GHB is administered in an immediate release formulation, 
even large doses of the drug ( e.g., a dose of between about 
2.25 g and 4.5 g) generally result in plasma levels below 10 
ug/mL within 4 hours of ingestion. In order to achieve 
therapeutic efficacy, therefore, a second, equal, dose is often 
required within 4 hours after administration of the first dose, 
and some patients may require administration of a second as 
soon as 2.5 hours after administration of the first dose. In 
such an instance, in order to maintain therapeutic efficacy, 
4.5 g to 9 g of drug must be administered to the patient in 
two separate doses within 2 to 5 hours. This also requires 
that the second dose be administered during the night, which 
requires that the patient be awakened to take the second 
dose. The result is that the Cmax/Cmin ratio of GHB over an 
six hour period can be greater than 4 and is often greater than 

15 ability in delivery of GHB. In particular, controlled release 
formulations described herein provide time dependent 
release of GHB over a sustained period of time. Previous 
references have described targeted release dosage forms of 
GHB that function in a pH dependent manner. However, due 

20 to inter-subject variability in gastrointestinal pH conditions, 
delivery of GHB from such dosage forms can be inconsis
tent. Moreover, because relatively high doses of GHB are 
typically required for therapeutic effect, unit dosage forms of 
GHB are also relatively large and may be retained for a 

25 period of time in the stomach, which can lead to intra- and 
inter-patient variability in dose delivery of GHB from pH 
dependent delivery systems due to variability in gastric 
retention time. Further, patients with fibromyalgia have an 
increased chance of also suffering from irritable bowel 

30 syndrome (see, e.g., Fibromyalgia in patients with irritable 
bowel syndrome. An association with the severity of the 
intestinal disorder, Int J Colorectal Dis. 2001 August; 16( 4): 
211-5.) Irritable bowel syndrome is also associated with 
delayed gastric emptying and variable gastric emptying (see, 

35 e.g., Dyspepsia and its overlap with irritable bowel syn
drome, Curr Gastroenterol Rep. 2006 August; 8( 4):266-72.) 
Therefore many patients with fibromyalgia and suffering 
from irritable bowel syndrome may experience more vari
ability in gastric transit or prolonged gastric transit. By 

8. In certain embodiments, for a given dose of GHB, 
administration of GHB using controlled release dosage 
forms as described herein can achieve a rapid rise in plasma 
concentrations of GHB, but with a prolonged duration of 
plasma levels above 10 µg/mL. In certain such embodi
ments, a GHB controlled release dosage form as described 
herein provides a Cmax to Cmin ratio of GHB over a 
prolonged period of time after administration selected from 
less than 3 and less than 2. Therefore, in specific embodi- 45 

ments, the controlled release dosage forms described herein 
provided controlled delivery of GHB that results in a Cmax 

40 operating in a time dependent manner once placed in an 
aqueous environment, controlled release formulations 
described herein offer consistent GHB delivery characteris
tics and reduce the likelihood of undesirable intra- and 
inter-patient inconsistencies in dose delivery that may result 
from variances in gastric retention time that can occur 
between different patients and different patient populations. 

Controlled release formulations described herein may be 
formulated to completely release a drug within a desired 
time interval. As has been reported, the bioavailability of 

to Cmin ratio ofGHB selected from less than 3 and less than 
2 over a period of time selected from up to about 5 hours, 
up to about 6 hours, up to about 7 hours, up to about 8 hours, 
up to about 9 hours, and up to about 10 hours. For example, 
in particular embodiments, the controlled release dosage 
forms described herein provided controlled delivery of GHB 
that results in a Cmax to Cmin ratio of GHB selected from 
less than 3 over a period of time selected from up to about 
5 hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours, while 
also providing GHB plasma concentrations of at least 10 
µg/mL over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours. In 
still other embodiments, the controlled release dosage forms 
described herein provided controlled delivery of GHB that 
results in a Cmax to Cmin ratio of GHB selected from less 
than 2 over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours, while 

50 GHB decreases in the lower GI, with bioavailability decreas
ing the lower the drug is delivered in the GI (See, e.g., U.S. 
Patent Publication No. US2006/0210630). Therefore, in 
certain embodiments, the controlled release dosage forms 
are provided that deliver substantially all the GHB contained 

55 therein over a sustained period of time that is long enough 
to increase patient convenience, yet short enough to reduce 
dosing of GHB in the lower GI. In specific embodiments, 
controlled release GHB dosage forms are provided that 
deliver approximately 90% or more of the GHB contained 

60 within the controlled release formulation within about 4 to 
about 10 hours of administration. For example, dosage 
forms for the controlled release of GHB as described herein 
may be formulated to deliver approximately 90% or more of 
the drug included within the controlled release formulation 

65 within about 4, 5, 6, 7, 8, 9, 10, or 12 hours of administra
tion. In one such embodiment, a dosage form for the 
sustained delivery of GHB according to the present descrip-
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tion is formulated to deliver more than 90% of the GHB 
included within the controlled release formulation within 12 
hours post-administration. Such embodiments serve to not 
only provide controlled release of GHB, but they also work 
to deliver GHB where bioavailability is highest, which can 
also provide increased dose consistency. 

The controlled release dosage forms described herein may 
comprise a relatively high concentration of drug that can, in 
some instances, harm a patient if the formulation releases the 
drug at a rate that is faster than the intended sustained rate. 
This rapid release of the drug is sometimes referred to as 
"dose dumping." To avoid this potential danger, certain 
embodiments of the controlled release dosage forms 
described herein may comprise formulations that are resis
tant to dose dumping. Some users may intentionally attempt 
to increase the drug release rate of the controlled release 
dosage form using alcohol (e.g., potential abusers may take 
the controlled release dosage form prior to, simultaneously 
with, or after consuming an alcoholic beverage or, alterna
tively, may seek to extract the drug from the controlled 
release dosage form by placing the dosage form in solution 
containing alcohol). Other users may take the dosage form 
with alcohol, not necessarily in a manner considered abuse 
of the drug or alcohol, but without regard for the potential 
risks of dose dumping or contraindication of the two sub
stances. In one embodiment, a controlled release dosage 
form as disclosed herein may include a coating composition 
that is resistant to alcohol or that does not dissolve substan
tially faster in alcohol. In one such embodiment, the con
trolled release dosage form may comprise the drug sodium 
oxybate and include a coating composition including ethyl
cellulose that is resistant to dose dumping in alcohol. In 
another embodiment, the controlled release dosage form 
may include a coating composition that is resistant to dose 
dumping after administration. For example, the controlled 
release dosage form may include a coating composition that 
is resistant to dose dumping in the GI tract after being 
exposed to gastric fluid and intestinal fluid. 

In certain embodiments, the controlled release formula
tions described herein are provided as a coated tablet com
position having a controlled release core coated by a func
tional overcoat. The composition of the controlled release 
core provided in such embodiments facilitates high drug 
loading, thereby, rendering the coated tablet suitable for 
formulation and sustained delivery of drugs administered at 
high doses. The functional overcoat works to control deliv
ery of drug from the controlled release core and maintain the 
structural integrity of the dosage form over time. In addition 

10 
mg to about 12 g of drug in one or more tablets. In particular 
embodiments, a CR core included in a controlled release 
dosage form according to the present description may 
include an amount of drug selected from about 100 mg to 

5 about 2,000 mg. In some such embodiments, the amount of 
drug included in the CR core may be selected from up to 
about 250 mg, 400 mg, 500 mg, 600 mg, 700 mg, 750 mg, 
800 mg, 900 mg, 1,000 mg, 1,100 mg, 1,200 mg, 1,400 mg, 
1,500 mg, 1,600 mg, 1,700 mg, 1,800 mg, 1,900 mg, and 

10 2,000 mg. In certain such embodiments, the amount of drug 
included in a CR core as described herein may range from 
about 500 mg to about 2,000 mg, such as, for example, about 
500 mg to 1,000 mg, about 600 mg to 1,000 mg, about 600 
mg to 900 mg, about 600 mg to 800 mg, about 700 mg to 

15 1,000 mg, about 700 mg to 900 mg and about 700 mg to 850 
mg. In other such embodiments, the amount of drug 
included in a CR core as described herein may range from 
about 700 mg to about 2,000 mg, such as, for example, about 
700 mg to 1,500 mg, about 700 mg to 1,400 mg, about 700 

20 mg to 1,300 mg, about 700 mg to 1,200 mg, about 700 mg 
to 1,100 mg, about 700 mg to 1,000 mg, about 700 mg to 900 
mg, and about 700 mg to 850 mg. 

In one embodiment, the controlled release dosage form 
comprises a CR core wherein the relative amount drug in the 

25 CR core is at least 90% or greater by weight. In another 
embodiment, the relative amount of drug in the CR core 
ranges from between about 90% and 98%, about 91% and 
98%, about 92% and 98%, about 93% and 98%, about 94% 
and 98%, about 95% and 98%, about 96% and 98%, and 

30 between about 97% and 98% by weight of the CR core. In 
yet another embodiment, the relative amount of drug in a CR 
core may be present at an amount selected from about 90%, 
91 %, 92%, 93%, 94%, 95%, 96%, 97%, and 98% by weight 
of the CR core. In certain such embodiments, the amount of 

35 drug in the CR core may range from about 94 to 98%, 94 to 
97%, 94 to 96%, 95 to 98%, 95 to 97%, and 95 to 96.5 by 
weight of the CR core. 

In one embodiment, the controlled release dosage form 
comprises a CR core that includes drug substance in com-

40 bination with one or more excipients, such as binders, fillers, 
diluents, disintegrants, colorants, buffering agents, coatings, 
surfactants, wetting agents, lubricants, glidants, or other 
suitable excipients. In one embodiment, a CR core as 
disclosed herein can include one or more binders that are 

45 known for use in tablet formulations. In one such embodi-
ment, a CR core may include at least one binder selected 
from hydroxypropyl cellulose (HPC), ethylcellulose, 
hydroxypropyl methylcellulose (HPMC), hydroxyethyl cel-

to the controlled release core and functional overcoat, the 
coated tablet composition as described herein may further 50 

include a moisture barrier or cosmetic coating disposed over 
the functional overcoat. 

lulose, povidone, copovidone, pregelatinized starch, dextrin, 
gelatin, maltodextrin, starch, zein, acacia, alginic acid, car
bomers ( cross-linked polyacrylates ), polymethacrylates, car-
boxymethylcellulose sodium, guar gum, hydrogenated veg
etable oil (type 1), methylcellulose, magnesium aluminum 
silicate, and sodium alginate. In specific embodiments, the 

I. Controlled Release Component 
Where the controlled release formulations described 

herein are formulated as a coated tablet having a controlled 
release core (CR core), the CR core includes at least one 
drug substance to be delivered from the controlled release 
dosage form. The drug included in the CR core may be 
selected from GHB and pharmaceutically acceptable salts, 
hydrates, tautomers, solvates and complexes of GHB. 
Examples of suitable salts of GHB include the calcium, 
lithium, potassium, sodium and magnesium salts. The CR 
core is formulated and configured to be suitable for oral 
administration. In one embodiment, coated tablets as 
described herein may be administered to provide a dose of 
GHB or a pharmaceutically acceptable salt, hydrate, tau
tomer, solvate or complex of GHB in a range of about 500 

55 CR core included in a controlled release dosage form as 
disclosed herein may comprise binder levels ranging from 
approximately 1 % to 10% by weight. For example, the CR 
core may include a binder in an amount selected from about 
1 %, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 6%, 7%, 

60 8%, 9%, and 10% by weight. In certain such embodiments, 
the amount of binder included in the CR core may range 
from about 1 to 2%, 1 to 3%, 1 to 4%, 1 to 5%, 1 to 6%, 1 
to 7%, 1 to 8%, 1 to 9% and 1 to 10% by weight. 

The CR core may include one or more lubricants to 
65 improve desired processing characteristics. In one embodi

ment, the CR core may include one or more lubricants 
selected from at least one of magnesium stearate, stearic 

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 54 of 254 PageID #: 11329



US 10,813,885 Bl 
11 12 

acid, calcium stearate, hydrogenated castor oil, hydroge
nated vegetable oil, light mineral oil, magnesium stearate, 
mineral oil, polyethylene glycol, sodium benzoate, sodium 
stearyl fumarate, and zinc stearate. In another embodiment, 
one or more lubricants may be added to the CR core in a 5 

range of about 0.5% to 5% by weight. In particular embodi
ments, a CR core as disclosed herein may comprise a 
lubricant in a range of about 0.5% to 2% by weight, about 

the coating composition is formulated to facilitate controlled 
release of a drug selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB. In one such embodiment, the coating 
composition is sufficiently robust to preserve the integrity of 
the coated tablet pre- and post-administration, yet is subject 
to disintegration or crushing as it passes through a patient's 
gastrointestinal tract and after all or substantially all the drug 
substance contained within the controlled release formula-1 % to 2% by weight, about 1 % to 3% by weight, about 2% 

10 tion has been delivered. Such a feature reduces the risk that to 3% by weight, and about 2% to 4% by weight. In one such 
embodiment, one or more lubricants may be present in the 
CR core in an amount selected from about 0.5%, 1 %, 1.5%, 
2%, 2.5%, 3%, 3.5%, 4%, 4.5%, and 5% by weight. Still 
lower lubricant levels may be achieved with use of a 
"puffer" system during tabletting, which applies lubricant 15 

directly to the punch and die surfaces rather than throughout 
the formulation. 

bezoars formed from intact dosage form shells will form or 
be maintained within the GI tract of a patient, which may be 
of particular concern where the drug to be delivered must be 
administered at high doses using multiple unit dosage forms. 

In one embodiment, a functional coating composition as 
disclosed herein may control, at least in part, the rate of 
release of the drug to be delivered from the CR core into the 
gastrointestinal tract. In one embodiment, the functional 
coating composition provides a functional coat that partly or 

The CR core may also include one or more surfactants. In 
certain embodiments, the CR core may include a tableted 
composition that may comprise one or more surfactants 
selected from, for example, ionic and non-ionic surfactants. 
In one such embodiment, CR core may include at least one 
anionic surfactant, including docusate sodium (dioctyl sul
fosuccinate sodium salt) and sodium lauryl sulfate. In yet 
another embodiment, the CR core may include at least one 
non-ionic surfactant selected from including polyoxyethyl
ene alkyl ethers, polyoxyethylene stearates, poloxamers, 
polysorbate, sorbitan esters, and glyceryl monooleate. In 
specific embodiments, one or more surfactants included in a 
CR core as disclosed herein may be present, for example, in 
an amount ofup to about 3.0% by weight of the CR core. For 
example, in certain embodiments, the CR core may include 
one or more surfactants present in a range selected from 
about 0.01 % to 3%, about 0.01 % to 2%, about 0.01 % to 1 %, 
about 0.5% to 3%, about 0.5% to 2%, and about 0.5% to 1 % 
by weight of the CR core. 

The CR core included in controlled release dosage form 
as disclosed herein may also include fillers or compression 
aids selected from at least one oflactose, calcium carbonate, 
calcium sulfate, compressible sugars, dextrates, dextrin, 
dextrose, kaolin, magnesium carbonate, magnesium oxide, 
maltodextrin, mannitol, microcrystalline cellulose, pow
dered cellulose, and sucrose. In another embodiment, a CR 
core may be prepared by blending a drug and other excipi
ents together, and the forming the blend into a tablet, caplet, 
pill, or other dosage form according to methods known by 
those of skill in the art. In certain embodiments, a controlled 
release formulation as described herein may comprise a 
solid oral dosage form of any desired shape and size 
including round, oval, oblong cylindrical, or triangular. In 
one such embodiment, the surfaces of the CR core may be 
flat, round, concave, or convex. 

The CR core composition included in a controlled release 
formulation provided as a coated tablet dosage form as 
described herein may be manufactured using standard tech
niques, such as wet granulation, roller compaction, fluid bed 
granulation, and direct compression followed by compres
sion on a conventional rotary tablet press as described in 
Remington, 20th edition, Chapter 45 (Oral Solid Dosage 
Forms). 

II. Functional Coating Composition 
Where the controlled release formulations as described 

herein are provided as a coated tablet composition, the CR 
core is coated with a functional coating. The coating com
position works to preserve the integrity of the unit dosage 
form post administration and serves to facilitate controlled 
release of drug from the CR core. In certain embodiments, 

20 fully covers the CR core included in the controlled release 
dosage form. In one embodiment, the functional coating 
composition as disclosed herein may include a polymer or 
blends of compatible polymers that are water soluble or that 
are water insoluble and selected to exhibit desired perme-

25 ability characteristics. In one embodiment, the functional 
coating composition has a permeability that may be adjusted 
according the solubility of the drug used in the CR core. In 
one such embodiment, the functional coating composition 
may comprise one or more water insoluble polymers that 

30 may swell but do not substantially dissolve in the GI tract. 
For example, in particular embodiments, a functional coat
ing composition as disclosed herein may comprise a rate
limiting film that includes at least one of ethylcellulose, 
cellulose acetate, such as CA-398. In other embodiments, 

35 the functional coating may include combinations of ethyl
cellulose with ammonia methacrylate copolymers, such as 
EUDRAGIT RS, EUDRAGIT RL, and combinations 
thereof. Suitable ethylcellulose materials are readily com
mercially available, and include, for example, ETHOCEL 

40 ethylcellulose polymers. Where ethylcellulose is used to 
form the functional coating, the physical characteristics of 
the coating composition and residual shell may be modified 
by adjusting the molecular weight of the ethylcellulose. For 
example, different grades of ethylcellulose, including, but 

45 not limited to, 4 cP, 7 cP, 10 cP, and 20 cP grades, may be 
used to achieve a coating composition having desired physi
cal characteristics. 

A functional coating composition as disclosed herein may 
include one or more base polymer and at least one pore-

50 former. In one embodiment, the base polymer content may 
range from about 50% to about 80% by weight of the coating 
composition. In certain embodiments, the base polymer may 
be present in an amount ranging from about 50% to 75%, 
about 55% to 75%, about 60% to 75%, and about 65% to 

55 75% by weight of the coating composition. In one such 
embodiment, the base polymer may be present in an amount 
selected from about 50%, 55%, 60%, 65%, 70%, 75%, and 
80% by weight of the coating composition. In cases where 
a filler material is used (e.g., insoluble, non film-forming 

60 material such as magnesium stearate, talc, or fumed silica), 
these limits apply to the composition of the remaining 
non-filler components in the film. 

The permeability of the base polymer included in a 
functional coating as described herein may be modified by 

65 including a pore former in the base polymer. In one such 
embodiment, the functional coating composition including 
the pore former may be obtained by combining the pore 

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 55 of 254 PageID #: 11330



US 10,813,885 Bl 
13 

former with the base polymer material in solution according 
to conventional techniques. A pore former as disclosed 
herein may include at least one polymeric pore former, such 

14 

as hydroxyalkyl cellulose, hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, polyethylene glycols, polyvinyl 5 

alcohol, povidone, copovidone, and poloxamers, such as 
188 or 407. In one embodiment, a pore former as disclosed 
herein may include at least one small-molecule pore former, 
such as a water soluble sugar or organic acid, including, for 
example, citric acid or sorbitol. In one such embodiment, a 10 

small-molecule pore former may be water soluble active 
agent, such as a pharmaceutically acceptable salt of GHB. In 
yet another embodiment, the pore former may comprise a 
polymer that expands in the presence of the drug included in 

15 
the CR core, wherein expansion of the pore former may 
cause an increase in permeability of the functional coating 
composition. For example, in some embodiments, the func
tional coating composition may comprise a pore former that 
that expands or swells in the presence of sodium oxybate. In 20 

one such embodiment, the pore former includes a suitable 
carbomer. 

The functional coating composition as disclosed herein 
may also include an anti-tack agent. For example, certain 
embodiments of the functional coating composition may 
include an anti-tack agent selected from one or more of talc, 
glyceryl monostearate, and magnesium stearate. Many of the 
anti-tack agents are also suitable fillers. Addition of fillers, 
especially magnesium stearate, is one way to make the film 
more brittle and the dosage form more prone to crushing as 
it transits through the GI. Depending on forces encountered 
in the GI, varying the filler level in the film may allow one 
to adjust the duration, or extent of drug delivered, at which 
breach of the film and abrupt release of remaining contents 
occurs. 

The functional coating composition as disclosed herein 
may be applied to a CR core at a weight that facilitates a 
suitable combination of sustained drug release and dosage 
form structural integrity. In certain embodiments, the func
tional coating composition may be applied at a weight of 
about 10 to about 100 mg. In particular embodiments, for 
example, the functional coating may be applied at a weight 
selected from about 20 to 60 mg, about 20 to 50 mg, about 
20 to 40 mg, about 20 to 30 mg, about 30 to 60 mg, about 
30 to 50 mg, about 30 to 40 mg, about 40 to 60 mg, about 
40 to 50 mg, and about 50 to 60 mg. These ranges are useful 

Where used in the functional coating composition, a pore 
former or a pore-forming agent can be selected to modify the 
permeability of the coating composition provided over the 
CR core. For example, the permeability of the functional 
coating composition may be increased by including one or 
more pore formers or pore-forming agents in the coating 
composition. In one embodiment, the pore formers disclosed 
herein may be soluble in water. In one such embodiment, 
when a CR dosage form comprising a functional coating 
composition with at least one pore former is swallowed by 
a patient and contacted with gastric fluid, the water-soluble 
pore formers may dissolve and form pores or channels in the 
coating through which the drug is released. It is possible to 
use an enteric component as part or all of the pore former in 
the coating composition. Examples of such materials that 
may be used as a pore former in the context of the present 
description include cellulose acetate phthalate, methacrylic 
acid-methyl methacrylate copolymers, and polyvinyl acetate 
phthalate. However, incorporating enteric components in the 
film may result in delivery characteristics that exhibit some 
level of sensitivity to gastric and intestinal transit times. 

Where included, the amount and nature of the pore former 
included in the functional coating composition can be 
adjusted to obtain desired release rate characteristics for a 
given drug substance. In one embodiment, the functional 
coating composition may include an amount of pore former 
that ranges from about 20% to about 50% by weight of the 
coating composition. For example, the pore former may be 
present in an amount ranging from about 20% to 45%, about 
25% to 45%, about 30% to 45%, and about 35% to 45% by 
weight of the functional coating composition. In one such 
embodiment, the pore former may be present in an amount 
selected from about 20%, 25%, 30%, 35%, 40%, 45%, and 
50% by weight of the functional coating composition. 

The functional coating composition as disclosed herein 
may also comprise one or more plasticizers. In certain 
embodiments, the functional coating composition may 
include a plasticizer such as triethyl citrate or dibutyl 
sebacate. In one such embodiment, a plasticizer may be 
present in the functional coating composition in an amount 
ranging from about 5% to 15% by weight relative to the base 
polymer. In certain embodiments, the functional coating 
composition may include a plasticizer in an amount selected 
from about 5%, 8%, 10%, 12%, and 15% by weight relative 
to the base polymer. 

25 for oval tablets of about 500 mg to about 1000 mg in weight. 
Alternatively, for a given tablet size or weights, the func
tional coating composition as disclosed herein may be 
applied at between about 2.5% and 7.5% of the tablet 
weight. For example, in one such embodiment, where the 

30 tablet is a 2,000 mg oval tablet, a functional coating com
position may be applied at a weight ranging from about 50 
mg to about 150 mg. 

In addition to adjusting the amount or nature of the pore 
former included in the functional coating composition, the 

35 release rate of drug provided by the controlled release 
dosage form disclosed herein may be adjusted by modifying 
the thickness or weight of the functional coating composi
tion. For example, a more rapid release rate will generally be 
achieved as the amount of a given pore former included in 

40 the functional coating composition is increased or the thick
ness or weight of the coating composition applied over the 
CR core is decreased. Conversely, a slower or more con
trolled release may be achieved, generally, as relatively less 
of a given pore former is included in the functional coating 

45 composition or the thickness or weight of the coating 
composition applied to the CR core is increased. Addition
ally, in certain embodiments, the release rate of drug from 
the CR core may be adjusted by modifying the water content 
of the functional coating composition. For example, increas-

50 ing the water content of the functional coating composition 
may increase the release rate of drug the CR core. 

The functional coating compositions as disclosed herein 
may be applied to a CR core according to conventional 
coating methods and techniques. In one embodiment, the 

55 functional coating composition as disclosed herein may be 
applied using a conventional perforated pan coater. In 
another embodiment, the functional coating composition 
may be applied using an aqueous pan-coating process. In 
one such embodiment, the use of an aqueous pan-coating 

60 process may include the use of a latex dispersion. For 
example, a latex dispersion such as SURELEASE may be 
used for an ethylcellulose pan-coating process. In another 
example, a latex dispersion such as EUDRAGIT RS 30 D 
may be used in a pan-coating process for ammonio-meth-

65 acrylates. In yet another embodiment, the functional coating 
composition may be applied using a solvent-based pan
coating process. In one such embodiment, a solvent-based 
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pan-coating process may include the use of an alcohol 
solvent, such as ethanol. For example, an alcohol-solvent 
based pan-coating process may utilize a 95% ethanol and 
5% water (w/w) solvent. 

In one embodiment, the functional coating compositions 
as described herein may be applied using a fluid bed coating 
process such as a Wurster fluid bed film coating process. In 
another embodiment, the functional coating composition 
may be applied using a compression coating process. In yet 
another embodiment, the functional coating composition 
may be applied using a phase inversion process. In certain 
embodiments, the functional coating composition as dis
closed herein may be applied over a suitable subcoating. 

III. Moisture Barrier/Cosmetic Coatings 
When a controlled release formulation or dosage form is 

provided as a coated tablet, in some embodiments, it may be 
coated with a moisture barrier or a moisture-resistant coating 
composition. For example, a controlled release dosage form 
as disclosed herein comprising GHB as the drug substance 
may include a moisture barrier. In another example, a 
moisture barrier may be particularly useful where sodium 
oxybate is used as the drug substance. In one embodiment, 
the moisture barrier may be a polyvinyl alcohol-based 
coating, such as OPADRY AMB (Colorcon Inc., Harleys
ville, Pa.). In another embodiment, the moisture barrier may 

16 
therein within a period of less than one hour after adminis
tration. In particular embodiments, the IR component of the 
compositions described herein release more than about 95% 
of the drug contained therein within a period selected from 

5 less than 45 minutes, less than 30 minutes, and less than 15 
minutes post-administration. In other embodiments, the IR 
component of the compositions described herein release 
more than about 80% of the drug contained therein within a 
period selected from less than 45 minutes, less than 30 

10 minutes, and less than 15 minutes post-administration. 
In certain embodiments, the IR formulation is provided as 

an immediate release component of a controlled release 
dosage form as described herein. In one such embodiment, 
the IR component is provided as a coating over a controlled 

15 release component or formulation as described herein. A unit 
dosage form that integrates both controlled release and 
immediate release components can increase the convenience 
and accuracy with which a drug such as GHB is dosed to 
patients by providing a unit dosage form that not only 

20 provides quick onset of action, but also sustained delivery of 
GHB to the patient over a prolonged period of time. Fur
thermore, where the drug to be delivered is selected from 
GHB and pharmaceutically acceptable salts, hydrates, tau
tomers, solvates and complexes of GHB, dosing controlled 

25 release and immediate release formulations together may 
avoid the disadvantages of the current GHB dosing regi
mens, which can result in highly pulsatile plasma concen
trations. 

be a hydroxypropyl methylcellulose (HPMC)/wax-based 
coating, such as AQUARIUS MG (AshlandAqualon, Wilm
ington, Del.). In yet another embodiment, the moisture 
barrier may be a HPMC/stearic acid-based coating. The 
moisture barrier as disclosed herein, in some embodiments, 30 

may be formed using a reverse enteric material, such as 
EUDRAGIT E, and may be coated from alcohol or alcohol/ 
water solutions or from an aqueous latex dispersion. In 
embodiments where the controlled release dosage form is 
provided as a tablet of about 500 mg-1000 mg in weight, for 
example, the moisture barrier coating may be applied at a 
weight selected from about 10 mg to about 60 mg/tablet and 
about 25 mg to about 50 mg/tablet. In general, a minimum 
weight is needed to ensure complete coverage of the tablet 

I. Immediate Release Component 
When the immediate release formulation is provided as an 

integrated IR component of a controlled release dosage 
form, the amount of drug included in the IR component may 
range from about 10% to 50% by weight of the total drug 
included in the integrated dosage form. As used herein, 

35 "integrated dosage form" refers to a single unit dosage form 
that includes both immediate release and controlled release 
components as described herein. For example, where the 
drug to be delivered from the immediate release and con
trolled release formulations incorporated into an integrated 
dosage form is selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com-

in light of imperfections in the tablet surface, and a maxi- 40 

mum weight is determined by practical considerations, such 
as coating time, or by the need for better moisture protection. 

As will be readily appreciated, the controlled release 
dosage form can be further provided with a cosmetic top 
coat. In one embodiment, a top-coat may be applied to an 45 

existing coating composition such as a moisture barrier. In 
certain embodiments, a cosmetic top-coat may include at 
least one ofHPMC and copovidone. For example, when the 
controlled release dosage form includes a coated tablet 
comprising sodium oxybate as the drug, a top-coat including 50 

HPMC, such as for example an HPMC material selected 
from one or more ofHPMC E3, E5, or E15, may be applied 
over a moisture barrier to improve the effectiveness of the 
moisture barrier by reducing any seepage of sodium oxybate 
and water from the surface of the coated tablet. 55 

B. Immediate Release Formulations 

plexes of GHB in some embodiments, the drug included in 
the IR component may comprise about 10% to about 50% by 
weight of the total drug included in the unit dosage form. In 
one such embodiment, the drug included in the IR compo
nent of an integrated dosage form may comprise about 10%, 
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by weight 
of the total drug included in the unit dosage form. For 
example, an integrated dosage form as described herein may 
contain 1000 mg sodium oxybate, wherein 100 mg to 500 
mg sodium oxybate (10% to 50% by weight) is contained 
within and delivered from the IR component and 500 mg to 
900 mg sodium oxybate (50% to 90% by weight) is con
tained within and delivered from the CR component. 

Where the IR component is provided as a coating over a 
controlled release dosage form, in certain embodiments, the 
drug included in the IR component may account for between 
about 75% and 98% by weight of the IR formulation. In the 
context of describing an IR component provided over a 

The controlled release formulations described herein can 
be dosed together with an immediate release (IR) formula
tion. In one embodiment, the IR formulation may be pro
vided as a separate formulation or dosage form that may be 
dosed together with a dosage form provided by a controlled 
release dosage form as described herein. The IR formulation 
may be provided in any suitable form, such as a dry powder 
formulation, a tablet or capsule unit dosage form, or a liquid 
formulation such as a solution or suspension formulation. As 
used herein, "immediate release" refers to a drug formula
tion that releases more than about 95% of the drug contained 

60 controlled release dosage form as described or disclosed 
herein, the controlled release dosage forms referred to 
include the controlled release formulations described herein, 
including, in specific embodiments, CR cores coated with a 
functional coating as described herein. Again, the drug 

65 included in such an embodiment may be selected from GHB 
and pharmaceutically acceptable salts, hydrates, tautomers, 
solvates and complexes of GHB. In certain embodiments, 
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the IR component may comprise sodium oxybate in an 
amount of selected from a range of between about 75% and 
98%, between about 80% and 98%, between about 85% and 
98%, between about 90% and 98%, and between about 95% 
and 98% by weight. 

An IR component formed as a coating over a controlled 
release dosage form as disclosed herein may be applied as a 
tableted overcoat according to conventional tablet coating 
and binding methods. Alternatively, an IR component 
formed as a coating over a controlled release dosage form as 
disclosed herein may be applied as a film coating, such as, 
for example, from a solution containing a suitable amount of 
drug and film former. In one such embodiment, wherein 
sodium oxybate is the drug included in the IR component, 
the coating forming the IR component may be coated over 
a controlled release dosage form from a coating solution that 
utilizes an alcohol and water solvent. For example, a suitable 
immediate release coating may be formed using a 20% 
solution of sodium oxybate in a 60%/40% (w/w) alcohol/ 
water solution that contains a suitable film-former. 

18 
The formulation and structure of integrated dosage forms 

as described herein can be adjusted to provide a combination 
of immediate release and controlled release performance 
that suits a particular dosing need. In particular, the formu-

5 lation and structure of integrated dosage forms as described 
herein can be adjusted to provide any combination of the 
immediate release and controlled release performance char
acteristics described herein. In particular embodiments, for 
example, the drug delivered from an integrated dosage form 

10 as described herein is selected from GHB and pharmaceu
tically acceptable salts, hydrates, tautomers, solvates and 
complexes of GHB, and the integrated dosage form sustains 
delivery of GHB over a period of from about 4 to about 10 
hours. In one such embodiment, the IR component of the 

15 integrated dosage form provides rapid onset of action, 
releasing more than about 90% of the drug contained therein 
within a period of time selected from less than one hour, less 
than 45 minutes, less than 30 minutes and less than 15 
minutes after administration, while the controlled release 

20 composition included in the integrated dosage begins to 
deliver drug as the IR component is released and continues 
to deliver drug for a sustained period of between about 4 and 
about 10 hours. In another such embodiment, the IR com
ponent of the integrated dosage form provides rapid onset of 

Where the IR component is provided as a film coat and 
includes one or more film-formers, suitable film formers 
may be selected from, for example, copovidone, hydroxy
propyl cellulose, HPMC, and hydroxymethyl cellulose 
materials. An IR component containing sodium oxybate as 
the drug can be applied as a suspension or as a solution by 
adjusting the water content of the coating mixture. For a 
suspension, little or no water is added to the alcohol, and the 
example film formers should be suitable. To prepare a 
solution, however, the water content of the solvent is 
increased, for example to 40%, and a smaller set of film 
formers would be suitable due to the precipitation of most 
common film formers in the presence of sodium oxybate 
solution. Hypromellose is one of several potential film 35 

formers that is suitable. It is further possible, with more 
difficulty, to apply the sodium oxybate from an aqueous 
solution; however, the same limitations on film former 
applies, and processing is complicated by the hygroscopic 
nature of the drug. In one embodiment, the IR component 40 

useful for use in a controlled release dosage form as 
described herein includes 91 % sodium oxybate and 9% 
hypromellose (HPMC E-15) that is applied from a solution 
containing 20% sodium oxybate and 2% HPMC E-15 in a 
60/40 w/w ethanol/water solvent. 

25 action, releasing more than about 90% of the drug contained 
therein within a period of time selected from less than one 
hour, less than 45 minutes, less than 30 minutes and less than 
15 minutes after administration, while the controlled release 
composition included in the integrated dosage begins to 

30 deliver drug after the IR component is released and contin
ues to deliver drug for a sustained period of between about 
4 and about 10 hours. 

Moreover, the ratio of drug release from the IR compo
nent and CR component can be adjusted as needed to 
facilitate a desired dosing regimen or achieve targeted 
dosing. A dosage form as described herein that integrates 
both IR and CR components may be formulated to deliver as 
much as 2,000 mg of a desired drug, such as GHB or a 
pharmaceutically acceptable salt, hydrate, tautomer, solvates 
or complex of GHB. In particular embodiments, the total 
amount of drug contained within an integrated IR/CR dos-
age form according to the present description may be 
between about 500 mg and about 1,400 mg. For example, in 
certain such embodiments, the total amount of drug may be 

45 selected from between about 500 mg and 1,400 mg, about 
500 mg and 1,200 mg, about 500 mg and 1,100 mg, about 
600 mg and 1,200 mg, about 600 mg and 1,100 mg, about 
600 mg and 1,000 mg, about 600 mg and 950 mg, about 600 
mg and 850 mg, about 600 mg and 750 mg, about 750 mg 

Where the IR component of an integrated dosage form is 
provided as a coating over the controlled release dosage 
form, the coating forming the IR component may further 
include one or more of an anti-tack agent and a plasticizer 
to facilitate processing and to improve film properties. 
Furthermore, addition of one or more surfactants, such as 
sodium lauryl sulfate, may improve the dissolution of IR 
coatings that contain hydrophobic components (such as 
anti-tack agents or water-insoluble film formers). 

In embodiments where the IR component is provided as 
a coating over a controlled release formulation as described 
herein, the IR component may be positioned directly over 
the functional coating of the controlled release formulation. 
Where desired or necessary based on the drug to be deliv
ered from the IR component and controlled release formu
lation included in such an integrated dosage form, the outer 
surface of the IR component may then be coated with a 
moisture barrier layer. For example, where the drug deliv
ered by the integrated dosage form is highly hygroscopic, 
such as, for example, sodium oxybate, a moisture barrier 
layer over the immediate release coating forming the IR 
component may be provided. 

50 and 1,200 mg, about 750 mg and 1,100 mg, about 750 mg 
and 1,000 mg, about 750 mg and 950 mg, and about 750 mg 
and 850 mg. In an integrated IR/CR dosage form, the 
relative amounts of drug delivered from the IR component 
and CR components may be adjusted as desired as well. In 

55 particular embodiments, the ratio of drug released from the 
IR component to drug released from the CR component is 
from about 1 :2 to about 1 :4. In certain embodiments, such 
ratio is selected from about 1:2, 1:2.5, 1:3, 1:3.5 and 1 :4. 

In particular embodiments, the integrated dosage form 
60 may be formulated such that the controlled release formu

lation begins release of drug substantially simultaneously 
with delivery of the drug from the IR component. Alterna
tively, the integrated dosage form may be formulated such 
that controlled release formulation exhibits a start-up time 

65 lag. In one such embodiment, for example, the integrated 
dosage form maybe formulated and configured such that 
start-up of delivery of drug from the controlled release 
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TABLE lB-continued 

Granulation Parameters 
WET GRANULATION 

compos1t10n occurs after delivery of drug from the IR 
component is substantially complete. Where a start-up lag 
time is desired, an enteric coating may be applied over the 
controlled release component (e.g., over a functional coat
ing), but such a coating would necessarily limit the start-up 
lag to gastric residence and its associated variability. Use of 
enteric pore-formers would also impart a start-up lag, and 
such an embodiment would be more sensitive to food effects 
and gastric motility. Where a less pH-sensitive start-up lag 
time is desired, the delay may be accomplished or adjusted 

5 IMPELLER SPEED (RPM) 
CHOPPER SPEED (RPM) 
DRYING 

300 
1800 

SUBLOT 1 SUBLOT 2 

10 

by the use of one or more coatings and films, including the 
functional coating provided over a CR core and, where 
utilized, the moisture barrier or cosmetic overcoats. In 
particular, start-up lag time as disclosed herein may be 

15 
adjusted by modifying the formulation, thickness, and/or 
weight of the functional coating provided over the CR core, 
the moisture barrier layer or one or more non-functional or 
cosmetic overcoats. 

20 
EXAMPLES 

Example !----Controlled Release Core 

A granulation used to form CR cores as described herein 25 
was manufactured in a 25 L high shear granulator according 

DRYING INLET TEMPERATURE (° C.) 70 70 
TOTAL DRYING TIME (MIN) 17 18 
EXHAUST TEMPERATURE AT END 47 48 
OF DRYING (0 C.) 
LOD (% WT LOSS) 0.84 0.92 

TABLE IC 

Screen Analysis of Milled Granulation 

Screen size Opening size Wt Retained 
US Std mesh microns (%) 

20 850 2.1 
40 420 10.4 
60 250 19.8 
80 180 25.0 

120 125 22.9 
200 75 12.5 
Pan <45 7.3 

Example 2-Functional Coating 

Tablets from Example 1 were coated with a solution 
prepared according to the formulation in Table 2A. The 
ethylcellulose was first added to a 95/5 w/w mixture of 

to the formula in Table IA. Klucel EXF was divided into two 
equal portions; half of the Klucel EXF was dissolved in the 
ethanol, and half was dry blended with sodium oxybate. The 
material was initially granulated with 10% w/w ethanol and 30 
then titrated with another 3.5% w/w ethanol solution to 
achieve desired granule growth. A suitable wet mass was 
obtained at a total ethanol concentration of 13.5% w/w. The 
wet granules were divided into two sub lots and then each 
sub lot was dried in a 5-liter Niro fluid bed dryer. The dried 
granules were combined and milled through a COMIL 
equipped with a 14 mesh screen. Granulation parameters 
and particle size distribution are shown in Tables 1 B and 1 C, 
respectively. 

35 ethanol and water and stirred until dissolved. Next, the 
hydroxypropyl cellulose and dibutyl sebacate were added 
and stirred until completely dissolved. 4.7 kg of tablets from 
Example 1 were then charged to an 8" pan Driam tablet 
coater and coated with the solution to 5 .1 wt % gain ( 40 

The granulation was then combined with 2% magnesium 
stearate lubricant, and tablets were compressed on a 16-sta
tion press fitted with chrome-plated 0.325"x0.705" modified 
oval tooling. The average tablet hardness was 10.7 kilo
ponds. 

TABLE IA 

Controlled Release Core Tablet Formulation 

Ingredient(s) 

Sodium Oxybate 
2 Hydroxypropyl cellulose, NF (Klucel EXF) 
3 Etbanol, USP (200 proof)* 
4 Magnesium Stearate, NF 

TOTAL 

*Granulation solvent, removed during drying step 

TABLE 1B 

Granulation Parameters 
WET GRANULATION 

GRANULATION SOLUTION ADDITION 
RATE (G/MIN) 
TOTAL GRANULATION TIME (INCLUDING 
SOLUTION ADDITION AND WET 
MASSING TIME) 

o/ow/w 

96.0 
2.0 

13.5 
2.0 

100.0 

250 

mg/tablet 

750.0 
15.6 

15.6 

781.2 

7 MINUTES 

40 mg/tablet). The tablets were then dried for 5 minutes in the 
coater, and then finally cooled in the pan to an exhaust 
temperature below 30° C. 

The dissolution profile was measured in de-ionized water 

45 
using USP Apparatus 2 set to 37° C.±2° C. with paddles at 
50 rpm. Samples were analyzed by HPLC. As shown in FIG. 
1, the coated tablets exhibited controlled release with dura
tion of approximately 6 hours. The dosage form released 
12% of its contents after 1 hour, 34% after 2 hours, 71 % 

50 
after 4 hours, 93% after 6 hours, and 99% after 8 hours. 

TABLE 2A 

Formulation of Sodium Oxybate Sustained-Release Tablets 

55 % of coat % w/w of 
Ingredient(s) solids tablet mg/tablet 

5 Sodium Oxybate tablet core 95.13 781.25 
6 Hydroxypropyl cellulose, 37.0 1.80 14.80 

NF (Klucel EF) 

60 
7 Dibutyl sebacate 5.0 0.24 2.00 
8 Etbylcellulose, NF (Etbocel 58.0 2.82 23.20 

Standard Premium 10) 
9 Etbanol, USP (200 proof)* 

10 Purified water* 

TOTAL 100.0 100.00 821.25 
65 

*Coating solvent, removed during processing 
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TABLE 2A 

Coating Parameters for Driarn 8" Pan Coater 

CR COATING 

INLET TEMPERATURE (° C.) 
EXHAUST TEMPERATURE (0 C.) 
INLET AIRFLOW (PASCAL) 
ATOMIZATION PRESSURE 
(BAR) 
SPRAY RATE (G/MIN) 
PAN SPEED (RPM) 

AVERAGE 

46 
43 

>300 

2 
35 

RANGE 

42-55 
41-46 
>300 

2.0 
32-37 

5-7 

Example 3-Immediate-Release Overcoat 

22 
10). The coating solution was prepared by dissolving 3.59 
grams of EC-10 and 1.77 grams of Pl 88 in a mixture of 80 
grams denatured alcohol ("alcohol") and 4 grams de-ionized 
water. (Denatured alcohol, S-L-X manufactured by W. M. 

5 Barr, is approximately a 50/50 w/w blend of methanol and 
ethanol.) 

Twelve tablets from Example 1 were coated in a Caleva 
Mini-coater/Drier 2 under parameters listed in Table 4A. 
Periodically, the tablets were removed and weighed to 

10 determine film weight. Three tablets were removed at times 
corresponding to 21 mg, 30 mg, 40 mg, and finally 60 mg 
weight gain. 

The dissolution profiles were measured with USP Appa-
15 ratus 7 (Vanke! Bio-dis) set to 37° C.±2° C. and using a 

dipping rate of 30/minute, tablets fixed in plastic holders and 
intervals corresponding to 0.5 h, 1 h, 1.5 h, 2 h, 3 h, 4 h, 5 
h, 6 h, 7 h, 8 h, and 14 h ( each interval is 50 ml volume). The 
tubes were analyzed by conductivity, and results are calcu-

A solution of 20% sodium oxybate as active and 2.0% 
hypromellose E-15 (HPMC E-15) as film-former was pre
pared in 60/40 (w/w) ethanol/water. The coating solution 
was manufactured by first dissolving the HPMC E15 in 
water, then adding the ethanol and sodium oxybate. 3 kg of 
750-mg strength sustained-release tablets from Example 2 
were charged to a Driam tablet coater equipped with an 8" 
pan and preheated to 40° C. The entire coating solution was 
applied according to the parameters listed in Table 3A. The 

25 
tablet weight gain was monitored every 5 minutes, and the 
coating was stopped when the entire solution was sprayed 
(the theoretical weight gain is 33.5% ). The tablets were dried 
for 15 minutes; the tablets did not lose any weight during the 

20 lated as percent of total amount. The results demonstrate that 
controlled release is achieved with membrane weights rang
ing from at least 21-60 mg/tablet, and that duration of 
delivery increases as the membrane weight increases. 

TABLE 4A 

Standard Parameters for Sustained-Release 
Coating in Caleva Mini-Coater/Drier 2 

Setting 15 minute drying time, and so it was assumed that the drying 
30 

was complete. The tablets were then cooled in the pan to an 
exhaust temperature of <30° C. 

Parameter 

Batch size 
Inlet temperature 

3-12 Tablets 
40 C. 
70-85% Analysis by HPLC revealed an overall potency of 961 mg, 

and thus a drug overcoat potency of 211 mg. Dissolution 
testing using USP Apparatus 2 set to 37° C.±2° C. with 

35 
paddles at 50 rpm, shown in FIG. 2, demonstrates substan
tially the entire immediate-release overcoat is dissolved in 

Air flow setting 
Solution flow rate 
Agitator setting 
Atomization pressure 
Gun position 

18 ml/hr 
32 
0.5 bar 
Adjusted to achieve desired deposition 

15 minutes and that controlled release is maintained for 
approximately 6 hours thereafter. Higher amounts of drug 
can be applied to the immediate release overcoat by using 

40 
higher amounts of coating solution and extending the coat
ing time accordingly. 

Example 5-Effect of Membrane Weight with 
Hydroxypropyl Cellulose as Pore Former in 

Functional Coating 

TABLE 3A 

Parameters for Immediate-Release Overcoating with 8" Driarn Coater 

DRUG OVER-COATING AVERAGE RANGE 

INLET TEMPERATURE (0 C.) 59 55-63 
EXHAUST TEMPERATURE (0 C.) 51 50-53 
PRODUCT TEMPERATURE (0 C.) 43 41-49 
INLET AIRFLOW (PASCAL) >300 >300 
ATOMIZATION PRESSURE (BAR) 2 2 
SPRAY RATE (G/MIN) 16 14-17 
PAN SPEED (RPM) 8 7-8 
TOTAL RUN TIME (HRS) 4 HRS 47 MIN (COATING) 

15 MIN (DRYING) 

The following examples illustrate aspects of the sus
tained-release coating formulation with several evaluations 
using tablets from Example 1. 

Example 4-Effect of Membrane Weight with 
Poloxamer as Pore Former in Functional Coating 

One means of controlling dissolution is by adjustment of 
the coating thickness, or amount of film applied to each 
tablet. This was illustrated with a film consisting of 33% 
poloxamer 188 (P188) and 67% ethylcellulose 10 cPs (EC-

Following procedures of Example 4, 12 tablets from 
Example 1 were coated with a film consisting of 36.5% 

45 HPC-EF, 5.0% dibutyl sebacate (DBS), and 58.5% EC-10 
(all percentages by weight) coated from a solution consisting 
of 7% solids in 95/5 alcohol/water. The results shown in 
FIG. 4 demonstrate that controlled release over a relevant 
time period is achieved with membrane weights ranging 
from at least 21-60 mg/tablet, and that duration of delivery 
increases as the membrane weight increases. 

50 

55 

Example 6-Effect of Poloxamer Level in 
Functional Coating 

In addition to adjustment of membrane weight, another 
useful means of controlling release rate or duration is by 
adjustment of the pore-former content of the formulation. 

60 Following procedures of Example 4, two additional solu
tions consisting of (a) 25% P188 by weight/75% EC-10 by 
weight and (b) 40% P188 by weight/60% EC-10 by weight 
were prepared as 7% (w/w) solutions in 95/5 alcohol/water. 
In each of the two separate coatings, four tablets from 

65 Example 1 were coated to 41 mg. The dissolution profiles 
are shown in FIG. 5, along with that of the 40 mg set of 
Example 4 for comparison. The results demonstrate that 
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poloxamer level can be adjusted at least over the range of 
25%-40% by weight, while still providing controlled release 
of the drug. 

Example 7-Effect of Hydroxypropyl Cellulose 
Level in Functional Coating 

In a fashion similar to Example 6, the effect of HPC level 

24 
EC-4 ). The analysis of sodium oxybate by conductivity was 
corrected for the different response in vodka vs. de-ionized 
water. The results shown in FIG. 9A indicate that dissolution 
is slower in Vodka, and that no dose-dumping occurred. 

Likewise, a similar test was performed on sustained
release tablets with a film comprised of 33 wt % Pl 88 and 
67 wt % EC-10. Those results, shown in FIG. 9B, also 
indicate slower release in vodka and no dose-dumping. 

in the functional coating was evaluated over the range of 
30%-50% by weight. Three separate coating solutions were 10 

prepared with 30%, 40%, and 50% HPC-EF; 5% DBS; and 
the balance EC-10. All solutions were prepared with 7% 
total components in 95/5 alcohol/water. In each coating, 4 
tablets from Example 1 were coated to 40-41 mg/tablet 
weight gain. The dissolution profiles shown in FIG. 6 15 

demonstrate controlled release of the drug was achieved 
with HPC levels of at least 30-50% by weight. 

Example 11-Aqueous Coating of Controlled 
Release Film 

Due to the hygroscopic nature of sodium oxybate, coating 
the rate-controlling film from an alcoholic solution is desir
able. However, use of ethylcellulose aqueous dispersions is 
attractive for environmental and cost considerations. A film 
consisting of 30 wt % HPC EF and 70 wt % Surelease 
(aqueous ethylcellulose dispersion) was deposited on tablets 
from Example 1 as follows. First, 1.37 grams of HPC EF Example 8-Effect of Hydroxypropyl Cellulose 

Molecular Weight when Used in Functional 
Coating 

Hydroxypropyl cellulose is supplied in several molecular 
weight grades, many of which may be suitable for use as 
pore-formers in ethylcellulose films. Two such grades (Klu
cel "EF" and "JF", supplied by Ashland) corresponding to 
80,000 daltons and 140,000 daltons were evaluated with 
other components fixed. Following procedures of Example 

20 was dissolved in 22.6 grams de-ionized water. This was then 
poured into 32.5 grams of Surelease E-7-19040-clear while 
stirring. Eight tablets were coated in the Caleva Mini-coater/ 
Drier 2 with flow rate of 15 ml/hr and 58° C. inlet tempera
ture. Samples removed at 24 mg and 40 mg were then tested 

25 for dissolution, with no post-coating heat treatment. The 
results are shown in FIG. 10. 

Example 12-Calcium Oxybate Controlled Release 

A controlled release dosage form for delivery of calcium 
oxybate was prepared by generally following procedures of 
Example 1 found in U.S. Pat. No. 4,393,296 (Klosa, Pro
duction of Nonhygroscopic Salts of 4-Hydroxybutyric 
Acid). The isolated calcium oxybate was milled to pass 

4, solutions were prepared with 40% HPC, 5% DBS, and 
55% EC-10 (all percentages by weight) using 7% total 30 

components in 95/5 alcohol/water. In each coating, 4 tablets 
from Example 1 were coated to 40-41 mg/tablet weight gain. 
The results shown in FIG. 7 demonstrate a modest effect of 
molecular weight and that the two grades tested provide for 
acceptable release profiles. 35 through a 16-mesh screen. For this study, a small sample 

comprising 9.3 grams of calcium oxybate was blended with 
0.19 grams of sodium stearyl fumarate (Pruv, JRS Pharma, 
Rosenberg, Germany). 800 mg aliquots of this 98% calcium 
oxybate and 2% sodium stearyl fumarate were then directly 

Example 9-Effect of Ethylcellulose Molecular 
Weight or Viscosity 

Another consideration is the molecular weight, or viscos
ity, of ethylcellulose. Two grades were evaluated, corre
sponding to 4 cPs and 10 cPs viscosity for a 5% solution. 
Following procedures of Example 4, two solutions were 
prepared corresponding to 58.5 wt % ethylcellulose (EC-4 

40 compressed into tablets using 0.325"x0.705" modified oval 
tooling and a Carver press with 1-ton applied force. Fol
lowing procedures of Example 4, nine tablets were coated 
with a film having 33% poloxamer 188 and 67% EC-10 from 
a solution of 7% w/w solids in 95/5 alcohol/water. Two 

or EC-10), 36.5 wt% HPC-EF, and 5.0 wt% DBS having 45 

7% w/w total components in 95/5 alcohol/water. Tablets 
from Example 1 were coated to 40 mg/tablet weight gain, 
and dissolution profiles are shown as FIG. 8. The results 
indicate both grades of ethylcellulose provide for acceptable 
profiles, and suggest that other ethylcellulose grades (such 50 

as 20 cPs) may also be acceptable. 

tablets were removed at each intermediate coating weight 
corresponding to 20 mg, 32 mg, 41 mg, and finally at 60 mg. 
The dissolution profiles are shown as FIG. 11. These results 
using calcium oxybate follow the general behavior of 
sodium oxybate demonstrated in Example 4. 

Example 13-Clinical Evaluation of Controlled 
Release Dosage Forms 

Example 10----Demonstration of Alcohol 
Ruggedness of Controlled Release Sodium Oxybate 

Tablets 

Co-administration of sustained-release dosage forms with 
alcoholic beverages is a relevant concern, as ethanol is 
known to dissolve certain rate-controlling components that 
would not otherwise be dissolved. In some dosage forms, 
this may lead to dose-dumping. As ethanol is rapidly 
absorbed in the stomach, a relevant test involves dissolution 
of the dosage form in vodka ( 40% ethanol nominal) for 2 
hours (representing gastric retention time), followed by 
normal dissolution in de-ionized water. 

This test was performed on sustained-release tablets from 
Example 9 (36.5 wt % HPC EF, 5 wt % DBS, 58.5 wt % 

An open-ended, randomized, crossover study was con-
55 ducted to evaluate controlled release dosage forms as 

described herein. The controlled release dosage forms were 
formulated to deliver sodium oxybate and were compared to 
a sodium oxybate oral solution ( commercially available as 
Xyrem® (sodium oxybate) oral solution). The study was 

60 conducted in healthy male and female volunteers. 
Four different sodium oxybate formulations were admin

istered to patients. The first, designated herein as Treatment 
A, was the sodium oxybate oral solution containing 375 
mg/ml sodium oxybate. Treatments B through E, as desig-

65 nated herein, involved administration of three controlled 
release dosage forms (Treatments B through D), with one of 
the controlled release dosage forms being used to administer 
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two different doses of sodium oxybate (Treatments D and E). 
The controlled release dosage forms administered as Treat
ment B included 750 mg sodium oxybate per dosage form 
and were produced with a CR core and functional overcoat 
as described in Example 1 and Example 2, the controlled 5 

release dosage forms administered as Treatment C included 
750 mg sodium oxybate per dosage form and were produced 
as described in Example 1 and Example 4, and the controlled 
release dosage forms administered as Treatments D and E 
included 1,000 mg sodium oxybate per dosage form and 10 

were produced with a CR core (750 mg sodium oxybate), 
functional overcoat, and IR overcoat (250 mg sodium oxy
bate) as described in Examples 1 through 3. 

26 
zero and the second dose four hours later), for a total dose 
of 6 g sodium oxybate. Treatments D and E were adminis
tered to each patient only at time zero. Patients receiving 
Treatment D were administered 4 tablets at time zero, 
providing a total dose of 4 g sodium oxybate, and patients 
receiving Treatment E were administered 8 tablets at time 
zero, providing a total dose of 8 g sodium oxybate. Blood 
samples from each patient were taken at various intervals 
and analyzed by LC/MS for total sodium oxybate content in 
the plasma. A total of 30 patients received Treatment A, and 
a total of30 patients received Treatments D and E. The mean 
plasma concentration of sodium oxybate over time achieved 
by each of the treatments is shown in FIG. 14, and a 
s=ary of pharmacokinetic parameters provided by Treat
ments A through C are provided in Table 6. 

TABLE 6 

Summary of PK Parameters for Treatments A, D, E 

A_Z 
(1/hr) 

T112 

(hr) 

AUClast AUCinf 
Cmax (hr * (hr * 

Tmax (hr) a (ug/ml) ug/ml) ug/ml) 

Treatment A 

Patients were divided into two groups. The first group 
15 

received Treatment A, Treatment B, and Treatment C over 
the course of the clinical study, with a washout period 
between each treatment. Treatment A was administered to 
each patient as two 3 g doses given four hours apart ( one 
dose at time zero and the second dose four hours later), for 20 
a total dose of 6 g sodium oxybate. Treatments B and C were 
administered to each patient only at time zero, with each 
treatment being administered as 8 tablets, providing a total 
dose of 6 g sodium oxybate. Blood samples from each 
patient were taken at various intervals and analyzed by 
LC/MS for total sodium oxybate content in the plasma. A 
total of 29 patients received Treatment A, a total of 19 
patients received Treatment B, and a total of 19 patients 
received Treatment C. The mean plasma concentration of 
sodium oxybate over time achieved by each of the treat- 30 
ments is shown in FIG. 12 (Treatment A and Treatment B) 
and FIG. 13 (Treatment A and Treatment C), and a s=ary 

25 N 30 
1.08 

30 
0.71 

30 30 30 30 

of pharmacokinetic parameters provided by Treatments A 
through Care provided in Table 5. 

N 
Mean 

SD 
CV% 
Mean 

N 
Mean 

SD 
CV% 
Mean 

N 
Mean 

SD 
CV% 
Mean 

TABLE 5 

Summary of PK Parameters for Treatments A, B, C 

A_Z 
(1/hr) 

29 
1.22 

0.27 
21.93 

1.19 

18 
0.62 

0.16 
26.44 

0.59 

19 
0.74 

0.16 
22.25 

0.72 

T112 

(hr) 

29 
0.60 

0.13 
22.61 

0.58 

18 
1.22 

0.40 
32.58 

1.17 

19 
0.99 

0.23 
22.93 

0.96 

Tmax 
(hr) a 

Treatment A 

29 
4.50 

(0.5, 4.75) 

Treatment B 

19 
2.00 

(1.50, 5.00) 

Treatment C 

19 
2.50 

(1.00, 5.00) 

Cmax 
(ug/ml) 

29 
130.79 

31.52 
24.10 

127.37 

19 
41.78 

18.40 
44.03 
38.46 

19 
50.49 

15.83 
31.35 
48.10 

AUClast AUCinf 
(hr* (hr * 

ug/ml) ug/ml) 

29 29 
350.84 351.20 

116.74 116.74 
33.27 33.24 

333.33 333.72 

19 18 
188.23 196.25 

103.60 102.50 
55.04 52.23 

163.80 173.33 

19 19 
221.64 222.60 

106.85 106.80 
48.21 47.98 

200.08 201.12 

The second group was administered Treatment A, Treat-
ment D, and Treatment E during over the course of the 
clinical study, with a washout period between each treat-
ment. Again, Treatment A was administered to each patient 
as two 3 g doses given four hours apart ( one dose at time 

Mean 

SD 
CV% 
Mean 

N 
Mean 

SD 

0.31 
29.00 

1.03 

30 
0.46 

0.27 
37.90 

0.67 

30 
1.63 

4.50 114.59 301.28 301.59 
(0.50, 5.50) 

27.91 100.85 100.87 
24.36 33.47 33.45 

111.20 285.47 285.79 
Treatment D 

30 30 30 30 
0.75 25.10 64.44 65.58 

(0.50, 2.50) 
7.33 20.36 20.26 

35 CV% 
Mean 

0.14 
30.27 

0.44 

0.47 
29.00 

1.56 
29.20 31.60 30.90 
24.01 61.31 62.55 

N 
Mean 

30 
0.59 

Treatment E 

30 30 
1.00 

(0.50, 5.00) 

30 30 30 

40 SD 
CV% 
Mean 

0.20 
34.57 

0.55 

1.36 

0.64 
46.91 

1.25 

59.52 

17.72 
29.77 

242.30 

117.15 
48.35 

243.80 

116.79 
47.91 

56.89 216.33 218.12 

a Tmax is summarized as median (min, max). 

45 It will be obvious to those having skill in the art that many 
changes may be made to the details of the above-described 
embodiments without departing from the underlying prin-
ciples of the invention. The scope of the present invention 
should, therefore, be determined only by the following 

50 claims. 
The invention claimed is: 
1. A formulation comprising a sustained release portion 

comprising about 500 mg to 12 g of at least one pharma-
ceutically active ingredient selected from gamma-hydroxy-

55 butyrate and pharmaceutically acceptable salts of gamma-
hydroxybutyrate, wherein: 

the sustained release portion comprises a functional coat-
ing and a core, the functional coating is deposited over 
the core; 

60 the core comprises at least one pharmaceutically active 
ingredient selected from gamma-hydroxybutyrate and 
pharmaceutically acceptable salts of gamma-hydroxy-
butyrate; 

the functional coating comprises one or more methacrylic 
65 acid-methyl methacrylate co-polymers that are from 

about 20% to about 50% by weight of the functional 
coating; and 
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the sustained release portion releases greater than about 
40% of its gamma-hydroxybutyrate by about 4 to about 
6 hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of37° C. and a paddle 
speed of 50 rpm. 

2. The formulation of claim 1, wherein the sustained 
release portion releases about 60% to about 90% of its 
gamma-hydroxybutyrate by about 6 hours when tested in a 
dissolution apparatus 2 in deionized water at a temperature 
of 37° C. and a paddle speed of 50 rpm. 

3. The formulation of claim 1, wherein the sustained 
release portion releases about 10% or less of its gamma
hydroxybutyrate by about 1 hour when tested in a dissolu
tion apparatus 2 in deionized water at a temperature of 37° 
C. and a paddle speed of 50 rpm. 

4. The formulation of claim 1, wherein the sustained 
release portion comprises hydrogenated vegetable oil, 
hydrogenated castor oil, or mixtures thereof. 

5. The formulation of claim 1, comprising a calcium, 
lithium, potassium, sodium or magnesium salt of gamma
hydroxybutyrate or mixtures thereof. 

6. The formulation of claim 5, comprising a sodium salt 
of gamma-hydroxybutyrate. 

7. The formulation of claim 1, wherein the one or more 
methacrylic acid-methyl methacrylate co-polymers com
prise from about 30% to about 45% by weight of the 
functional coating. 

8. The formulation of claim 1, further comprising an 
immediate release portion comprising at least one pharma
ceutically active ingredient selected from gamma-hydroxy
butyrate and pharmaceutically acceptable salts of gamma
hydroxybutyrate. 

28 
9. The formulation of claim 8, wherein the immediate 

release portion comprises a calcium, lithium, potassium, 
sodium or magnesium salt of gamma-hydroxybutyrate or 
mixtures thereof. 

5 10. The formulation of claim 9, wherein the immediate 
release portion comprises a sodium salt of gamma-hydroxy
butyrate. 

11. The formulation of claim 8, wherein the immediate 
release portion is a dry powder formulation, an immediate 

10 
release tablet, an encapsulated formulation, a liquid solution, 
or liquid suspension. 

12. The formulation of claim 8, wherein the immediate 
release portion comprises about 55 mg to 12 g of at least one 
pharmaceutically active ingredient selected from gamma
hydroxybutyrate and pharmaceutically acceptable salts of 

15 gamma-hydroxybutyrate. 
13. The formulation of claim 8, wherein the formulation 

releases at least about 30% of its gamma-hydroxybutyrate 
by one hour when tested in a dissolution apparatus 2 in 
deionized water at a temperature of 37° C. and a paddle 

20 speed of 50 rpm; and greater than about 90% of its gamma
hydroxybutyrate by 8 hours when tested in a dissolution 
apparatus 2 in deionized water at a temperature of37° C. and 
a paddle speed of 50 rpm. 

14. The formulation of claim 13, wherein the formulation 

25 releases greater than about 90% of its gamma-hydroxybu
tyrate by 7 hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of 37° C. and a paddle 
speed of 50 rpm. 

15. The formulation of claim 13, wherein the formulation 

30 
releases greater than about 90% of its gamma-hydroxybu
tyrate by 6 hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of 37° C. and a paddle 
speed of 50 rpm. 

* * * * * 
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CONTROLLED RELEASE DOSAGE FORMS 
FOR HIGH DOSE, WATER SOLUBLE AND 

HYGROSCOPIC DRUG SUBSTANCES 

RELATED APPLICATIONS 

This application is a continuation of U.S. patent applica
tion Ser. No. 16/916,677, filed Jun. 30, 2020, which is a 
continuation of U.S. patent application Ser. No. 16/712,260, 
filed Dec. 12, 2019, which is a continuation of U.S. patent 
application Ser. No. 16/025,487, filed Jul. 2, 2018, now U.S. 
Pat. No. 10,758,488, which is a continuation of U.S. patent 
application Ser. No. 13/071,369, filed Mar. 24, 2011, now 
abandoned, which claims the benefit of U.S. Provisional 
Application No. 61/317,212, filed on Mar. 24, 2010, the 
contents of each of which are incorporated herein by refer
ence. 

TECHNICAL FIELD 

This disclosure relates to controlled release drug compo
sitions. 

BACKGROUND 

For some drugs, it is difficult to formulate a controlled 
release dosage form that maintains an effective concentra
tion of the drug over a sustained period of time. In particular, 
drugs that are administered at a high dose, drugs having a 
low molecular weight, and drugs with high water solubility 
make formulation of a controlled release dosage form chal
lenging. For example, in the context of a controlled release 
drug formulation produced as a unit dosage form for oral 
administration, drugs that must be administered at a high 
dose constrain the amount of rate controlling excipients that 
can be used in formulating a drug composition that is both 
capable of sustained delivery of therapeutic doses of the 
drug and exhibits a size and shape suited to oral adminis
tration. Low molecular weight and high-solubility drugs 
may also readily permeate films and matrices that might 
otherwise be used to control release, and high solubility 
drugs are not suited to some drug delivery approaches, 
particularly where zero-order release kinetics are desired. 
An example of a drug that is administered at a high dose, has 
a low molecular weight, and high water solubility, is 
gamma-hydroxy butyrate (GHB), particularly the sodium 
salt of GHB. 

Initial interest in the use of GHB as a potential treatment 
for narcolepsy arose from observations made during the use 

2 
syndrome, FMS or fibrositis syndrome, report widespread 
musculoskeletal pain, chronic fatigue, and non-restorative 
sleep. These patients show specific regions of localized 
tenderness in the absence of demonstrable anatomic or 

5 biochemical pathology, and patients suffering from fibro
myalgia typically describe light and/or restless sleep, often 
reporting that they awaken feeling unrefreshed with pain, 
stiffness, physical exhaustion, and lethargy. See, H. D. 
Moldofsky et al., J. Muscoloskel. Pain, 1, 49 (1993). In a 

10 series of studies, Moldofsky's group has shown that aspects 
of the patients' sleep pathology are related to their pain and 
mood symptoms. That is, patients with fibrositis syndrome 
show an alpha (7.5 to 11 Hz) electroencephalographic 
(EEG), non-rapid-eye-movement (NREM) sleep anomaly 

15 correlated with musculoskeletal pain and altered mood. 
Moldofsky has interpreted this alpha EEG NREM sleep 
anomaly to be an indicator of an arousal disorder within 
sleep associated with the subjective experience of non
restorative sleep. See H. D. Moldofsky et al., Psychosom. 

20 Med., 37, 341 (1975). 
Fibromyalgia patients frequently report symptoms similar 

to those of patients with post-infectious neuromyasthenia, 
also referred to as chronic fatigue syndrome (CFS). CFS is 
a debilitating disorder characterized by profound tiredness 

25 or fatigue. Patients with CFS may become exhausted with 
only light physical exertion. They often must function at a 
level of activity substantially lower than their capacity 
before the onset of illness. In addition to these key defining 
characteristics, patients generally report various nonspecific 

30 symptoms, including weakness, muscle aches and pains, 
excessive sleep, malaise, fever, sore throat, tender lymph 
nodes, impaired memory and/or mental concentration, 
insonmia, and depression. CFS can persist for years. Com
pared with fibromyalgia patients, chronic fatigue patients 

35 have similarly disordered sleep, localized tenderness, and 
complaints of diffuse pain and fatigue. 

Scharf et al. conducted an open-label study to evaluate the 
effects of GHB on the sleep patterns and symptoms of 
non-narcoleptic patients with fibromyalgia (Scharf et al., J 

40 Rheumatol 1998; 25: 1986-1990). Eleven patients with 
previously confirmed diagnosis of fibromyalgia who 
reported at least a 3-month history of widespread musculo
skeletal pain in all body quadrants and tenderness in a least 
5 specific trigger point sites participated in the study. Results 

45 showed that patients reported significant improvements in 
the subjective assessments of their levels of pain and fatigue 
over all 4 weeks of GHB treatment as compared to baseline, 
as well as a significant improvement in their estimates of 
overall wellness before and after GHB treatment. 

WO 2006/053186 to Frucht describes an open label study 
of 5 patients with hyperkinetic movement disorders includ
ing ethanol responsive myoclonus and essential tremor. 
Sodium oxybate, a sodium salt of GHB, was reported to 
produce dose-dependent improvements in blinded ratings of 

55 ethanol responsive myoclonus and tremor and was said to be 
tolerated at doses that provided clinical benefit. 

of GHB for anesthesia. Unlike traditional hypnotics, GHB 50 

induces sleep that closely resembles normal, physiologic 
sleep (Mamelak et al., Biol Psych 1977:12:273-288). There
fore, early investigators administered GHB to patients suf
fering from disorders of disturbed sleep, including narco
lepsy (Broughton et al. in Narcolepsy, NY, NY: Spectrum 
Publications, Inc. 1976:659-668), where it was found to 
increase total nocturnal sleep time, decrease nocturnal awak
enings and increase Stage 3-4 (slow wave) sleep. Three 
open-label and two placebo-controlled studies provided a 
body of evidence demonstrating that improvements in noc
turnal sleep were associated with a reduction in cataplexy 
and improvements in excessive daytime sleepiness (Brough
ton et al., Can J. Neural Sci 1979; 6:1-6, and Broughton et 
al., Can J. Neural Sci 1980; 7:23-30). 

XYREM® sodium oxybate oral solution, the FDA 
approved treatment for cataplexy and excessive daytime 
sleepiness associated with narcolepsy, contains 500 mg 

60 sodium oxybate/ml water, adjusted to pH=7.5 with malic 
acid. In man, the plasma half-life of sodium oxybate given 
orally is about 45 minutes and doses of 2.25 grams to 4.5 
grams induce about 2 to 3 hours of sleep (See, L. Borgen et 
al., J. Clin. Pharmacol., 40, 1053 (2000)). Due to the high 

An estimated 6 million Americans suffer the often baffling 
symptoms of fibromyalgia or chronic fatigue syndrome. 
Patients with fibromyalgia, also referred to as fibromyalgia 

65 doses required and very short half-life of sodium oxybate, 
optimal clinical effectiveness in narcolepsy typically 
requires dosing of the drug twice during the night, with 
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administration typically reconnnended at 2.5 to 4 hour 
intervals. For each dose, a measured amount of the oral 
solution is removed from the primary container and trans
ferred to a separate container where it is diluted with water 
before administration. The second dose is prepared at bed- 5 

time and stored for administration during the night. 

oxybate oral solution (Treatment A) and a sodium oxybate 
controlled release dosage form as described herein dosed at 
4 g (Treatment D) and 8 g (Treatment E). 

DETAILED DESCRIPTION 

Formulations and dosage forms for the controlled release 
of a drug are described herein. Formulations described 
herein ar~ suited to the controlled release of high dose drugs 

Liang et al. (published U.S. patent application US 2006/ 
0210630 Al) disclose administration of GHB using an 
immediate release component and a delayed release com
ponent. The delayed release component of the formulations 
taught in Liang et al., however, function in a pH dependent 
manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the delivery profile of sodium oxybate 
controlled release formulations as described herein. 

FIG. 2 shows the delivery profile of integrated dosage 
forms as described herein having an innnediate release 
component and a controlled release component. 

FIG. 3 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
pre_sent description can be altered by altering the coating 
weight of a functional coating. 

FIG. 4 provides a graph further illustrating that the 
controlled release profile of dosage forms prepared accord
ing ~o the ~resent description can be altered by altering the 
coatmg weight of a functional coating. 

FIG. 5 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
present description can be altered by altering the amount of 
pore former included within a functional coating. 

FIG. 6 provides a graph further illustrating that the 
~ontrolled release profile of dosage forms prepared accord
mg to the present description can be altered by altering the 
amount of pore former included within a functional coating. 

FIG. 7 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
present description can be altered by varying the molecular 
weight of a pore former included within a functional coating. 

FIG. 8 provides a graph illustrating that suitable con
trolled release profiles from dosage forms prepared accord
ing to the present description can be achieved even with 
functional coatings formed using different grades of the 
same base polymer material. 

FIG. 9A and FIG. 9B provide graphs illustrating the 
effects of alcohol on the delivery profile of sustained-release 
formulations prepared as described herein. 

FIG. 10 provides a graph illustrating the controlled 
release performance achieved by dosage forms as described 
herein having functional coatings prepared from aqueous 
dispersions of ethylcellulose as the base polymer. 

FIG. 11 provides a graph illustrating the controlled release 
performance achieved by dosage forms as described herein 
incorporating calcium oxybate as the drug. 

FIG. 12 provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 
controlled release dosage form as described herein (Treat
ment B). 

FIG. 13 provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 
controlled release dosage form as described herein (Treat
ment C). 

FIG. 14. provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 

10 
that are highly water soluble. In addition, in certain embodi
ments, the formulations described herein provide controlled 
release of drugs that are highly hygroscopic, even where 
such drugs must be administered at relatively high doses. In 
particular embodiments, the controlled release formulations 

15 
are provided as a unit dosage form, and in one such 
embodiment, the controlled release formulation is provided 
as a coated tablet. 

The formulations and dosage forms of the present inven
tion can also include an innnediate release component. The 

20 
innnediate release component can form part of a controlled 
release (CR) unit dosage form or may be a separate innne
diate release composition. Therefore, an immediate release 
(IR) component may be provided, for example, as a dry 
powder formulation, an innnediate release tablet, an encap-

25 sulated formulation, or a liquid solution or suspension. 
Howe_ver, the IR component may also be formulated as part 
of a smgle dosage form that integrates both the IR and CR 
components. In such an embodiment, the pharmaceutical 
formulation may be provided in the form of the coated tablet 

30 
or capsule. 

In specific embodiments, controlled release and innnedi
ate rel~ase fo_rmulations can be dosed together to a subject 
to provide qmck onset of action, followed by maintenance of 
therapeutic levels of the drug substance over a sustained 

35 
period of time. However, because the controlled release 
component and innnediate release component described 
herein ne~d not be present in a single dosage form, as it is 
used herem, the phrase "dosed together" refers to substan
tially simultaneous dosing of the controlled release and 

40 
)nnn~diat~ release components, but not necessarily admin-
1strat10n m the same dosage form. Dosing the controlled 
release and innnediate release components together offers 
increased convenience, allowing patients to quickly achieve 
and maintain therapeutic levels of a drug over a sustained 

45 
period of time, while reducing the frequency with which the 
drug must be dosed. Furthermore, dosing the controlled 
rele~se and_ innnediate release components together may 
av01d the disadvantages of dosing regimens and formula
tions that result in highly pulsatile plasma concentrations. 

50 
An example of a drug that may be used with the controlled 

release dosage forms described herein is GHB. It should be 
noted that embodiments of controlled release dosage forms 
comprising GHB, and other drugs, are presented herein for 
purposes of example only and not for purposes oflimitation. 

55 
The formulations and unit dosage forms provided herein can 
be utilized to achieve controlled release of GHB, as well as 
pharmaceutically acceptable salts, hydrates, tautomers, sol
vates and complexes of GHB. Suitable salts of GHB include 
the calcium, lithium, potassium, sodium and magnesium 

60 
salts. The structure of the sodium salt of GHB sodium 
oxybate, is given as formula (I): ' 

65 
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Methods of making GHB salts are described, for example, in 
U.S. Pat. No. 4,393,236, which is incorporated herein by 
reference. 

6 
to about 8 hours, about 5 to about 7 hours, and about 6 to 
about 10 hours, about 6 to about 9 hours, and about 6 to 
about 8 hours. 

Formulating GHB into a unit dosage form presents vari
ous challenges, and such challenges are magnified in the 5 

context of formulating a unit dosage form providing con
trolled release of GHB. For instance, GHB is very soluble, 
generally requires a relatively high dose, has a low molecu-

The compositions described herein facilitate production 
of controlled release dosage forms that provide a substan
tially constant drug release rate. In one embodiment, the 
controlled release dosage forms may be formulated to 
deliver not more than approximately 30% of the drug 
initially contained within the controlled release dosage form lar weight, and exhibits a short circulating half-life once 

administered. Therefore, a controlled release unit dosage 10 

form of GHB should be configured to deliver large doses of 
drug over a prolonged period of time, while being accept
ably sized for oral administration. However, controlled 
release formulations typically require the addition of sig
nificant amounts of excipients or rate controlling materials 15 

to control the delivery of drug, and the presence and need for 
such materials often limits the drug loading available for a 
given controlled release technology. Additionally, low 
molecular weight drugs, such as GHB, typically exhibit high 
permeability through films and matrices. Even further, high 20 

water solubility increases drug mobility and may preclude 
the use of some approaches utilized to achieved a controlled 
release dosage form. 

in the first hour post-administration. When referencing the 
amount of drug initially contained in the controlled release 
dosage form or "initial drug content" of the controlled 
release dosage form, for purposes of the present description, 
such amount refers to the total amount of drug included in 
the controlled release composition prior to administration to 
a patient. 

As is detailed herein, the controlled release dosage forms 
according to the present description include a controlled 
release component (also referred to as a controlled release 
"formulation") and, optionally, an immediate release com
ponent (also referred to as an immediate release "formula-
tion" or an immediate release "coating"). In specific embodi
ments, the controlled release dosage forms described herein 
may be formulated to deliver drug to the gastro-intestinal 
tract at desired rates of release or release profiles. For 
example, in some embodiments, controlled release dosage 
forms as described herein are formulated to release to the 
gastro-intestinal tract not more than about 10% to about 60% 
of the drug initially contained within the controlled release 
component of the controlled release dosage form during the 
first two hours post-administration, and not more than about 
40% to about 90% of the drug initially contained within the 
controlled release component of the controlled release dos
age form during the first four hours post-administration. In 

Another challenge to achieving a formulation capable of 
delivering GHB over a sustained period of time is the fact 25 

that some forms of GHB, such as the sodium salt of GHB, 
sodium oxybate, are extremely hygroscopic. As used herein, 
the term "hygroscopic" is used to describe a substance that 
readily absorbs and attracts water from the surrounding 
environment. The hygroscopic nature of sodium oxybate 30 

presents significant challenges to the formulation, produc
tion, and storage of dosage forms capable of delivering 
sodium oxybate over a sustained period of time. Despite the 
challenges noted, formulations and unit dosage forms pro
viding controlled release of GHB are described herein. 35 other embodiments, controlled release dosage forms as 

described herein are formulated to release to the gastro
intestinal tract not more not more than about 40% of the drug 
initially contained within the controlled release component 
in the first hour post-administration, not more than about 

A. Controlled Release Formulations 
As used herein, the term "controlled release" describes a 

formulation, such as, for example, a unit dosage form, that 
releases drug over a prolonged period of time. The con
trolled release compositions described herein may be pro
vided as a unit dosage form suitable for oral administration. 
In each embodiment of the controlled release compositions 
described herein, the drug incorporated in such composi
tions may be selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB. 

In certain embodiments, the controlled release composi
tions described herein are formulated as unit dosage forms 
that deliver therapeutically effective amounts of drug over a 
period of at least 4 hours. For example, controlled release 
unit dosage forms as described herein may be formulated to 
deliver therapeutically effective amounts of drug over a 
period selected from about 4 to about 12 hours. In specific 
embodiments, the controlled release dosage forms described 
herein deliver therapeutically effective amounts of drug over 
a period selected from about 4, about 5, about 6, about 7, 
about 8, about 9, about 10 hours, and about 12 hours. In 
other such embodiments, the controlled release dosage 
forms deliver therapeutically effective amounts of drug over 
a period selected from a range of about 4 to about 10 hours, 
about 5 to about 10 hours, about 5 to about 12 hours, about 
6 to about 10 hours, about 6 to about 12 hours, about 7 to 
about 10 hours, about 7 to about 12 hours, about 8 to about 
10 hours, and from about 8 to about 12 hours. In yet other 
embodiments, the controlled release dosage forms deliver 
therapeutically effective amounts of drug over a period 
selected from a range of about 5 to about 9 hours, about 5 

40 60% of the drug initially contained within the controlled 
release component during the first two hours post-adminis
tration, and not more than about 90% of the drug initially 
contained within the controlled release component during 
the first four hours post-administration. In still other 

45 embodiments, a controlled release dosage form as described 
herein may be formulated to release to the gastro-intestinal 
tract not more than about 30% of the initial drug content in 
the controlled release component in the first hour post
administration, not more than about 60% of the initial drug 

50 content in the controlled release component during the first 
two hours post-administration, and not more than about 90% 
of the initial drug content of the controlled release compo
nent during the first four hours post-administration. In other 
embodiments, a controlled release dosage form as described 

55 herein may be formulated to release to the gastro-intestinal 
tract not more than about 50% of the initial drug content of 
the controlled release component during the first hour post
administration, between about 50 and about 75% of the 
initial drug content of the controlled release component after 

60 two hours, and not less than 80% of the initial drug content 
of the controlled release component after four hours post 
administration. In still other embodiments, a controlled 
release dosage form as described herein may be formulated 
release to the gastro-intestinal tract not more than about 20% 

65 of the initial drug content of the controlled release compo
nent during the first hour post-administration, between about 
5 and about 30% of the initial drug content of the controlled 
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also providing GHB plasma concentrations of at least 10 
µg/mL over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours. 

Drug delivery performance provided by the dosage forms 
described herein can be evaluated using a standard USP type 
2 or USP type 7 dissolution apparatus set to 37° C.±2° C. 
under the conditions described, for example, in the experi
mental examples provided herein. The dissolution media 

release component after two hours, between about 30% and 
about 50% of the initial drug content of the controlled 
release component after 4 hours, between about 50% and 
about 70% of the initial drug content of the controlled 
release component after 6 hours, and not less than about 5 

80% of the initial drug content of the controlled release 
component after 10 hours post administration. In yet other 
embodiments, a controlled release dosage form as described 
herein may be formulated to release to the gastro-intestinal 
tract not more than about 20% of the initial drug content of 
the controlled release component after the first hour post
administration, between about 20% and about 50% of the 
initial drug content of the controlled release component after 

10 may be selected from dissolution media known by those of 
skill in the art such as at least one of purified water, 0.lN 
HCl, simulated intestinal fluid, and others. 

In particular embodiments, the controlled release formu
lations described herein work to reduce inter patient vari-2 hours, between about 50% and about 80% of the initial 

drug content of the controlled release component after 4 
hours, and not less than 85% of the initial drug content of the 
controlled release component after 8 hours post-administra
tion. The rate and extent of the absorption of GHB varies 
along the length of the GI tract with lower amounts absorbed 
in the more distal portions (i.e., the ileum and the colon). 

Due to the rapid clearance ofGHB from the plasma, when 
GHB is administered in an immediate release formulation, 
even large doses of the drug ( e.g., a dose of between about 
2.25 g and 4.5 g) generally result in plasma levels below 10 
ug/mL within 4 hours of ingestion. In order to achieve 
therapeutic efficacy, therefore, a second, equal, dose is often 
required within 4 hours after administration of the first dose, 
and some patients may require administration of a second as 
soon as 2.5 hours after administration of the first dose. In 
such an instance, in order to maintain therapeutic efficacy, 
4.5 g to 9 g of drug must be administered to the patient in 
two separate doses within 2 to 5 hours. This also requires 
that the second dose be administered during the night, which 
requires that the patient be awakened to take the second 
dose. The result is that the Cmax/Cmin ratio of GHB over an 
six hour period can be greater than 4 and is often greater than 

15 ability in delivery of GHB. In particular, controlled release 
formulations described herein provide time dependent 
release of GHB over a sustained period of time. Previous 
references have described targeted release dosage forms of 
GHB that function in a pH dependent manner. However, due 

20 to inter-subject variability in gastrointestinal pH conditions, 
delivery of GHB from such dosage forms can be inconsis
tent. Moreover, because relatively high doses of GHB are 
typically required for therapeutic effect, unit dosage forms of 
GHB are also relatively large and may be retained for a 

25 period of time in the stomach, which can lead to intra- and 
inter-patient variability in dose delivery of GHB from pH 
dependent delivery systems due to variability in gastric 
retention time. Further, patients with fibromyalgia have an 
increased chance of also suffering from irritable bowel 

30 syndrome (see, e.g., Fibromyalgia in patients with irritable 
bowel syndrome. An association with the severity of the 
intestinal disorder, Int J Colorectal Dis. 2001 August; 16( 4): 
211-5.) Irritable bowel syndrome is also associated with 
delayed gastric emptying and variable gastric emptying (see, 

35 e.g., Dyspepsia and its overlap with irritable bowel syn
drome, Curr Gastroenterol Rep. 2006 August; 8( 4):266-72.) 
Therefore many patients with fibromyalgia and suffering 
from irritable bowel syndrome may experience more vari
ability in gastric transit or prolonged gastric transit. By 

8. In certain embodiments, for a given dose of GHB, 
administration of GHB using controlled release dosage 
forms as described herein can achieve a rapid rise in plasma 
concentrations of GHB, but with a prolonged duration of 
plasma levels above 10 µg/mL. In certain such embodi
ments, a GHB controlled release dosage form as described 
herein provides a Cmax to Cmin ratio of GHB over a 
prolonged period of time after administration selected from 
less than 3 and less than 2. Therefore, in specific embodi- 45 

ments, the controlled release dosage forms described herein 
provided controlled delivery of GHB that results in a Cmax 

40 operating in a time dependent manner once placed in an 
aqueous environment, controlled release formulations 
described herein offer consistent GHB delivery characteris
tics and reduce the likelihood of undesirable intra- and 
inter-patient inconsistencies in dose delivery that may result 
from variances in gastric retention time that can occur 
between different patients and different patient populations. 

Controlled release formulations described herein may be 
formulated to completely release a drug within a desired 
time interval. As has been reported, the bioavailability of 

to Cmin ratio ofGHB selected from less than 3 and less than 
2 over a period of time selected from up to about 5 hours, 
up to about 6 hours, up to about 7 hours, up to about 8 hours, 
up to about 9 hours, and up to about 10 hours. For example, 
in particular embodiments, the controlled release dosage 
forms described herein provided controlled delivery of GHB 
that results in a Cmax to Cmin ratio of GHB selected from 
less than 3 over a period of time selected from up to about 
5 hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours, while 
also providing GHB plasma concentrations of at least 10 
µg/mL over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours. In 
still other embodiments, the controlled release dosage forms 
described herein provided controlled delivery of GHB that 
results in a Cmax to Cmin ratio of GHB selected from less 
than 2 over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours, while 

50 GHB decreases in the lower GI, with bioavailability decreas
ing the lower the drug is delivered in the GI (See, e.g., U.S. 
Patent Publication No. US2006/0210630). Therefore, in 
certain embodiments, the controlled release dosage forms 
are provided that deliver substantially all the GHB contained 

55 therein over a sustained period of time that is long enough 
to increase patient convenience, yet short enough to reduce 
dosing of GHB in the lower GI. In specific embodiments, 
controlled release GHB dosage forms are provided that 
deliver approximately 90% or more of the GHB contained 

60 within the controlled release formulation within about 4 to 
about 10 hours of administration. For example, dosage 
forms for the controlled release of GHB as described herein 
may be formulated to deliver approximately 90% or more of 
the drug included within the controlled release formulation 

65 within about 4, 5, 6, 7, 8, 9, 10, or 12 hours of administra
tion. In one such embodiment, a dosage form for the 
sustained delivery of GHB according to the present descrip-
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tion is formulated to deliver more than 90% of the GHB 
included within the controlled release formulation within 12 
hours post-administration. Such embodiments serve to not 
only provide controlled release of GHB, but they also work 
to deliver GHB where bioavailability is highest, which can 
also provide increased dose consistency. 

The controlled release dosage forms described herein may 
comprise a relatively high concentration of drug that can, in 
some instances, harm a patient if the formulation releases the 
drug at a rate that is faster than the intended sustained rate. 
This rapid release of the drug is sometimes referred to as 
"dose dumping." To avoid this potential danger, certain 
embodiments of the controlled release dosage forms 
described herein may comprise formulations that are resis
tant to dose dumping. Some users may intentionally attempt 
to increase the drug release rate of the controlled release 
dosage form using alcohol (e.g., potential abusers may take 
the controlled release dosage form prior to, simultaneously 
with, or after consuming an alcoholic beverage or, alterna
tively, may seek to extract the drug from the controlled 
release dosage form by placing the dosage form in solution 
containing alcohol). Other users may take the dosage form 
with alcohol, not necessarily in a manner considered abuse 
of the drug or alcohol, but without regard for the potential 
risks of dose dumping or contraindication of the two sub
stances. In one embodiment, a controlled release dosage 
form as disclosed herein may include a coating composition 
that is resistant to alcohol or that does not dissolve substan
tially faster in alcohol. In one such embodiment, the con
trolled release dosage form may comprise the drug sodium 
oxybate and include a coating composition including ethyl
cellulose that is resistant to dose dumping in alcohol. In 
another embodiment, the controlled release dosage form 
may include a coating composition that is resistant to dose 
dumping after administration. For example, the controlled 
release dosage form may include a coating composition that 
is resistant to dose dumping in the GI tract after being 
exposed to gastric fluid and intestinal fluid. 

In certain embodiments, the controlled release formula
tions described herein are provided as a coated tablet com
position having a controlled release core coated by a func
tional overcoat. The composition of the controlled release 
core provided in such embodiments facilitates high drug 
loading, thereby, rendering the coated tablet suitable for 
formulation and sustained delivery of drugs administered at 
high doses. The functional overcoat works to control deliv
ery of drug from the controlled release core and maintain the 
structural integrity of the dosage form over time. In addition 

10 
mg to about 12 g of drug in one or more tablets. In particular 
embodiments, a CR core included in a controlled release 
dosage form according to the present description may 
include an amount of drug selected from about 100 mg to 

5 about 2,000 mg. In some such embodiments, the amount of 
drug included in the CR core may be selected from up to 
about 250 mg, 400 mg, 500 mg, 600 mg, 700 mg, 750 mg, 
800 mg, 900 mg, 1,000 mg, 1,100 mg, 1,200 mg, 1,400 mg, 
1,500 mg, 1,600 mg, 1,700 mg, 1,800 mg, 1,900 mg, and 

10 2,000 mg. In certain such embodiments, the amount of drug 
included in a CR core as described herein may range from 
about 500 mg to about 2,000 mg, such as, for example, about 
500 mg to 1,000 mg, about 600 mg to 1,000 mg, about 600 
mg to 900 mg, about 600 mg to 800 mg, about 700 mg to 

15 1,000 mg, about 700 mg to 900 mg and about 700 mg to 850 
mg. In other such embodiments, the amount of drug 
included in a CR core as described herein may range from 
about 700 mg to about 2,000 mg, such as, for example, about 
700 mg to 1,500 mg, about 700 mg to 1,400 mg, about 700 

20 mg to 1,300 mg, about 700 mg to 1,200 mg, about 700 mg 
to 1,100 mg, about 700 mg to 1,000 mg, about 700 mg to 900 
mg, and about 700 mg to 850 mg. 

In one embodiment, the controlled release dosage form 
comprises a CR core wherein the relative amount drug in the 

25 CR core is at least 90% or greater by weight. In another 
embodiment, the relative amount of drug in the CR core 
ranges from between about 90% and 98%, about 91% and 
98%, about 92% and 98%, about 93% and 98%, about 94% 
and 98%, about 95% and 98%, about 96% and 98%, and 

30 between about 97% and 98% by weight of the CR core. In 
yet another embodiment, the relative amount of drug in a CR 
core may be present at an amount selected from about 90%, 
91 %, 92%, 93%, 94%, 95%, 96%, 97%, and 98% by weight 
of the CR core. In certain such embodiments, the amount of 

35 drug in the CR core may range from about 94 to 98%, 94 to 
97%, 94 to 96%, 95 to 98%, 95 to 97%, and 95 to 96.5% by 
weight of the CR core. 

In one embodiment, the controlled release dosage form 
comprises a CR core that includes drug substance in com-

40 bination with one or more excipients, such as binders, fillers, 
diluents, disintegrants, colorants, buffering agents, coatings, 
surfactants, wetting agents, lubricants, glidants, or other 
suitable excipients. In one embodiment, a CR core as 
disclosed herein can include one or more binders that are 

45 known for use in tablet formulations. In one such embodi-
ment, a CR core may include at least one binder selected 
from hydroxypropyl cellulose (HPC), ethylcellulose, 
hydroxypropyl methylcellulose (HPMC), hydroxyethyl cel-

to the controlled release core and functional overcoat, the 
coated tablet composition as described herein may further 50 

include a moisture barrier or cosmetic coating disposed over 
the functional overcoat. 

lulose, povidone, copovidone, pregelatinized starch, dextrin, 
gelatin, maltodextrin, starch, zein, acacia, alginic acid, car
bomers ( cross-linked polyacrylates ), polymethacrylates, car-
boxymethylcellulose sodium, guar gum, hydrogenated veg
etable oil (type 1), methylcellulose, magnesium aluminum 
silicate, and sodium alginate. In specific embodiments, the 

I. Controlled Release Component 
Where the controlled release formulations described 

herein are formulated as a coated tablet having a controlled 
release core (CR core), the CR core includes at least one 
drug substance to be delivered from the controlled release 
dosage form. The drug included in the CR core may be 
selected from GHB and pharmaceutically acceptable salts, 
hydrates, tautomers, solvates and complexes of GHB. 
Examples of suitable salts of GHB include the calcium, 
lithium, potassium, sodium and magnesium salts. The CR 
core is formulated and configured to be suitable for oral 
administration. In one embodiment, coated tablets as 
described herein may be administered to provide a dose of 
GHB or a pharmaceutically acceptable salt, hydrate, tau
tomer, solvate or complex of GHB in a range of about 500 

55 CR core included in a controlled release dosage form as 
disclosed herein may comprise binder levels ranging from 
approximately 1 % to 10% by weight. For example, the CR 
core may include a binder in an amount selected from about 
1 %, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 6%, 7%, 

60 8%, 9%, and 10% by weight. In certain such embodiments, 
the amount of binder included in the CR core may range 
from about 1 to 2%, 1 to 3%, 1 to 4%, 1 to 5%, 1 to 6%, 1 
to 7%, 1 to 8%, 1 to 9% and 1 to 10% by weight. 

The CR core may include one or more lubricants to 
65 improve desired processing characteristics. In one embodi

ment, the CR core may include one or more lubricants 
selected from at least one of magnesium stearate, stearic 
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acid, calcium stearate, hydrogenated castor oil, hydroge
nated vegetable oil, light mineral oil, magnesium stearate, 
mineral oil, polyethylene glycol, sodium benzoate, sodium 
stearyl fumarate, and zinc stearate. In another embodiment, 
one or more lubricants may be added to the CR core in a 5 

range of about 0.5% to 5% by weight. In particular embodi
ments, a CR core as disclosed herein may comprise a 
lubricant in a range of about 0.5% to 2% by weight, about 

the coating composition is formulated to facilitate controlled 
release of a drug selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB. In one such embodiment, the coating 
composition is sufficiently robust to preserve the integrity of 
the coated tablet pre- and post-administration, yet is subject 
to disintegration or crushing as it passes through a patient's 
gastrointestinal tract and after all or substantially all the drug 
substance contained within the controlled release formula-1 % to 2% by weight, about 1 % to 3% by weight, about 2% 

10 tion has been delivered. Such a feature reduces the risk that to 3% by weight, and about 2% to 4% by weight. In one such 
embodiment, one or more lubricants may be present in the 
CR core in an amount selected from about 0.5%, 1 %, 1.5%, 
2%, 2.5%, 3%, 3.5%, 4%, 4.5%, and 5% by weight. Still 
lower lubricant levels may be achieved with use of a 
"puffer" system during tabletting, which applies lubricant 15 

directly to the punch and die surfaces rather than throughout 
the formulation. 

bezoars formed from intact dosage form shells will form or 
be maintained within the GI tract of a patient, which may be 
of particular concern where the drug to be delivered must be 
administered at high doses using multiple unit dosage forms. 

In one embodiment, a functional coating composition as 
disclosed herein may control, at least in part, the rate of 
release of the drug to be delivered from the CR core into the 
gastrointestinal tract. In one embodiment, the functional 
coating composition provides a functional coat that partly or 

The CR core may also include one or more surfactants. In 
certain embodiments, the CR core may include a tableted 
composition that may comprise one or more surfactants 
selected from, for example, ionic and non-ionic surfactants. 
In one such embodiment, CR core may include at least one 
anionic surfactant, including docusate sodium ( dioctyl sulfo
succinate sodium salt) and sodium lauryl sulfate. In yet 
another embodiment, the CR core may include at least one 
non-ionic surfactant selected from including polyoxyethy
elene alkyl ethers, polyoxyethylene stearates, poloxamers, 
polysorbate, sorbitan esters, and glyceryl monooleate. In 
specific embodiments, one or more surfactants included in a 
CR core as disclosed herein may be present, for example, in 
an amount ofup to about 3.0% by weight of the CR core. For 
example, in certain embodiments, the CR core may include 
one or more surfactants present in a range selected from 
about 0.01 % to 3%, about 0.01 % to 2%, about 0.01 % to 1 %, 
about 0.5% to 3%, about 0.5% to 2%, and about 0.5% to 1 % 
by weight of the CR core. 

The CR core included in controlled release dosage form 
as disclosed herein may also include fillers or compression 
aids selected from at least one oflactose, calcium carbonate, 
calcium sulfate, compressible sugars, dextrates, dextrin, 
dextrose, kaolin, magnesium carbonate, magnesium oxide, 
maltodextrin, mannitol, microcrystalline cellulose, pow
dered cellulose, and sucrose. In another embodiment, a CR 
core may be prepared by blending a drug and other excipi
ents together, and the forming the blend into a tablet, caplet, 
pill, or other dosage form according to methods known by 
those of skill in the art. In certain embodiments, a controlled 
release formulation as described herein may comprise a 
solid oral dosage form of any desired shape and size 
including round, oval, oblong cylindrical, or triangular. In 
one such embodiment, the surfaces of the CR core may be 
flat, round, concave, or convex. 

The CR core composition included in a controlled release 
formulation provided as a coated tablet dosage form as 
described herein may be manufactured using standard tech
niques, such as wet granulation, roller compaction, fluid bed 
granulation, and direct compression followed by compres
sion on a conventional rotary tablet press as described in 
Remington, 20th edition, Chapter 45 (Oral Solid Dosage 
Forms). 

II. Functional Coating Composition 
Where the controlled release formulations as described 

herein are provided as a coated tablet composition, the CR 
core is coated with a functional coating. The coating com
position works to preserve the integrity of the unit dosage 
form post administration and serves to facilitate controlled 
release of drug from the CR core. In certain embodiments, 

20 fully covers the CR core included in the controlled release 
dosage form. In one embodiment, the functional coating 
composition as disclosed herein may include a polymer or 
blends of compatible polymers that are water soluble or that 
are water insoluble and selected to exhibit desired perme-

25 ability characteristics. In one embodiment, the functional 
coating composition has a permeability that may be adjusted 
according the solubility of the drug used in the CR core. In 
one such embodiment, the functional coating composition 
may comprise one or more water insoluble polymers that 

30 may swell but do not substantially dissolve in the GI tract. 
For example, in particular embodiments, a functional coat
ing composition as disclosed herein may comprise a rate
limiting film that includes at least one of ethylcellulose, 
cellulose acetate, such as CA-398. In other embodiments, 

35 the functional coating may include combinations of ethyl
cellulose with ammonia methacrylate copolymers, such as 
EUDRAGIT RS, EUDRAGIT RL, and combinations 
thereof. Suitable ethylcellulose materials are readily com
mercially available, and include, for example, ETHOCEL 

40 ethylcellulose polymers. Where ethylcellulose is used to 
form the functional coating, the physical characteristics of 
the coating composition and residual shell may be modified 
by adjusting the molecular weight of the ethylcellulose. For 
example, different grades of ethylcellulose, including, but 

45 not limited to, 4 cP, 7 cP, 10 cP, and 20 cP grades, may be 
used to achieve a coating composition having desired physi
cal characteristics. 

A functional coating composition as disclosed herein may 
include one or more base polymer and at least one pore-

50 former. In one embodiment, the base polymer content may 
range from about 50% to about 80% by weight of the coating 
composition. In certain embodiments, the base polymer may 
be present in an amount ranging from about 50% to 75%, 
about 55% to 75%, about 60% to 75%, and about 65% to 

55 75% by weight of the coating composition. In one such 
embodiment, the base polymer may be present in an amount 
selected from about 50%, 55%, 60%, 65%, 70%, 75%, and 
80% by weight of the coating composition. In cases where 
a filler material is used (e.g., insoluble, non film-forming 

60 material such as magnesium stearate, talc, or fumed silica), 
these limits apply to the composition of the remaining 
non-filler components in the film. 

The permeability of the base polymer included in a 
functional coating as described herein may be modified by 

65 including a pore former in the base polymer. In one such 
embodiment, the functional coating composition including 
the pore former may be obtained by combining the pore 
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former with the base polymer material in solution according 
to conventional techniques. A pore former as disclosed 
herein may include at least one polymeric pore former, such 

14 

as hydroxyalkyl cellulose, hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, polyethylene glycols, polyvinyl 5 

alcohol, povidone, copovidone, and poloxamers, such as 
188 or 407. In one embodiment, a pore former as disclosed 
herein may include at least one small-molecule pore former, 
such as a water soluble sugar or organic acid, including, for 
example, citric acid or sorbitol. In one such embodiment, a 10 

small-molecule pore former may be water soluble active 
agent, such as a pharmaceutically acceptable salt of GHB. In 
yet another embodiment, the pore former may comprise a 
polymer that expands in the presence of the drug included in 

15 
the CR core, wherein expansion of the pore former may 
cause an increase in permeability of the functional coating 
composition. For example, in some embodiments, the func
tional coating composition may comprise a pore former that 
that expands or swells in the presence of sodium oxybate. In 20 

one such embodiment, the pore former includes a suitable 
carbomer. 

The functional coating composition as disclosed herein 
may also include an anti-tack agent. For example, certain 
embodiments of the functional coating composition may 
include an anti-tack agent selected from one or more of talc, 
glyceryl monostearate, and magnesium stearate. Many of the 
anti-tack agents are also suitable fillers. Addition of fillers, 
especially magnesium stearate, is one way to make the film 
more brittle and the dosage form more prone to crushing as 
it transits through the GI. Depending on forces encountered 
in the GI, varying the filler level in the film may allow one 
to adjust the duration, or extent of drug delivered, at which 
breach of the film and abrupt release of remaining contents 
occurs. 

The functional coating composition as disclosed herein 
may be applied to a CR core at a weight that facilitates a 
suitable combination of sustained drug release and dosage 
form structural integrity. In certain embodiments, the func
tional coating composition may be applied at a weight of 
about 10 to about 100 mg. In particular embodiments, for 
example, the functional coating may be applied at a weight 
selected from about 20 to 60 mg, about 20 to 50 mg, about 
20 to 40 mg, about 20 to 30 mg, about 30 to 60 mg, about 
30 to 50 mg, about 30 to 40 mg, about 40 to 60 mg, about 
40 to 50 mg, and about 50 to 60 mg. These ranges are useful 

Where used in the functional coating composition, a pore 
former or a pore-forming agent can be selected to modify the 
permeability of the coating composition provided over the 
CR core. For example, the permeability of the functional 
coating composition may be increased by including one or 
more pore formers or pore-forming agents in the coating 
composition. In one embodiment, the pore formers disclosed 
herein may be soluble in water. In one such embodiment, 
when a CR dosage form comprising a functional coating 
composition with at least one pore former is swallowed by 
a patient and contacted with gastric fluid, the water-soluble 
pore formers may dissolve and form pores or channels in the 
coating through which the drug is released. It is possible to 
use an enteric component as part or all of the pore former in 
the coating composition. Examples of such materials that 
may be used as a pore former in the context of the present 
description include cellulose acetate phthalate, methacrylic 
acid-methyl methacrylate copolymers, and polyvinyl acetate 
phthalate. However, incorporating enteric components in the 
film may result in delivery characteristics that exhibit some 
level of sensitivity to gastric and intestinal transit times. 

Where included, the amount and nature of the pore former 
included in the functional coating composition can be 
adjusted to obtain desired release rate characteristics for a 
given drug substance. In one embodiment, the functional 
coating composition may include an amount of pore former 
that ranges from about 20% to about 50% by weight of the 
coating composition. For example, the pore former may be 
present in an amount ranging from about 20% to 45%, about 
25% to 45%, about 30% to 45%, and about 35% to 45% by 
weight of the functional coating composition. In one such 
embodiment, the pore former may be present in an amount 
selected from about 20%, 25%, 30%, 35%, 40%, 45%, and 
50% by weight of the functional coating composition. 

The functional coating composition as disclosed herein 
may also comprise one or more plasticizers. In certain 
embodiments, the functional coating composition may 
include a plasticizer such as triethyl citrate or dibutyl 
sebacate. In one such embodiment, a plasticizer may be 
present in the functional coating composition in an amount 
ranging from about 5% to 15% by weight relative to the base 
polymer. In certain embodiments, the functional coating 
composition may include a plasticizer in an amount selected 
from about 5%, 8%, 10%, 12%, and 15% by weight relative 
to the base polymer. 

25 for oval tablets of about 500 mg to about 1000 mg in weight. 
Alternatively, for a given tablet size or weights, the func
tional coating composition as disclosed herein may be 
applied at between about 2.5% and 7.5% of the tablet 
weight. For example, in one such embodiment, where the 

30 tablet is a 2,000 mg oval tablet, a functional coating com
position may be applied at a weight ranging from about 50 
mg to about 150 mg. 

In addition to adjusting the amount or nature of the pore 
former included in the functional coating composition, the 

35 release rate of drug provided by the controlled release 
dosage form disclosed herein may be adjusted by modifying 
the thickness or weight of the functional coating composi
tion. For example, a more rapid release rate will generally be 
achieved as the amount of a given pore former included in 

40 the functional coating composition is increased or the thick
ness or weight of the coating composition applied over the 
CR core is decreased. Conversely, a slower or more con
trolled release may be achieved, generally, as relatively less 
of a given pore former is included in the functional coating 

45 composition or the thickness or weight of the coating 
composition applied to the CR core is increased. Addition
ally, in certain embodiments, the release rate of drug from 
the CR core may be adjusted by modifying the water content 
of the functional coating composition. For example, increas-

50 ing the water content of the functional coating composition 
may increase the release rate of drug the CR core. 

The functional coating compositions as disclosed herein 
may be applied to a CR core according to conventional 
coating methods and techniques. In one embodiment, the 

55 functional coating composition as disclosed herein may be 
applied using a conventional perforated pan coater. In 
another embodiment, the functional coating composition 
may be applied using an aqueous pan-coating process. In 
one such embodiment, the use of an aqueous pan-coating 

60 process may include the use of a latex dispersion. For 
example, a latex dispersion such as SURELEASE may be 
used for an ethylcellulose pan-coating process. In another 
example, a latex dispersion such as EUDRAGIT RS 30 D 
may be used in a pan-coating process for ammonio-meth-

65 acrylates. In yet another embodiment, the functional coating 
composition may be applied using a solvent-based pan
coating process. In one such embodiment, a solvent-based 
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pan-coating process may include the use of an alcohol 
solvent, such as ethanol. For example, an alcohol-solvent 
based pan-coating process may utilize a 95% ethanol and 
5% water (w/w) solvent. 

In one embodiment, the functional coating compositions 
as described herein may be applied using a fluid bed coating 
process such as a Wurster fluid bed film coating process. In 
another embodiment, the functional coating composition 
may be applied using a compression coating process. In yet 
another embodiment, the functional coating composition 
may be applied using a phase inversion process. In certain 
embodiments, the functional coating composition as dis
closed herein may be applied over a suitable subcoating. 

III. Moisture Barrier/Cosmetic Coatings 
When a controlled release formulation or dosage form is 

provided as a coated tablet, in some embodiments, it may be 
coated with a moisture barrier or a moisture-resistant coating 
composition. For example, a controlled release dosage form 
as disclosed herein comprising GHB as the drug substance 
may include a moisture barrier. In another example, a 
moisture barrier may be particularly useful where sodium 
oxybate is used as the drug substance. In one embodiment, 
the moisture barrier may be a polyvinyl alcohol-based 
coating, such as OPADRY AMB (Colorcon Inc., Harleys
ville, Pa.). In another embodiment, the moisture barrier may 

16 
therein within a period of less than one hour after adminis
tration. In particular embodiments, the IR component of the 
compositions described herein release more than about 95% 
of the drug contained therein within a period selected from 

5 less than 45 minutes, less than 30 minutes, and less than 15 
minutes post-administration. In other embodiments, the IR 
component of the compositions described herein release 
more than about 80% of the drug contained therein within a 
period selected from less than 45 minutes, less than 30 

10 minutes, and less than 15 minutes post-administration. 
In certain embodiments, the IR formulation is provided as 

an immediate release component of a controlled release 
dosage form as described herein. In one such embodiment, 
the IR component is provided as a coating over a controlled 

15 release component or formulation as described herein. A unit 
dosage form that integrates both controlled release and 
immediate release components can increase the convenience 
and accuracy with which a drug such as GHB is dosed to 
patients by providing a unit dosage form that not only 

20 provides quick onset of action, but also sustained delivery of 
GHB to the patient over a prolonged period of time. Fur
thermore, where the drug to be delivered is selected from 
GHB and pharmaceutically acceptable salts, hydrates, tau
tomers, solvates and complexes of GHB, dosing controlled 

25 release and immediate release formulations together may 
avoid the disadvantages of the current GHB dosing regi
mens, which can result in highly pulsatile plasma concen
trations. 

be a hydroxypropyl methylcellulose (HPMC)/wax-based 
coating, such as AQUARIUS MG (AshlandAqualon, Wilm
ington, Del.). In yet another embodiment, the moisture 
barrier may be a HPMC/stearic acid-based coating. The 
moisture barrier as disclosed herein, in some embodiments, 30 

may be formed using a reverse enteric material, such as 
EUDRAGIT E, and may be coated from alcohol or alcohol/ 
water solutions or from an aqueous latex dispersion. In 
embodiments where the controlled release dosage form is 
provided as a tablet of about 500 mg-1000 mg in weight, for 
example, the moisture barrier coating may be applied at a 
weight selected from about 10 mg to about 60 mg/tablet and 
about 25 mg to about 50 mg/tablet. In general, a minimum 
weight is needed to ensure complete coverage of the tablet 

I. Immediate Release Component 
When the immediate release formulation is provided as an 

integrated IR component of a controlled release dosage 
form, the amount of drug included in the IR component may 
range from about 10% to 50% by weight of the total drug 
included in the integrated dosage form. As used herein, 

35 "integrated dosage form" refers to a single unit dosage form 
that includes both immediate release and controlled release 
components as described herein. For example, where the 
drug to be delivered from the immediate release and con
trolled release formulations incorporated into an integrated 
dosage form is selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com-

in light of imperfections in the tablet surface, and a maxi- 40 

mum weight is determined by practical considerations, such 
as coating time, or by the need for better moisture protection. 

As will be readily appreciated, the controlled release 
dosage form can be further provided with a cosmetic top 
coat. In one embodiment, a top-coat may be applied to an 45 

existing coating composition such as a moisture barrier. In 
certain embodiments, a cosmetic top-coat may include at 
least one ofHPMC and copovidone. For example, when the 
controlled release dosage form includes a coated tablet 
comprising sodium oxybate as the drug, a top-coat including 50 

HPMC, such as for example an HPMC material selected 
from one or more ofHPMC E3, E5, or E15, may be applied 
over a moisture barrier to improve the effectiveness of the 
moisture barrier by reducing any seepage of sodium oxybate 
and water from the surface of the coated tablet. 55 

B. Immediate Release Formulations 

plexes of GHB in some embodiments, the drug included in 
the IR component may comprise about 10% to about 50% by 
weight of the total drug included in the unit dosage form. In 
one such embodiment, the drug included in the IR compo
nent of an integrated dosage form may comprise about 10%, 
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by weight 
of the total drug included in the unit dosage form. For 
example, an integrated dosage form as described herein may 
contain 1000 mg sodium oxybate, wherein 100 mg to 500 
mg sodium oxybate (10% to 50% by weight) is contained 
within and delivered from the IR component and 500 mg to 
900 mg sodium oxybate (50% to 90% by weight) is con
tained within and delivered from the CR component. 

Where the IR component is provided as a coating over a 
controlled release dosage form, in certain embodiments, the 
drug included in the IR component may account for between 
about 75% and 98% by weight of the IR formulation. In the 
context of describing an IR component provided over a 

The controlled release formulations described herein can 
be dosed together with an immediate release (IR) formula
tion. In one embodiment, the IR formulation may be pro
vided as a separate formulation or dosage form that may be 
dosed together with a dosage form provided by a controlled 
release dosage form as described herein. The IR formulation 
may be provided in any suitable form, such as a dry powder 
formulation, a tablet or capsule unit dosage form, or a liquid 
formulation such as a solution or suspension formulation. As 
used herein, "immediate release" refers to a drug formula
tion that releases more than about 95% of the drug contained 

60 controlled release dosage form as described or disclosed 
herein, the controlled release dosage forms referred to 
include the controlled release formulations described herein, 
including, in specific embodiments, CR cores coated with a 
functional coating as described herein. Again, the drug 

65 included in such an embodiment may be selected from GHB 
and pharmaceutically acceptable salts, hydrates, tautomers, 
solvates and complexes of GHB. In certain embodiments, 
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the IR component may comprise sodium oxybate in an 
amount of selected from a range of between about 75% and 
98%, between about 80% and 98%, between about 85% and 
98%, between about 90% and 98%, and between about 95% 
and 98% by weight. 

An IR component formed as a coating over a controlled 
release dosage form as disclosed herein may be applied as a 
tableted overcoat according to conventional tablet coating 
and binding methods. Alternatively, an IR component 
formed as a coating over a controlled release dosage form as 
disclosed herein may be applied as a film coating, such as, 
for example, from a solution containing a suitable amount of 
drug and film former. In one such embodiment, wherein 
sodium oxybate is the drug included in the IR component, 
the coating forming the IR component may be coated over 
a controlled release dosage form from a coating solution that 
utilizes an alcohol and water solvent. For example, a suitable 
immediate release coating may be formed using a 20% 
solution of sodium oxybate in a 60%/40% (w/w) alcohol/ 
water solution that contains a suitable film-former. 

Where the IR component is provided as a film coat and 
includes one or more film-formers, suitable film formers 
may be selected from, for example, copovidone, hydroxy
propyl cellulose, HPMC, and hydroxymethyl cellulose 
materials. An IR component containing sodium oxybate as 
the drug can be applied as a suspension or as a solution by 
adjusting the water content of the coating mixture. For a 
suspension, little or no water is added to the alcohol, and the 
example film formers should be suitable. To prepare a 
solution, however, the water content of the solvent is 
increased, for example to 40%, and a smaller set of film 
formers would be suitable due to the precipitation of most 
common film formers in the presence of sodium oxybate 
solution. Hypromellose is one of several potential film 
formers that is suitable. It is further possible, with more 
difficulty, to apply the sodium oxybate from an aqueous 
solution; however, the same limitations on film former 
applies, and processing is complicated by the hygroscopic 
nature of the drug. In one embodiment, the IR component 
useful for use in a controlled release dosage form as 
described herein includes 91 % sodium oxybate and 9% 
hypromellose (HPMC E-15) that is applied from a solution 
containing 20% sodium oxybate and 2% HPMC E-15 in a 
60/40 w/w ethanol/water solvent. 

Where the IR component of an integrated dosage form is 
provided as a coating over the controlled release dosage 
form, the coating forming the IR component may further 
include one or more of an anti-tack agent and a plasticizer 
to facilitate processing and to improve film properties. 
Furthermore, addition of one or more surfactants, such as 
sodium lauryl sulfate, may improve the dissolution of IR 
coatings that contain hydrophobic components (such as 
anti-tack agents or water-insoluble film formers). 

In embodiments where the IR component is provided as 
a coating over a controlled release formulation as described 
herein, the IR component may be positioned directly over 
the functional coating of the controlled release formulation. 
Where desired or necessary based on the drug to be deliv
ered from the IR component and controlled release formu
lation included in such an integrated dosage form, the outer 
surface of the IR component may then be coated with a 
moisture barrier layer. For example, where the drug deliv
ered by the integrated dosage form is highly hygroscopic, 
such as, for example, sodium oxybate, a moisture barrier 
layer over the immediate release coating forming the IR 
component may be provided. 

The formulation and structure of integrated dosage forms 
as described herein can be adjusted to provide a combination 
of immediate release and controlled release performance 
that suits a particular dosing need. In particular, the formu
lation and structure of integrated dosage forms as described 

18 
herein can be adjusted to provide any combination of the 
immediate release and controlled release performance char
acteristics described herein. In particular embodiments, for 
example, the drug delivered from an integrated dosage form 

5 as described herein is selected from GHB and pharmaceu
tically acceptable salts, hydrates, tautomers, solvates and 
complexes of GHB, and the integrated dosage form sustains 
delivery of GHB over a period of from about 4 to about 10 
hours. In one such embodiment, the IR component of the 
integrated dosage form provides rapid onset of action, 

10 releasing more than about 90% of the drug contained therein 
within a period of time selected from less than one hour, less 
than 45 minutes, less than 30 minutes and less than 15 
minutes after administration, while the controlled release 
composition included in the integrated dosage begins to 

15 deliver drug as the IR component is released and continues 
to deliver drug for a sustained period of between about 4 and 
about 10 hours. In another such embodiment, the IR com
ponent of the integrated dosage form provides rapid onset of 
action, releasing more than about 90% of the drug contained 

20 
therein within a period of time selected from less than one 
hour, less than 45 minutes, less than 30 minutes and less than 
15 minutes after administration, while the controlled release 
composition included in the integrated dosage begins to 
deliver drug after the IR component is released and contin
ues to deliver drug for a sustained period of between about 

25 4 and about 10 hours. 
Moreover, the ratio of drug release from the IR compo

nent and CR component can be adjusted as needed to 
facilitate a desired dosing regimen or achieve targeted 
dosing. A dosage form as described herein that integrates 

30 both IR and CR components may be formulated to deliver as 
much as 2,000 mg of a desired drug, such as GHB or a 
pharmaceutically acceptable salt, hydrate, tautomer, solvates 
or complex of GHB. In particular embodiments, the total 
amount of drug contained within an integrated IR/CR dos
age form according to the present description may be 

35 between about 500 mg and about 1,400 mg. For example, in 
certain such embodiments, the total amount of drug may be 
selected from between about 500 mg and 1,400 mg, about 
500 mg and 1,200 mg, about 500 mg and 1,100 mg, about 
600 mg and 1,200 mg, about 600 mg and 1,100 mg, about 

40 600 mg and 1,000 mg, about 600 mg and 950 mg, about 600 
mg and 850 mg, about 600 mg and 750 mg, about 750 mg 
and 1,200 mg, about 750 mg and 1,100 mg, about 750 mg 
and 1,000 mg, about 750 mg and 950 mg, and about 750 mg 
and 850 mg. In an integrated IR/CR dosage form, the 

45 relative amounts of drug delivered from the IR component 
and CR components may be adjusted as desired as well. In 
particular embodiments, the ratio of drug released from the 
IR component to drug released from the CR component is 
from about 1 :2 to about 1 :4. In certain embodiments, such 

50 
ratio is selected from about 1:2, 1:2.5, 1:3, 1:3.5 and 1 :4. 

In particular embodiments, the integrated dosage form 
may be formulated such that the controlled release formu
lation begins release of drug substantially simultaneously 
with delivery of the drug from the IR component. Alterna
tively, the integrated dosage form may be formulated such 

55 that controlled release formulation exhibits a start-up time 
lag. In one such embodiment, for example, the integrated 
dosage form may be formulated and configured such that 
start-up of delivery of drug from the controlled release 
composition occurs after delivery of drug from the IR 

60 
component is substantially complete. Where a start-up lag 
time is desired, an enteric coating may be applied over the 
controlled release component (e.g., over a functional coat
ing), but such a coating would necessarily limit the start-up 
lag to gastric residence and its associated variability. Use of 
enteric pore-formers would also impart a start-up lag, and 

65 such an embodiment would be more sensitive to food effects 
and gastric motility. Where a less pH-sensitive start-up lag 
time is desired, the delay may be accomplished or adjusted 

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 89 of 254 PageID #: 11364



US 10,959,956 B2 
19 

by the use of one or more coatings and films, including the 
functional coating provided over a CR core and, where 
utilized, the moisture barrier or cosmetic overcoats. In 
particular, start-up lag time as disclosed herein may be 
adjusted by modifying the formulation, thickness, and/or 5 

weight of the functional coating provided over the CR core, 
the moisture barrier layer or one or more non-functional or 
cosmetic overcoats. 

EXAMPLES 10 

Example !----Controlled Release Core 

A granulation used to form CR cores as described herein 
was manufactured in a 25 L high shear granulator according 15 

to the formula in Table IA. Klucel EXF was divided into two 
equal portions; half of the Klucel EXF was dissolved in the 
ethanol, and half was dry blended with sodium oxybate. The 
material was initially granulated with 10% w/w ethanol and 
then titrated with another 3.5% w/w ethanol solution to 20 
achieve desired granule growth. A suitable wet mass was 
obtained at a total ethanol concentration of 13.5% w/w. The 
wet granules were divided into two sub lots and then each 
sub lot was dried in a 5-liter Niro fluid bed dryer. The dried 
granules were combined and milled through a COMIL 
equipped with a 14 mesh screen. Granulation parameters 25 

and particle size distribution are shown in Tables 1 B and 1 C, 
respectively. 

The granulation was then combined with 2% magnesium 
stearate lubricant, and tablets were compressed on a 16-sta
tion press fitted with chrome-plated 0.325"x0.705" modified 30 

oval tooling. The average tablet hardness was 10.7 kilo
ponds. 

TABLE IA 

Controlled Release Core Tablet Formulation 

Ingredient(s) 

Sodium Oxybate 
2 Hydroxypropyl cellulose, NF (Klucel EXF) 
3 Ethanol, USP (200 proof)* 
4 Magnesiwn Stearate, NF 

TOTAL 

*Granulation solvent, removed during drying step 

TABLE 1B 

Granulation Parameters 
WET GRANULATION 

o/ow/w mg/tablet 

96.0 750.0 
2.0 15.6 

13.5 
2.0 15.6 

100.0 781.2 

250 GRANULATION SOLUTION 
ADDITION RATE (G/MIN) 
TOTAL GRANULATION TIME 
(INCLUDING SOLUTION 
ADDITION AND WET 
MASSING TIME) 

7 MINUTES 

IMPELLER SPEED (RPM) 
CHOPPER SPEED (RPM) 

DRYING 

DRYING INLET 
TEMPERATURE (° C.) 
TOTAL DRYING TIME 
(MIN) 
EXHAUST TEMPERATURE 
AT END OF DRYING 
(" C.) 
LOD (% WT LOSS) 

SUBLOT 1 

70 

17 

47 

0.84 

300 
1800 

SUBLOT 2 

70 

18 

48 

0.92 

35 

40 

45 

50 

55 

60 

65 

20 
TABLE IC 

Screen Analysis of Milled Granulation 

Screen size Opening size Wt Retained 
US Std mesh microns (%) 

20 850 2.1 
40 420 10.4 
60 250 19.8 
80 180 25.0 

120 125 22.9 
200 75 12.5 
Pan <45 7.3 

Example 2-Functional Coating 

Tablets from Example 1 were coated with a solution 
prepared according to the formulation in Table 2A. The 
ethylcellulose was first added to a 95/5 w/w mixture of 
ethanol and water and stirred until dissolved. Next, the 
hydroxypropyl cellulose and dibutyl sebacate were added 
and stirred until completely dissolved. 4.7 kg of tablets from 
Example 1 were then charged to an 8" pan Driam tablet 
coater and coated with the solution to 5 .1 wt % gain ( 40 
mg/tablet). The tablets were then dried for 5 minutes in the 
coater, and then finally cooled in the pan to an exhaust 
temperature below 30° C. 

The dissolution profile was measured in de-ionized water 
using USP Apparatus 2 set to 37° C.±2° C. with paddles at 
50 rpm. Samples were analyzed by HPLC. As shown in FIG. 
1, the coated tablets exhibited controlled release with dura
tion of approximately 6 hours. The dosage form released 
12% of its contents after 1 hour, 34% after 2 hours, 71 % 
after 4 hours, 93% after 6 hours, and 99% after 8 hours. 

TABLE 2A 

Formulation of Sodium Oxybate Sustained-Release Tablets 

% of coat % w/w of mg/ 
Ingredient(s) solids tablet tablet 

5 Sodium Oxybate tablet core 95.13 781.25 
6 Hydroxypropyl cellulose, 37.0 1.80 14.80 

NF (Klucel EF) 
7 Dibutyl sebacate 5.0 0.24 2.00 
8 Ethylcellulose, NF (Ethocel 58.0 2.82 23.20 

Standard Premium 10) 
9 Ethanol, USP (200 proof)* 

10 Purified water* 

TOTAL 100.0 100.00 821.25 

*Coating solvent, removed during processing 

TABLE 2A 

Coating Parameters for Driarn 8" Pan Coater 

CR COATING AVERAGE RANGE 

INLET TEMPERATURE (0 C.) 46 42-55 
EXHAUST TEMPERATURE (0 c.) 43 41-46 
INLET AIRFLOW (PASCAL) >300 >300 
ATOMIZATION PRESSURE (BAR) 2 2.0 
SPRAY RATE (G/MIN) 35 32-37 
PAN SPEED (RPM) 6 5-7 

Example 3-Immediate-Release Overcoat 

A solution of 20% sodium oxybate as active and 2.0% 
hypromellose E-15 (HPMC E-15) as film-former was pre-
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pared in 60/40 (w/w) ethanol/water. The coating solution 
was manufactured by first dissolving the HPMC E15 in 
water, then adding the ethanol and sodium oxybate. 3 kg of 
750-mg strength sustained-release tablets from Example 2 
were charged to a Driam tablet coater equipped with an 8" 5 

pan and preheated to 40° C. The entire coating solution was 
applied according to the parameters listed in Table 3A. The 
tablet weight gain was monitored every 5 minutes, and the 
coating was stopped when the entire solution was sprayed 
(the theoretical weight gain is 33.5% ). The tablets were dried 

10 
for 15 minutes; the tablets did not lose any weight during the 
15 minute drying time, and so it was assumed that the drying 
was complete. The tablets were then cooled in the pan to an 
exhaust temperature of <30° C. 

Analysis by HPLC revealed an overall potency of 961 mg, 
and thus a drug overcoat potency of 211 mg. Dissolution 15 

testing using USP Apparatus 2 set to 37° C.±2° C. with 
paddles at 50 rpm, shown in FIG. 2, demonstrates substan
tially the entire immediate-release overcoat is dissolved in 
15 minutes and that controlled release is maintained for 
approximately 6 hours thereafter. Higher amounts of drug 20 
can be applied to the immediate release overcoat by using 
higher amounts of coating solution and extending the coat
ing time accordingly. 

22 
ing from at least 21-60 mg/tablet, and that duration of 
delivery increases as the membrane weight increases. 

TABLE 4A 

Standard Parameters for Sustained-Release 
Coating in Caleva Mini-Coater/Drier 2 

Parameter 

Batch size 
Inlet temperature 
Air flow setting 
Solution flow rate 
Agitator setting 
Atomization pressure 
Gun position 

Setting 

3-12 Tablets 
40° C. 
70-85% 
18 ml/hr 

32 
0.5 bar 

Adjusted to achieve 
desired deposition 

Example 5-Effect of Membrane Weight with 
Hydroxypropyl Cellulose as Pore Former in 

Functional Coating 

Following procedures of Example 4, 12 tablets from 
Example 1 were coated with a film consisting of 36.5% 

TABLE 3A 

Parameters for Immediate-Release 
Overcoating with 8" Driarn Coater 

25 
HPC-EF, 5.0% dibutyl sebacate (DBS), and 58.5% EC-10 
(all percentages by weight) coated from a solution consisting 
of 7% solids in 95/5 alcohol/water. The results shown in 
FIG. 4 demonstrate that controlled release over a relevant 

DRUG OVER-COATING AVERAGE RANGE 

INLET TEMPERATURE (0 C.) 59 55-63 30 

EXHAUST TEMPERATURE (0 C.) 51 50-53 
PRODUCT TEMPERATURE (0 C.) 43 41-49 
INLET AIRFLOW (PASCAL) >300 >300 
ATOMIZATION PRESSURE (BAR) 2 2 
SPRAY RATE (G/MIN) 16 14-17 
PAN SPEED (RPM) 8 7-8 35 
TOTAL RUN TIME (HRS) 4 HRS 47 MIN (COATING) 

15 MIN (DRYING) 

The following examples illustrate aspects of the sus
tained-release coating formulation with several evaluations 40 
using tablets from Example 1. 

Example 4-Effect of Membrane Weight with 
Poloxamer as Pore Former in Functional Coating 

time period is achieved with membrane weights ranging 
from at least 21-60 mg/tablet, and that duration of delivery 
increases as the membrane weight increases. 

Example 6-Effect of Poloxamer Level in 
Functional Coating 

In addition to adjustment of membrane weight, another 
useful means of controlling release rate or duration is by 
adjustment of the pore-former content of the formulation. 
Following procedures of Example 4, two additional solu
tions consisting of (a) 25% P188 by weight/75% EC-10 by 
weight and (b) 40% P188 by weight/60% EC-10 by weight 
were prepared as 7% (w/w) solutions in 95/5 alcohol/water. 
In each of the two separate coatings, four tablets from 
Example 1 were coated to 41 mg. The dissolution profiles 
are shown in FIG. 5, along with that of the 40 mg set of 
Example 4 for comparison. The results demonstrate that 

45 poloxamer level can be adjusted at least over the range of 
25%-40% by weight, while still providing controlled release 
of the drug. 

One means of controlling dissolution is by adjustment of 
the coating thickness, or amount of film applied to each 
tablet. This was illustrated with a film consisting of 33% 
poloxamer 188 (P188) and 67% ethylcellulose 10 cPs (EC-
10). The coating solution was prepared by dissolving 3.59 
grams of EC-10 and 1.77 grams of Pl 88 in a mixture of 80 50 

grams denatured alcohol ("alcohol") and 4 grams de-ionized 
water. (Denatured alcohol, S-L-X manufactured by W. M. 
Barr, is approximately a 50/50 w/w blend of methanol and 
ethanol.) 

Twelve tablets from Example 1 were coated in a Caleva 55 

Mini-coater/Drier 2 under parameters listed in Table 4A. 
Periodically, the tablets were removed and weighed to 
determine film weight. Three tablets were removed at times 
corresponding to 21 mg, 30 mg, 40 mg, and finally 60 mg 
weight gain. 

The dissolution profiles were measured with USP Appa-
60 

ratus 7 (Vanke! Bio-dis) set to 37° C.±2° C. and using a 
dipping rate of 30/minute, tablets fixed in plastic holders and 
intervals corresponding to 0.5 h, 1 h, 1.5 h, 2 h, 3 h, 4 h, 5 
h, 6 h, 7 h, 8 h, and 14 h ( each interval is 50 ml volume). The 
tubes were analyzed by conductivity, and results are calcu- 65 

lated as percent of total amount. The results demonstrate that 
controlled release is achieved with membrane weights rang-

Example 7-Effect of Hydroxypropyl Cellulose 
Level in Functional Coating 

In a fashion similar to Example 6, the effect of HPC level 
in the functional coating was evaluated over the range of 
30%-50% by weight. Three separate coating solutions were 
prepared with 30%, 40%, and 50% HPC-EF; 5% DBS; and 
the balance EC-10. All solutions were prepared with 7% 
total components in 95/5 alcohol/water. In each coating, 4 
tablets from Example 1 were coated to 40-41 mg/tablet 
weight gain. The dissolution profiles shown in FIG. 6 
demonstrate controlled release of the drug was achieved 
with HPC levels of at least 30-50% by weight. 

Example 8-Effect of Hydroxypropyl Cellulose 
Molecular Weight when used in Functional Coating 

Hydroxypropyl cellulose is supplied in several molecular 
weight grades, many of which may be suitable for use as 
pore-formers in ethylcellulose films. Two such grades (Klu-
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eel "EF" and "JF", supplied by Ashland) corresponding to 
80,000 daltons and 140,000 daltons were evaluated with 
other components fixed. Following procedures of Example 

24 

4, solutions were prepared with 40% HPC, 5% DBS, and 
55% EC-10 (all percentages by weight) using 7% total 
components in 95/5 alcohol/water. In each coating, 4 tablets 5 

from Example 1 were coated to 40-41 mg/tablet weight gain. 
The results shown in FIG. 7 demonstrate a modest effect of 
molecular weight and that the two grades tested provide for 
acceptable release profiles. 

Example 1 found in U.S. Pat. No. 4,393,296 (Klosa, Pro
duction of Nonhygroscopic Salts of 4-Hydroxybutyric 
Acid). The isolated calcium oxybate was milled to pass 
through a 16-mesh screen. For this study, a small sample 
comprising 9.3 grams of calcium oxybate was blended with 
0.19 grams of sodium stearyl fumarate (Pruv, JRS Pharma, 
Rosenberg, Germany). 800 mg aliquots of this 98% calcium 
oxybate and 2% sodium stearyl fumarate were then directly 
compressed into tablets using 0.325"x0.705" modified oval 

Example 9-Effect of Ethylcellulose Molecular 
Weight or Viscosity 

Another consideration is the molecular weight, or viscos
ity, of ethylcellulose. Two grades were evaluated, corre
sponding to 4 cPs and 10 cPs viscosity for a 5% solution. 
Following procedures of Example 4, two solutions were 
prepared corresponding to 58.5 wt % ethylcellulose (EC-4 

10 tooling and a Carver press with 1-ton applied force. Fol
lowing procedures of Example 4, nine tablets were coated 
with a film having 33% poloxamer 188 and 67% EC-10 from 
a solution of 7% w/w solids in 95/5 alcohol/water. Two 
tablets were removed at each intermediate coating weight 

15 corresponding to 20 mg, 32 mg, 41 mg, and finally at 60 mg. 

or EC-10), 36.5 wt% HPC-EF, and 5.0 wt% DBS having 
7% w/w total components in 95/5 alcohol/water. Tablets 
from Example 1 were coated to 40 mg/tablet weight gain, 20 
and dissolution profiles are shown as FIG. 8. The results 
indicate both grades of ethylcellulose provide for acceptable 
profiles, and suggest that other ethylcellulose grades (such 

The dissolution profiles are shown as FIG. 11. These results 
using calcium oxybate follow the general behavior of 
sodium oxybate demonstrated in Example 4. 

Example 13-Clinical Evaluation of Controlled 
Release Dosage Forms 

An open-ended, randomized, crossover study was con
ducted to evaluate controlled release dosage forms as as 20 cPs) may also be acceptable. 

Example 10----Demonstration of Alcohol 
Ruggedness of Controlled Release Sodium Oxybate 

Tablets 

Co-administration of sustained-release dosage forms with 
alcoholic beverages is a relevant concern, as ethanol is 
known to dissolve certain rate-controlling components that 
would not otherwise be dissolved. In some dosage forms, 
this may lead to dose-dumping. As ethanol is rapidly 
absorbed in the stomach, a relevant test involves dissolution 
of the dosage form in vodka ( 40% ethanol nominal) for 2 
hours (representing gastric retention time), followed by 
normal dissolution in de-ionized water. 

This test was performed on sustained-release tablets from 
Example 9 (36.5 wt % HPC EF, 5 wt % DBS, 58.5 wt % 
EC-4). The analysis of sodium oxybate by conductivity was 
corrected for the different response in vodka vs. de-ionized 
water. The results shown in FIG. 9A indicate that dissolution 
is slower in Vodka, and that no dose-dumping occurred. 

Likewise, a similar test was performed on sustained
release tablets with a film comprised of 33 wt % Pl 88 and 
67 wt % EC-10. Those results, shown in FIG. 9B, also 
indicate slower release in vodka and no dose-dumping. 

Example 11-Aqueous Coating of Controlled 
Release Film 

Due to the hygroscopic nature of sodium oxybate, coating 
the rate-controlling film from an alcoholic solution is desir
able. However, use of ethylcellulose aqueous dispersions is 
attractive for environmental and cost considerations. A film 
consisting of 30 wt % HPC EF and 70 wt % Surelease 
(aqueous ethylcellulose dispersion) was deposited on tablets 
from Example 1 as follows. First, 1.37 grams of HPC EF 
was dissolved in 22.6 grams de-ionized water. This was then 
poured into 32.5 grams of Surelease E-7-19040-clear while 
stirring. Eight tablets were coated in the Caleva Mini-coater/ 
Drier 2 with flow rate of 15 ml/hr and 58° C. inlet tempera
ture. Samples removed at 24 mg and 40 mg were then tested 
for dissolution, with no post-coating heat treatment. The 
results are shown in FIG. 10. 

Example 12-Calcium Oxybate Controlled Release 

A controlled release dosage form for delivery of calcium 
oxybate was prepared by generally following procedures of 

25 described herein. The controlled release dosage forms were 
formulated to deliver sodium oxybate and were compared to 
a sodium oxybate oral solution ( commercially available as 
Xyrem® (sodium oxybate) oral solution). The study was 
conducted in healthy male and female volunteers. 

Four different sodium oxybate formulations were admin-
30 istered to patients. The first, designated herein as Treatment 

A, was the sodium oxybate oral solution containing 375 
mg/ml sodium oxybate. Treatments B through E, as desig
nated herein, involved administration of three controlled 
release dosage forms (Treatments B through D), with one of 

35 the controlled release dosage forms being used to administer 
two different doses of sodium oxybate (Treatments D and E). 
The controlled release dosage forms administered as Treat
ment B included 750 mg sodium oxybate per dosage form 
and were produced with a CR core and functional overcoat 

40 
as described in Example 1 and Example 2, the controlled 
release dosage forms administered as Treatment C included 
750 mg sodium oxybate per dosage form and were produced 
as described in Example 1 and Example 4, and the controlled 
release dosage forms administered as Treatments D and E 
included 1,000 mg sodium oxybate per dosage form and 

45 were produced with a CR core (750 mg sodium oxybate), 
functional overcoat, and IR overcoat (250 mg sodium oxy
bate) as described in Examples 1 through 3. 

Patients were divided into two groups. The first group 
received Treatment A, Treatment B, and Treatment C over 

50 the course of the clinical study, with a washout period 
between each treatment. Treatment A was administered to 
each patient as two 3 g doses given four hours apart ( one 
dose at time zero and the second dose four hours later), for 
a total dose of 6 g sodium oxybate. Treatments B and C were 

55 administered to each patient only at time zero, with each 
treatment being administered as 8 tablets, providing a total 
dose of 6 g sodium oxybate. Blood samples from each 
patient were taken at various intervals and analyzed by 
LC/MS for total sodium oxybate content in the plasma. A 

60 total of 29 patients received Treatment A, a total of 19 
patients received Treatment B, and a total of 19 patients 
received Treatment C. The mean plasma concentration of 
sodium oxybate over time achieved by each of the treat
ments is shown in FIG. 12 (Treatment A and Treatment B) 

65 and FIG. 13 (Treatment A and Treatment C), and a summary 
of pharmacokinetic parameters provided by Treatments A 
through C are provided in Table 5. 
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TABLE 5 

Surnrn!![Y of PK Parameters for Treatments A, B, C 

T112 Cmax AUClast 
A_Z (1/hr) (hr) Tmax (hr) a (ug/ml) (hr* ug/ml) 

Treatment A 

N 29 29 29 29 29 
Mean 1.22 0.60 4.50 (0.5, 4.75) 130.79 350.84 
SD 0.27 0.13 31.52 116.74 
CV% 21.93 22.61 24.10 33.27 
Mean 1.19 0.58 127.37 333.33 

Treatment B 

N 18 18 19 19 19 
Mean 0.62 1.22 2.00 (1.50, 5.00) 41.78 188.23 
SD 0.16 0.40 18.40 103.60 
CV% 26.44 32.58 44.03 55.04 
Mean 0.59 1.17 38.46 163.80 

Treatment C 

N 19 19 19 19 19 
Mean 0.74 0.99 2.50 (1.00, 5.00) 50.49 221.64 
SD 0.16 0.23 15.83 106.85 
CV% 22.25 22.93 31.35 48.21 
Mean 0.72 0.96 48.10 200.08 

The second group was administered Treatment A, Treat
ment D, and Treatment E during over the course of the 
clinical study, with a washout period between each treat
ment. Again, Treatment A was administered to each patient 
as two 3 g doses given four hours apart ( one dose at time 

26 

AUCinf 
(hr* ug/ml) 

25 

29 
351.20 
116.74 
33.24 

333.72 

18 
196.25 
102.50 
52.23 

173.33 

19 
222.60 
106.80 
47.98 

201.12 

a total of30 patients received Treatments D and E. The mean 
plasma concentration of sodium oxybate over time achieved 
by each of the treatments is shown in FIG. 14, and a 
summary of pharmacokinetic parameters provided by Treat
ments A through C are provided in Table 6. 

TABLE 6 

Surnrn!![Y of PK Parameters for Treatments A, D, E 

T112 AUClast AUCinf 
lc_z (1/hr) (hr) Tmax (hr) a 

Cmax 
(ug/ml) (hr * ug/ml) (hr * ug/ml) 

Treatment A 

N 30 30 30 30 30 30 
Mean 1.08 0.71 4.50 (0.50, 5.50) 114.59 301.28 301.59 
SD 0.31 0.27 27.91 100.85 100.87 
CV% 29.00 37.90 24.36 33.47 33.45 
Mean 1.03 0.67 111.20 285.47 285.79 

Treatment D 

N 30 30 30 30 30 30 
Mean 0.46 1.63 0.75 (0.50, 2.50) 25.10 64.44 65.58 
SD 0.14 0.47 7.33 20.36 20.26 
CV% 30.27 29.00 29.20 31.60 30.90 
Mean 0.44 1.56 24.01 61.31 62.55 

Treatment E 

N 30 30 30 30 30 30 
Mean 0.59 1.36 1.00 (0.50, 5.00) 59.52 242.30 243.80 
SD 0.20 0.64 17.72 117.15 116.79 
CV% 34.57 46.91 29.77 48.35 47.91 
Mean 0.55 1.25 56.89 216.33 218.12 

a Tmax is summarized as median (min, max). 

zero and the second dose four hours later), for a total dose 
of 6 g sodium oxybate. Treatments D and E were adminis
tered to each patient only at time zero. Patients receiving 
Treatment D were administered 4 tablets at time zero, 
providing a total dose of 4 g sodium oxybate, and patients 
receiving Treatment E were administered 8 tablets at time 
zero, providing a total dose of 8 g sodium oxybate. Blood 
samples from each patient were taken at various intervals 65 

and analyzed by LC/MS for total sodium oxybate content in 
the plasma. A total of 30 patients received Treatment A, and 

It will be obvious to those having skill in the art that many 
changes may be made to the details of the above-described 

60 embodiments without departing from the underlying prin
ciples of the invention. The scope of the present invention 
should, therefore, be determined only by the following 
claims. 

The invention claimed is: 
1. A method for treating cataplexy or excessive daytime 

sleepiness associated with narcolepsy in a patient in need 
thereof comprising delivering to the patient a formulation 
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8. The method of claim 1 wherein the immediate release 
portion comprises 50% by weight of the total gamma
hydroxybutyrate. 

compnsmg immediate release and sustained release por
tions, each portion comprising at least one pharmaceutically 
active ingredient selected from gamma-hydroxybutyrate and 
pharmaceutically acceptable salts of gamma-hydroxybu
tyrate, wherein: 

9. The method of claim 1, wherein the one or more 
5 methacrylic acid-methyl methacrylate co-polymers com

prise from about 30% to about 45% by weight of the 
functional coating. 

a. the sustained release portion comprises a functional 
coating and a core, wherein the functional coating is 
deposited over the core, wherein the core comprises at 
least one pharmaceutically active ingredient selected 
from gamma-hydroxybutyrate and pharmaceutically 10 

acceptable salts of gamma-hydroxybutyrate wherein 
the functional coating comprises one or more meth
acrylic acid-methyl methacrylate co-polymers that are 
from about 20% to about 50% by weight of the func-

15 
tional coating; the sustained release portion comprises 
about 500 mg to 12 g of at least one pharmaceutically 
active ingredient selected from gamma-hydroxybu
tyrate and pharmaceutically acceptable salts of gamma
hydroxybutyrate; and the sustained release portion 20 

releases greater than about 40% of its gamma-hydroxy
butyrate by about 4 to about 6 hours when tested in a 
dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm; 

b. the immediate release portion comprises about 75% 25 

and about 98% by weight of at least one pharmaceu
tically active ingredient selected from ganima-hy
droxybutyrate and pharmaceutically acceptable salts of 
ganima-hydroxybutyrate, and the amount of gamma
hydroxybutyrate and pharmaceutically acceptable salts 30 

of gamma-hydroxybutyrate in the immediate release 
portion is about 10% to 50% by weight of the total 
ganima-hydroxybutyrate and pharmaceutically accept
able salts of ganima-hydroxybutyrate in the formula-

35 
tion; 

c. the formulation releases at least about 30% of its 
ganima-hydroxybutyrate by one hour when tested in a 
dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm; and 40 

d. the formulation releases greater than about 90% of its 
ganima-hydroxybutyrate by 8 hours when tested in a 
dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm. 

2. The method of claim 1 wherein the formulation releases 45 

greater than about 90% of its ganima-hydroxybutyrate by 7 
hours when tested in a dissolution apparatus 2 in deionized 
water at a temperature of 37° C. and a paddle speed of 50 
rpm. 

10. The method of claim 1 wherein the sustained release 
portion releases about 10% or less of its gamma-hydroxy
butyrate by about 1 hour when tested in a dissolution 
apparatus 2 in deionized water at a temperature of37° C. and 
a paddle speed of 50 rpm. 

11. A method for treating cataplexy or excessive daytime 
sleepiness associated with narcolepsy in a patient in need 
thereof comprising delivering to the patient a formulation of 
at least one pharmaceutically active ingredient selected from 
ganima-hydroxybutyrate and pharmaceutically acceptable 
salts of gamma-hydroxybutyrate, comprising immediate 
release and a solid sustained release portions: 

a. wherein the immediate release portion comprises about 
55 mg to 12 g of at least one pharmaceutically active 
ingredient selected from gamma-hydroxybutyrate and 
pharmaceutically acceptable salts of gamma-hydroxy
butyrate; 

b. wherein the sustained release portion comprises from 
about 500 mg to 12 g of at least one pharmaceutically 
active ingredient selected from ganima-hydroxybu
tyrate and pharmaceutically acceptable salts of gamma
hydroxybutyrate and a functional coating deposited 
over a core comprising the at least one pharmaceuti
cally active ingredient, wherein the functional coating 
comprises one or more methacrylic acid-methyl meth
acrylate co-polymers that are from about 20% to about 
50% by weight of the functional coating; and the 
sustained release portion releases greater than about 
40% of its gamma-hydroxybutyrate by about 4 to 6 
hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of37° C. and a paddle 
speed of 50 rpm; 

c. the formulation releases at least about 30% of its 
gamma-hydroxybutyrate or salt thereof by one hour 
when tested in a dissolution apparatus 2 in deionized 
water at a temperature of 3 7° C. and a paddle speed of 
50 rpm; and 

d. the formulation releases greater than about 90% of its 
gamma-hydroxybutyrate by 8 hours when tested in a 
dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm. 

12. A method for treating cataplexy or excessive daytime 
3. The method of claim 1 wherein the formulation releases 

greater than about 90% of its ganima-hydroxybutyrate by 6 
hours when tested in a dissolution apparatus 2 in deionized 
water at a temperature of 37° C. and a paddle speed of 50 
rpm. 

50 sleepiness associated with narcolepsy in a patient in need 
thereof comprising delivering to the patient a formulation 
comprising immediate release and sustained release por
tions, each portion comprising at least one pharmaceutically 
active ingredient selected from gamma-hydroxybutyrate and 

4. The method of claim 1 wherein the sustained release 
portion releases about 60% to about 90% of its gamma
hydroxybutyrate by about 6 hours when tested in a disso
lution apparatus 2 in deionized water at a temperature of37° 
C. and a paddle speed of 50 rpm. 

55 pharmaceutically acceptable salts of ganima-hydroxybu
tyrate, wherein: 

a. the sustained release portion comprises a functional 

5. The method of claim 1 wherein the sustained release 60 

coating and a core, wherein the functional coating is 
deposited over the core, wherein the core comprises at 
least one pharmaceutically active ingredient selected 
from gamma-hydroxybutyrate and pharmaceutically portion comprises hydrogenated vegetable oil, hydrogenated 

castor oil, or mixtures thereof. 
6. The method of claim 1 wherein the formulation com

prises a calcium, lithium, potassium, sodium or magnesium 
salt of gamma-hydroxybutyrate or mixtures thereof. 

7. The method of claim 6 wherein the formulation com
prises a sodium salt of gamma-hydroxybutyrate. 

65 

acceptable salts of gamma-hydroxybutyrate; wherein 
the functional coating comprises one or more meth
acrylic acid-methyl methacrylate co-polymers that are 
from about 20% to about 50% by weight of the func
tional coating; the sustained release portion comprises 
about 500 mg to 12 g of at least one pharmaceutically 
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active ingredient selected from gamma-hydroxybu
tyrate and pharmaceutically acceptable salts of gamma
hydroxybutyrate; and the sustained release portion 
releases greater than about 40% of its gamma-hydroxy
butyrate by about 4 to about 6 hours when tested in a 5 

dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm; 

b. the immediate release portion further comprises one or 
more pharmaceutically acceptable excipients selected 
from the group consisting of copovidone, plasacryl, 10 

hydroxypropyl cellulose, hydroxypropyl methylcellu
lose and hydroxymethyl cellulose, and the amount of 
ganima-hydroxybutyrate and pharmaceutically accept
able salts of gamma-hydroxybutyrate in the immediate 
release portion is about 10% to 50% by weight of 15 

totalgamma-hydroxybutyrate and pharmaceutically 
acceptable salts of gamma-hydroxybutyrate in the for
mulation; 

c. the formulation releases at least about 30% of its 
ganima-hydroxybutyrate by one hour when tested in a 20 

dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm; and 

d. the formulation releases greater than about 90% of its 
ganima-hydroxybutyrate by 8 hours when tested in a 
dissolution apparatus 2 in deionized water at a tern- 25 

perature of 37° C. and a paddle speed of 50 rpm. 
13. The method of claim 12, wherein the formulation 

releases greater than about 90% of its gamma-hydroxybu
tyrate by 7 hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of 37° C. and a paddle 30 

speed of 50 rpm. 
14. The method of claim 12, wherein the formulation 

releases greater than about 90% of its gamma-hydroxybu
tyrate by 6 hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of 37° C. and a paddle 35 

speed of 50 rpm. 
15. The method of claim 12, wherein the sustained release 

portion releases about 60% to about 90% of its gamma
hydroxybutyrate by about 6 hours when tested in a disso
lution apparatus 2 in deionized water at a temperature of37° 40 

C. and a paddle speed of 50 rpm. 
16. The method of claim 12, wherein the sustained release 

portion comprises hydrogenated vegetable oil, hydrogenated 
castor oil, or mixtures thereof. 

17. The method of claim 12, wherein the formulation 45 

con:iprises a calcium, lithium, potassium, sodium or mag
nesmm salt of gamma-hydroxybutyrate or mixtures thereof. 

18. The method of claim 17, wherein the formulation 
comprises a sodium salt of ganima-hydroxybutyrate. 

19. The method of claim 12, wherein the immediate 50 

release portion comprises 50% by weight of the total 
gamma-hydroxybutyrate. 

20. The method of claim 12, wherein the one or more 
methacrylic acid-methyl methacrylate co-polymers com
prise from about 30% to about 45% by weight of the 55 

functional coating. 
21. The method of claim 12, wherein the one or more 

pharmaceutically acceptable excipients comprise hydroxy
propyl cellulose. 

30 
22. The method of claim 12, wherein the one or more 

pharmaceutically acceptable excipients comprise hydroxy
propyl methylcellulose. 

23. The method of claim 12, wherein the one or more 
pharmaceutically acceptable excipients are about 10% by 
weight of the immediate release portion. 

24. The method of claim 12, wherein the sustained release 
portion releases about 10% or less of its gamma-hydroxy
butyrate by about 1 hour when tested in a dissolution 
apparatus 2 in deionized water at a temperature of37° C. and 
a paddle speed of 50 rpm. 

25. A method for treating cataplexy or excessive daytime 
sleepiness associated with narcolepsy in a patient in need 
thereof comprising delivering to the patient a formulation of 
at least one pharmaceutically active ingredient selected from 
ganima-hydroxybutyrate and pharmaceutically acceptable 
salts of gamma-hydroxybutyrate, comprising immediate 
release and a solid sustained release portions: 

a. wherein the immediate release portion comprises about 
55 mg to 12 g of at least one pharmaceutically active 
ingredient selected from gamma-hydroxybutyrate and 
pharmaceutically acceptable salts of gamma-hydroxy
butyrate and about 10% by weight of one or more 
pharmaceutically acceptable excipients selected from 
the group consisting of copovidone, plasacryl, 
hydroxypropyl cellulose, hydroxypropyl methylcellu
lose and hydroxymethyl cellulose; 

b. wherein the sustained release portion comprises from 
about 500 mg to 12 g of at least one pharmaceutically 
active ingredient selected from ganima-hydroxybu
tyrate and pharmaceutically acceptable salts of gamma
hydroxybutyrate and a functional coating deposited 
over a core comprising the at least one pharmaceuti
cally ~ctive ingredient, wherein the functional coating 
compnses one or more methacrylic acid-methyl meth
acrylate co-polymers that are from about 20% to about 
50% by weight of the functional coating; and the 
sustained release portion releases greater than about 
40% of its gamma-hydroxybutyrate by about 4 to 6 
hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of37° C. and a paddle 
speed of 50 rpm; 

c. the formulation releases at least about 30% of its 
gamma-hydroxybutyrate or salt thereof by one hour 
when tested in a dissolution apparatus 2 in deionized 
water at a temperature of 3 7° C. and a paddle speed of 
50 rpm; and 

d. the formulation releases greater than about 90% of its 
gamma-hydroxybutyrate by 8 hours when tested in a 
dissolution apparatus 2 in deionized water at a tem
perature of 37° C. and a paddle speed of 50 rpm. 

26. The method of claim 25, wherein the one or more 
pharmaceutically acceptable excipients comprise hydroxy
propyl methylcellulose. 

27. The method of claim 25, wherein the one or more 
pharmaceutically acceptable excipients comprise hydroxy
propyl cellulose. 

* * * * * 
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CONTROLLED RELEASE DOSAGE FORMS 
FOR HIGH DOSE, WATER SOLUBLE AND 

HYGROSCOPIC DRUG SUBSTANCES 

RELATED APPLICATIONS 

This application is a continuation of U.S. patent applica
tion Ser. No. 16/916,677, filed Jun. 30, 2020, which is a 
continuation of U.S. patent application Ser. No. 16/712,260, 
filed Dec. 12, 2019, which is a continuation of U.S. patent 
application Ser. No. 16/025,487, filed Jul. 2, 2018, now U.S. 
Pat. No. 10,758,488, which is a continuation of U.S. patent 
application Ser. No. 13/071,369, filed Mar. 24, 2011, now 
abandoned, which claims the benefit of U.S. Provisional 
Application No. 61/317,212, filed on Mar. 24, 2010, the 
contents of each of which are incorporated herein by refer
ence. 

TECHNICAL FIELD 

This disclosure relates to controlled release drug compo
sitions. 

BACKGROUND 

For some drugs, it is difficult to formulate a controlled 
release dosage form that maintains an effective concentra
tion of the drug over a sustained period of time. In particular, 
drugs that are administered at a high dose, drugs having a 
low molecular weight, and drugs with high water solubility 
make formulation of a controlled release dosage form chal
lenging. For example, in the context of a controlled release 
drug formulation produced as a unit dosage form for oral 
administration, drugs that must be administered at a high 
dose constrain the amount of rate controlling excipients that 
can be used in formulating a drug composition that is both 
capable of sustained delivery of therapeutic doses of the 
drug and exhibits a size and shape suited to oral adminis
tration. Low molecular weight and high-solubility drugs 
may also readily permeate films and matrices that might 
otherwise be used to control release, and high solubility 
drugs are not suited to some drug delivery approaches, 
particularly where zero-order release kinetics are desired. 
An example of a drug that is administered at a high dose, has 
a low molecular weight, and high water solubility, is 
gamma-hydroxy butyrate (GHB), particularly the sodium 
salt of GHB 

Initial interest in the use of GHB as a potential treatment 
for narcolepsy arose from observations made during the use 

2 
syndrome, FMS or fibrositis syndrome, report widespread 
musculoskeletal pain, chronic fatigue, and non-restorative 
sleep. These patients show specific regions of localized 
tenderness in the absence of demonstrable anatomic or 

5 biochemical pathology, and patients suffering from fibro
myalgia typically describe light and/or restless sleep, often 
reporting that they awaken feeling unrefreshed with pain, 
stiffness, physical exhaustion, and lethargy. See, H. D. 
Moldofsky et al., J. Muscoloskel. Pain, 1, 49 (1993). In a 

10 series of studies, Moldofsky's group has shown that aspects 
of the patients' sleep pathology are related to their pain and 
mood symptoms. That is, patients with fibrositis syndrome 
show an alpha (7.5 to 11 Hz) electroencephalographic 
(EEG), non-rapid-eye-movement (NREM) sleep anomaly 

15 correlated with musculoskeletal pain and altered mood. 
Moldofsky has interpreted this alpha EEG NREM sleep 
anomaly to be an indicator of an arousal disorder within 
sleep associated with the subjective experience of non
restorative sleep. See H. D. Moldofsky et al., Psychosom. 

20 Med., 37, 341 (1975). 
Fibromyalgia patients frequently report symptoms similar 

to those of patients with post-infectious neuromyasthenia, 
also referred to as chronic fatigue syndrome (CFS). CFS is 
a debilitating disorder characterized by profound tiredness 

25 or fatigue. Patients with CFS may become exhausted with 
only light physical exertion. They often must function at a 
level of activity substantially lower than their capacity 
before the onset of illness. In addition to these key defining 
characteristics, patients generally report various nonspecific 

30 symptoms, including weakness, muscle aches and pains, 
excessive sleep, malaise, fever, sore throat, tender lymph 
nodes, impaired memory and/or mental concentration, 
insonmia, and depression. CFS can persist for years. Com
pared with fibromyalgia patients, chronic fatigue patients 

35 have similarly disordered sleep, localized tenderness, and 
complaints of diffuse pain and fatigue. 

Scharf et al. conducted an open-label study to evaluate the 
effects of GHB on the sleep patterns and symptoms of 
non-narcoleptic patients with fibromyalgia (Scharf et al., J 

40 Rheumatol 1998; 25: 1986-1990). Eleven patients with 
previously confirmed diagnosis of fibromyalgia who 
reported at least a 3-month history of widespread musculo
skeletal pain in all body quadrants and tenderness in a least 
5 specific trigger point sites participated in the study. Results 

45 showed that patients reported significant improvements in 
the subjective assessments of their levels of pain and fatigue 
over all 4 weeks of GHB treatment as compared to baseline, 
as well as a significant improvement in their estimates of 
overall wellness before and after GHB treatment. 

WO 2006/053186 to Frucht describes an open label study 
of 5 patients with hyperkinetic movement disorders includ
ing ethanol responsive myoclonus and essential tremor. 
Sodium oxybate, a sodium salt of GHB, was reported to 
produce dose-dependent improvements in blinded ratings of 

55 ethanol responsive myoclonus and tremor and was said to be 
tolerated at doses that provided clinical benefit. 

of GHB for anesthesia. Unlike traditional hypnotics, GHB 50 

induces sleep that closely resembles normal, physiologic 
sleep (Mamelak et al., Biol Psych 1977:12:273-288). There
fore, early investigators administered GHB to patients suf
fering from disorders of disturbed sleep, including narco
lepsy (Broughton et al. in Narcolepsy, NY, NY: Spectrum 
Publications, Inc. 1976:659-668), where it was found to 
increase total nocturnal sleep time, decrease nocturnal awak
enings and increase Stage 3-4 (slow wave) sleep. Three 
open-label and two placebo-controlled studies provided a 
body of evidence demonstrating that improvements in noc
turnal sleep were associated with a reduction in cataplexy 
and improvements in excessive daytime sleepiness (Brough
ton et al., Can J. Neural Sci 1979; 6:1-6, and Broughton et 
al., Can J. Neural Sci 1980; 7:23-30). 

XYREM® sodium oxybate oral solution, the FDA 
approved treatment for cataplexy and excessive daytime 
sleepiness associated with narcolepsy, contains 500 mg 

60 sodium oxybate/ml water, adjusted to pH=7.5 with malic 
acid. In man, the plasma half-life of sodium oxybate given 
orally is about 45 minutes and doses of 2.25 grams to 4.5 
grams induce about 2 to 3 hours of sleep (See, L. Borgen et 
al., J. Clin. Pharmacol., 40, 1053 (2000)). Due to the high 

An estimated 6 million Americans suffer the often baffling 
symptoms of fibromyalgia or chronic fatigue syndrome. 
Patients with fibromyalgia, also referred to as fibromyalgia 

65 doses required and very short half-life of sodium oxybate, 
optimal clinical effectiveness in narcolepsy typically 
requires dosing of the drug twice during the night, with 
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administration typically reconnnended at 2.5 to 4 hour 
intervals. For each dose, a measured amount of the oral 
solution is removed from the primary container and trans
ferred to a separate container where it is diluted with water 
before administration. The second dose is prepared at bed- 5 

time and stored for administration during the night. 

oxybate oral solution (Treatment A) and a sodium oxybate 
controlled release dosage form as described herein dosed at 
4 g (Treatment D) and 8 g (Treatment E). 

DETAILED DESCRIPTION 

Formulations and dosage forms for the controlled release 
of a drug are described herein. Formulations described 
herein ar~ suited to the controlled release of high dose drugs 

Liang et al. (published U.S. patent application US 2006/ 
0210630 Al) disclose administration of GHB using an 
immediate release component and a delayed release com
ponent. The delayed release component of the formulations 
taught in Liang et al., however, function in a pH dependent 
manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the delivery profile of sodium oxybate 
controlled release formulations as described herein. 

FIG. 2 shows the delivery profile of integrated dosage 
forms as described herein having an innnediate release 
component and a controlled release component. 

FIG. 3 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
pre_sent description can be altered by altering the coating 
weight of a functional coating. 

FIG. 4 provides a graph further illustrating that the 
controlled release profile of dosage forms prepared accord
ing ~o the ~resent description can be altered by altering the 
coatmg weight of a functional coating. 

FIG. 5 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
present description can be altered by altering the amount of 
pore former included within a functional coating. 

FIG. 6 provides a graph further illustrating that the 
~ontrolled release profile of dosage forms prepared accord
mg to the present description can be altered by altering the 
amount of pore former included within a functional coating. 

FIG. 7 provides a graph illustrating that the controlled 
release profile of dosage forms prepared according to the 
present description can be altered by varying the molecular 
weight of a pore former included within a functional coating. 

FIG. 8 provides a graph illustrating that suitable con
trolled release profiles from dosage forms prepared accord
ing to the present description can be achieved even with 
functional coatings formed using different grades of the 
same base polymer material. 

FIG. 9A and FIG. 9B provide graphs illustrating the 
effects of alcohol on the delivery profile of sustained-release 
formulations prepared as described herein. 

FIG. 10 provides a graph illustrating the controlled 
release performance achieved by dosage forms as described 
herein having functional coatings prepared from aqueous 
dispersions of ethylcellulose as the base polymer. 

FIG. 11 provides a graph illustrating the controlled release 
performance achieved by dosage forms as described herein 
incorporating calcium oxybate as the drug. 

FIG. 12 provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 
controlled release dosage form as described herein (Treat
ment B). 

FIG. 13 provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 
oxybate oral solution (Treatment A) and a sodium oxybate 
controlled release dosage form as described herein (Treat
ment C). 

FIG. 14. provides a graph illustrating the plasma concen
tration of sodium oxybate over time provided by a sodium 

10 
that are highly water soluble. In addition, in certain embodi
ments, the formulations described herein provide controlled 
release of drugs that are highly hygroscopic, even where 
such drugs must be administered at relatively high doses. In 
particular embodiments, the controlled release formulations 

15 
are provided as a unit dosage form, and in one such 
embodiment, the controlled release formulation is provided 
as a coated tablet. 

The formulations and dosage forms of the present inven
tion can also include an innnediate release component. The 

20 
innnediate release component can form part of a controlled 
release (CR) unit dosage form or may be a separate innne
diate release composition. Therefore, an immediate release 
(IR) component may be provided, for example, as a dry 
powder formulation, an innnediate release tablet, an encap-

25 sulated formulation, or a liquid solution or suspension. 
Howe_ver, the IR component may also be formulated as part 
of a smgle dosage form that integrates both the IR and CR 
components. In such an embodiment, the pharmaceutical 
formulation may be provided in the form of the coated tablet 

30 
or capsule. 

In specific embodiments, controlled release and innnedi
ate rel~ase fo_rmulations can be dosed together to a subject 
to provide qmck onset of action, followed by maintenance of 
therapeutic levels of the drug substance over a sustained 

35 
period of time. However, because the controlled release 
component and innnediate release component described 
herein ne~d not be present in a single dosage form, as it is 
used herem, the phrase "dosed together" refers to substan
tially simultaneous dosing of the controlled release and 

40 
)nnn~diat~ release components, but not necessarily admin-
1strat10n m the same dosage form. Dosing the controlled 
release and innnediate release components together offers 
increased convenience, allowing patients to quickly achieve 
and maintain therapeutic levels of a drug over a sustained 

45 
period of time, while reducing the frequency with which the 
drug must be dosed. Furthermore, dosing the controlled 
rele~se and_ innnediate release components together may 
av01d the disadvantages of dosing regimens and formula
tions that result in highly pulsatile plasma concentrations. 

50 
An example of a drug that may be used with the controlled 

release dosage forms described herein is GHB. It should be 
noted that embodiments of controlled release dosage forms 
comprising GHB, and other drugs, are presented herein for 
purposes of example only and not for purposes oflimitation. 

55 
The formulations and unit dosage forms provided herein can 
be utilized to achieve controlled release of GHB, as well as 
pharmaceutically acceptable salts, hydrates, tautomers, sol
vates and complexes of GHB. Suitable salts of GHB include 
the calcium, lithium, potassium, sodium and magnesium 

60 
salts. The structure of the sodium salt of GHB sodium 
oxybate, is given as formula (I): ' 

65 

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 114 of 254 PageID #: 11389



US 10,966,931 B2 
5 

Methods of making GHB salts are described, for example, in 
U.S. Pat. No. 4,393,236, which is incorporated herein by 
reference. 

6 
to about 8 hours, about 5 to about 7 hours, and about 6 to 
about 10 hours, about 6 to about 9 hours, and about 6 to 
about 8 hours. 

Formulating GHB into a unit dosage form presents vari
ous challenges, and such challenges are magnified in the 5 

context of formulating a unit dosage form providing con
trolled release of GHB. For instance, GHB is very soluble, 
generally requires a relatively high dose, has a low molecu-

The compositions described herein facilitate production 
of controlled release dosage forms that provide a substan
tially constant drug release rate. In one embodiment, the 
controlled release dosage forms may be formulated to 
deliver not more than approximately 30% of the drug 
initially contained within the controlled release dosage form lar weight, and exhibits a short circulating half-life once 

administered. Therefore, a controlled release unit dosage 10 

form of GHB should be configured to deliver large doses of 
drug over a prolonged period of time, while being accept
ably sized for oral administration. However, controlled 
release formulations typically require the addition of sig
nificant amounts of excipients or rate controlling materials 15 

to control the delivery of drug, and the presence and need for 
such materials often limits the drug loading available for a 
given controlled release technology. Additionally, low 
molecular weight drugs, such as GHB, typically exhibit high 
permeability through films and matrices. Even further, high 20 

water solubility increases drug mobility and may preclude 
the use of some approaches utilized to achieved a controlled 
release dosage form. 

in the first hour post-administration. When referencing the 
amount of drug initially contained in the controlled release 
dosage form or "initial drug content" of the controlled 
release dosage form, for purposes of the present description, 
such amount refers to the total amount of drug included in 
the controlled release composition prior to administration to 
a patient. 

As is detailed herein, the controlled release dosage forms 
according to the present description include a controlled 
release component (also referred to as a controlled release 
"formulation") and, optionally, an immediate release com
ponent (also referred to as an immediate release "formula-
tion" or an immediate release "coating"). In specific embodi
ments, the controlled release dosage forms described herein 
may be formulated to deliver drug to the gastro-intestinal 
tract at desired rates of release or release profiles. For 
example, in some embodiments, controlled release dosage 
forms as described herein are formulated to release to the 
gastro-intestinal tract not more than about 10% to about 60% 
of the drug initially contained within the controlled release 
component of the controlled release dosage form during the 
first two hours post-administration, and not more than about 
40% to about 90% of the drug initially contained within the 
controlled release component of the controlled release dos
age form during the first four hours post-administration. In 

Another challenge to achieving a formulation capable of 
delivering GHB over a sustained period of time is the fact 25 

that some forms of GHB, such as the sodium salt of GHB, 
sodium oxybate, are extremely hygroscopic. As used herein, 
the term "hygroscopic" is used to describe a substance that 
readily absorbs and attracts water from the surrounding 
environment. The hygroscopic nature of sodium oxybate 30 

presents significant challenges to the formulation, produc
tion, and storage of dosage forms capable of delivering 
sodium oxybate over a sustained period of time. Despite the 
challenges noted, formulations and unit dosage forms pro
viding controlled release of GHB are described herein. 35 other embodiments, controlled release dosage forms as 

described herein are formulated to release to the gastro
intestinal tract not more not more than about 40% of the drug 
initially contained within the controlled release component 
in the first hour post-administration, not more than about 

A. Controlled Release Formulations 
As used herein, the term "controlled release" describes a 

formulation, such as, for example, a unit dosage form, that 
releases drug over a prolonged period of time. The con
trolled release compositions described herein may be pro
vided as a unit dosage form suitable for oral administration. 
In each embodiment of the controlled release compositions 
described herein, the drug incorporated in such composi
tions may be selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB. 

In certain embodiments, the controlled release composi
tions described herein are formulated as unit dosage forms 
that deliver therapeutically effective amounts of drug over a 
period of at least 4 hours. For example, controlled release 
unit dosage forms as described herein may be formulated to 
deliver therapeutically effective amounts of drug over a 
period selected from about 4 to about 12 hours. In specific 
embodiments, the controlled release dosage forms described 
herein deliver therapeutically effective amounts of drug over 
a period selected from about 4, about 5, about 6, about 7, 
about 8, about 9, about 10 hours, and about 12 hours. In 
other such embodiments, the controlled release dosage 
forms deliver therapeutically effective amounts of drug over 
a period selected from a range of about 4 to about 10 hours, 
about 5 to about 10 hours, about 5 to about 12 hours, about 
6 to about 10 hours, about 6 to about 12 hours, about 7 to 
about 10 hours, about 7 to about 12 hours, about 8 to about 
10 hours, and from about 8 to about 12 hours. In yet other 
embodiments, the controlled release dosage forms deliver 
therapeutically effective amounts of drug over a period 
selected from a range of about 5 to about 9 hours, about 5 

40 60% of the drug initially contained within the controlled 
release component during the first two hours post-adminis
tration, and not more than about 90% of the drug initially 
contained within the controlled release component during 
the first four hours post-administration. In still other 

45 embodiments, a controlled release dosage form as described 
herein may be formulated to release to the gastro-intestinal 
tract not more than about 30% of the initial drug content in 
the controlled release component in the first hour post
administration, not more than about 60% of the initial drug 

50 content in the controlled release component during the first 
two hours post-administration, and not more than about 90% 
of the initial drug content of the controlled release compo
nent during the first four hours post-administration. In other 
embodiments, a controlled release dosage form as described 

55 herein may be formulated to release to the gastro-intestinal 
tract not more than about 50% of the initial drug content of 
the controlled release component during the first hour post
administration, between about 50 and about 75% of the 
initial drug content of the controlled release component after 

60 two hours, and not less than 80% of the initial drug content 
of the controlled release component after four hours post 
administration. In still other embodiments, a controlled 
release dosage form as described herein may be formulated 
release to the gastro-intestinal tract not more than about 20% 

65 of the initial drug content of the controlled release compo
nent during the first hour post-administration, between about 
5 and about 30% of the initial drug content of the controlled 
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also providing GHB plasma concentrations of at least 10 
µg/mL over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours. 

Drug delivery performance provided by the dosage forms 
described herein can be evaluated using a standard USP type 
2 or USP type 7 dissolution apparatus set to 37° C.±2° C. 
under the conditions described, for example, in the experi
mental examples provided herein. The dissolution media 

release component after two hours, between about 30% and 
about 50% of the initial drug content of the controlled 
release component after 4 hours, between about 50% and 
about 70% of the initial drug content of the controlled 
release component after 6 hours, and not less than about 5 

80% of the initial drug content of the controlled release 
component after 10 hours post administration. In yet other 
embodiments, a controlled release dosage form as described 
herein may be formulated to release to the gastro-intestinal 
tract not more than about 20% of the initial drug content of 
the controlled release component after the first hour post
administration, between about 20% and about 50% of the 
initial drug content of the controlled release component after 

10 may be selected from dissolution media known by those of 
skill in the art such as at least one of purified water, 0.lN 
HCl, simulated intestinal fluid, and others. 

In particular embodiments, the controlled release formu
lations described herein work to reduce inter patient vari-2 hours, between about 50% and about 80% of the initial 

drug content of the controlled release component after 4 
hours, and not less than 85% of the initial drug content of the 
controlled release component after 8 hours post-administra
tion. The rate and extent of the absorption of GHB varies 
along the length of the GI tract with lower amounts absorbed 
in the more distal portions (i.e., the ileum and the colon). 

Due to the rapid clearance ofGHB from the plasma, when 
GHB is administered in an immediate release formulation, 
even large doses of the drug ( e.g., a dose of between about 
2.25 g and 4.5 g) generally result in plasma levels below 10 
ug/mL within 4 hours of ingestion. In order to achieve 
therapeutic efficacy, therefore, a second, equal, dose is often 
required within 4 hours after administration of the first dose, 
and some patients may require administration of a second as 
soon as 2.5 hours after administration of the first dose. In 
such an instance, in order to maintain therapeutic efficacy, 
4.5 g to 9 g of drug must be administered to the patient in 
two separate doses within 2 to 5 hours. This also requires 
that the second dose be administered during the night, which 
requires that the patient be awakened to take the second 
dose. The result is that the Cmax/Cmin ratio of GHB over an 
six hour period can be greater than 4 and is often greater than 

15 ability in delivery of GHB. In particular, controlled release 
formulations described herein provide time dependent 
release of GHB over a sustained period of time. Previous 
references have described targeted release dosage forms of 
GHB that function in a pH dependent manner. However, due 

20 to inter-subject variability in gastrointestinal pH conditions, 
delivery of GHB from such dosage forms can be inconsis
tent. Moreover, because relatively high doses of GHB are 
typically required for therapeutic effect, unit dosage forms of 
GHB are also relatively large and may be retained for a 

25 period of time in the stomach, which can lead to intra- and 
inter-patient variability in dose delivery of GHB from pH 
dependent delivery systems due to variability in gastric 
retention time. Further, patients with fibromyalgia have an 
increased chance of also suffering from irritable bowel 

30 syndrome (see, e.g., Fibromyalgia in patients with irritable 
bowel syndrome. An association with the severity of the 
intestinal disorder, Int J Colorectal Dis. 2001 August; 16( 4): 
211-5.) Irritable bowel syndrome is also associated with 
delayed gastric emptying and variable gastric emptying (see, 

35 e.g., Dyspepsia and its overlap with irritable bowel syn
drome, Curr Gastroenterol Rep. 2006 August; 8( 4):266-72.) 
Therefore many patients with fibromyalgia and suffering 
from irritable bowel syndrome may experience more vari
ability in gastric transit or prolonged gastric transit. By 

8. In certain embodiments, for a given dose of GHB, 
administration of GHB using controlled release dosage 
forms as described herein can achieve a rapid rise in plasma 
concentrations of GHB, but with a prolonged duration of 
plasma levels above 10 µg/mL. In certain such embodi
ments, a GHB controlled release dosage form as described 
herein provides a Cmax to Cmin ratio of GHB over a 
prolonged period of time after administration selected from 
less than 3 and less than 2. Therefore, in specific embodi- 45 

ments, the controlled release dosage forms described herein 
provided controlled delivery of GHB that results in a Cmax 

40 operating in a time dependent manner once placed in an 
aqueous environment, controlled release formulations 
described herein offer consistent GHB delivery characteris
tics and reduce the likelihood of undesirable intra- and 
inter-patient inconsistencies in dose delivery that may result 
from variances in gastric retention time that can occur 
between different patients and different patient populations. 

Controlled release formulations described herein may be 
formulated to completely release a drug within a desired 
time interval. As has been reported, the bioavailability of 

to Cmin ratio ofGHB selected from less than 3 and less than 
2 over a period of time selected from up to about 5 hours, 
up to about 6 hours, up to about 7 hours, up to about 8 hours, 
up to about 9 hours, and up to about 10 hours. For example, 
in particular embodiments, the controlled release dosage 
forms described herein provided controlled delivery of GHB 
that results in a Cmax to Cmin ratio of GHB selected from 
less than 3 over a period of time selected from up to about 
5 hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours, while 
also providing GHB plasma concentrations of at least 10 
µg/mL over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours. In 
still other embodiments, the controlled release dosage forms 
described herein provided controlled delivery of GHB that 
results in a Cmax to Cmin ratio of GHB selected from less 
than 2 over a period of time selected from up to about 5 
hours, up to about 6 hours, up to about 7 hours, up to about 
8 hours, up to about 9 hours, and up to about 10 hours, while 

50 GHB decreases in the lower GI, with bioavailability decreas
ing the lower the drug is delivered in the GI (See, e.g., U.S. 
Patent Publication No. US2006/0210630). Therefore, in 
certain embodiments, the controlled release dosage forms 
are provided that deliver substantially all the GHB contained 

55 therein over a sustained period of time that is long enough 
to increase patient convenience, yet short enough to reduce 
dosing of GHB in the lower GI. In specific embodiments, 
controlled release GHB dosage forms are provided that 
deliver approximately 90% or more of the GHB contained 

60 within the controlled release formulation within about 4 to 
about 10 hours of administration. For example, dosage 
forms for the controlled release of GHB as described herein 
may be formulated to deliver approximately 90% or more of 
the drug included within the controlled release formulation 

65 within about 4, 5, 6, 7, 8, 9, 10, or 12 hours of administra
tion. In one such embodiment, a dosage form for the 
sustained delivery of GHB according to the present descrip-
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tion is formulated to deliver more than 90% of the GHB 
included within the controlled release formulation within 12 
hours post-administration. Such embodiments serve to not 
only provide controlled release of GHB, but they also work 
to deliver GHB where bioavailability is highest, which can 
also provide increased dose consistency. 

The controlled release dosage forms described herein may 
comprise a relatively high concentration of drug that can, in 
some instances, harm a patient if the formulation releases the 
drug at a rate that is faster than the intended sustained rate. 
This rapid release of the drug is sometimes referred to as 
"dose dumping." To avoid this potential danger, certain 
embodiments of the controlled release dosage forms 
described herein may comprise formulations that are resis
tant to dose dumping. Some users may intentionally attempt 
to increase the drug release rate of the controlled release 
dosage form using alcohol (e.g., potential abusers may take 
the controlled release dosage form prior to, simultaneously 
with, or after consuming an alcoholic beverage or, alterna
tively, may seek to extract the drug from the controlled 
release dosage form by placing the dosage form in solution 
containing alcohol). Other users may take the dosage form 
with alcohol, not necessarily in a manner considered abuse 
of the drug or alcohol, but without regard for the potential 
risks of dose dumping or contraindication of the two sub
stances. In one embodiment, a controlled release dosage 
form as disclosed herein may include a coating composition 
that is resistant to alcohol or that does not dissolve substan
tially faster in alcohol. In one such embodiment, the con
trolled release dosage form may comprise the drug sodium 
oxybate and include a coating composition including ethyl
cellulose that is resistant to dose dumping in alcohol. In 
another embodiment, the controlled release dosage form 
may include a coating composition that is resistant to dose 
dumping after administration. For example, the controlled 
release dosage form may include a coating composition that 
is resistant to dose dumping in the GI tract after being 
exposed to gastric fluid and intestinal fluid. 

In certain embodiments, the controlled release formula
tions described herein are provided as a coated tablet com
position having a controlled release core coated by a func
tional overcoat. The composition of the controlled release 
core provided in such embodiments facilitates high drug 
loading, thereby, rendering the coated tablet suitable for 
formulation and sustained delivery of drugs administered at 
high doses. The functional overcoat works to control deliv
ery of drug from the controlled release core and maintain the 
structural integrity of the dosage form over time. In addition 

10 
mg to about 12 g of drug in one or more tablets. In particular 
embodiments, a CR core included in a controlled release 
dosage form according to the present description may 
include an amount of drug selected from about 100 mg to 

5 about 2,000 mg. In some such embodiments, the amount of 
drug included in the CR core may be selected from up to 
about 250 mg, 400 mg, 500 mg, 600 mg, 700 mg, 750 mg, 
800 mg, 900 mg, 1,000 mg, 1,100 mg, 1,200 mg, 1,400 mg, 
1,500 mg, 1,600 mg, 1,700 mg, 1,800 mg, 1,900 mg, and 

10 2,000 mg. In certain such embodiments, the amount of drug 
included in a CR core as described herein may range from 
about 500 mg to about 2,000 mg, such as, for example, about 
500 mg to 1,000 mg, about 600 mg to 1,000 mg, about 600 
mg to 900 mg, about 600 mg to 800 mg, about 700 mg to 

15 1,000 mg, about 700 mg to 900 mg and about 700 mg to 850 
mg. In other such embodiments, the amount of drug 
included in a CR core as described herein may range from 
about 700 mg to about 2,000 mg, such as, for example, about 
700 mg to 1,500 mg, about 700 mg to 1,400 mg, about 700 

20 mg to 1,300 mg, about 700 mg to 1,200 mg, about 700 mg 
to 1,100 mg, about 700 mg to 1,000 mg, about 700 mg to 900 
mg, and about 700 mg to 850 mg. 

In one embodiment, the controlled release dosage form 
comprises a CR core wherein the relative amount drug in the 

25 CR core is at least 90% or greater by weight. In another 
embodiment, the relative amount of drug in the CR core 
ranges from between about 90% and 98%, about 91% and 
98%, about 92% and 98%, about 93% and 98%, about 94% 
and 98%, about 95% and 98%, about 96% and 98%, and 

30 between about 97% and 98% by weight of the CR core. In 
yet another embodiment, the relative amount of drug in a CR 
core may be present at an amount selected from about 90%, 
91 %, 92%, 93%, 94%, 95%, 96%, 97%, and 98% by weight 
of the CR core. In certain such embodiments, the amount of 

35 drug in the CR core may range from about 94 to 98%, 94 to 
97%, 94 to 96%, 95 to 98%, 95 to 97%, and 95 to 96.5% by 
weight of the CR core. 

In one embodiment, the controlled release dosage form 
comprises a CR core that includes drug substance in com-

40 bination with one or more excipients, such as binders, fillers, 
diluents, disintegrants, colorants, buffering agents, coatings, 
surfactants, wetting agents, lubricants, glidants, or other 
suitable excipients. In one embodiment, a CR core as 
disclosed herein can include one or more binders that are 

45 known for use in tablet formulations. In one such embodi-
ment, a CR core may include at least one binder selected 
from hydroxypropyl cellulose (HPC), ethylcellulose, 
hydroxypropyl methylcellulose (HPMC), hydroxyethyl cel-

to the controlled release core and functional overcoat, the 
coated tablet composition as described herein may further 50 

include a moisture barrier or cosmetic coating disposed over 
the functional overcoat. 

lulose, povidone, copovidone, pregelatinized starch, dextrin, 
gelatin, maltodextrin, starch, zein, acacia, alginic acid, car
bomers ( cross-linked polyacrylates ), polymethacrylates, car-
boxymethylcellulose sodium, guar gum, hydrogenated veg
etable oil (type 1), methylcellulose, magnesium aluminum 
silicate, and sodium alginate. In specific embodiments, the 

I. Controlled Release Component 
Where the controlled release formulations described 

herein are formulated as a coated tablet having a controlled 
release core (CR core), the CR core includes at least one 
drug substance to be delivered from the controlled release 
dosage form. The drug included in the CR core may be 
selected from GHB and pharmaceutically acceptable salts, 
hydrates, tautomers, solvates and complexes of GHB. 
Examples of suitable salts of GHB include the calcium, 
lithium, potassium, sodium and magnesium salts. The CR 
core is formulated and configured to be suitable for oral 
administration. In one embodiment, coated tablets as 
described herein may be administered to provide a dose of 
GHB or a pharmaceutically acceptable salt, hydrate, tau
tomer, solvate or complex of GHB in a range of about 500 

55 CR core included in a controlled release dosage form as 
disclosed herein may comprise binder levels ranging from 
approximately 1 % to 10% by weight. For example, the CR 
core may include a binder in an amount selected from about 
1 %, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 6%, 7%, 

60 8%, 9%, and 10% by weight. In certain such embodiments, 
the amount of binder included in the CR core may range 
from about 1 to 2%, 1 to 3%, 1 to 4%, 1 to 5%, 1 to 6%, 1 
to 7%, 1 to 8%, 1 to 9% and 1 to 10% by weight. 

The CR core may include one or more lubricants to 
65 improve desired processing characteristics. In one embodi

ment, the CR core may include one or more lubricants 
selected from at least one of magnesium stearate, stearic 
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acid, calcium stearate, hydrogenated castor oil, hydroge
nated vegetable oil, light mineral oil, magnesium stearate, 
mineral oil, polyethylene glycol, sodium benzoate, sodium 
stearyl fumarate, and zinc stearate. In another embodiment, 
one or more lubricants may be added to the CR core in a 5 

range of about 0.5% to 5% by weight. In particular embodi
ments, a CR core as disclosed herein may comprise a 
lubricant in a range of about 0.5% to 2% by weight, about 

the coating composition is formulated to facilitate controlled 
release of a drug selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com
plexes of GHB. In one such embodiment, the coating 
composition is sufficiently robust to preserve the integrity of 
the coated tablet pre- and post-administration, yet is subject 
to disintegration or crushing as it passes through a patient's 
gastrointestinal tract and after all or substantially all the drug 
substance contained within the controlled release formula-1 % to 2% by weight, about 1 % to 3% by weight, about 2% 

10 tion has been delivered. Such a feature reduces the risk that to 3% by weight, and about 2% to 4% by weight. In one such 
embodiment, one or more lubricants may be present in the 
CR core in an amount selected from about 0.5%, 1 %, 1.5%, 
2%, 2.5%, 3%, 3.5%, 4%, 4.5%, and 5% by weight. Still 
lower lubricant levels may be achieved with use of a 
"puffer" system during tabletting, which applies lubricant 15 

directly to the punch and die surfaces rather than throughout 
the formulation. 

bezoars formed from intact dosage form shells will form or 
be maintained within the GI tract of a patient, which may be 
of particular concern where the drug to be delivered must be 
administered at high doses using multiple unit dosage forms. 

In one embodiment, a functional coating composition as 
disclosed herein may control, at least in part, the rate of 
release of the drug to be delivered from the CR core into the 
gastrointestinal tract. In one embodiment, the functional 
coating composition provides a functional coat that partly or 

The CR core may also include one or more surfactants. In 
certain embodiments, the CR core may include a tableted 
composition that may comprise one or more surfactants 
selected from, for example, ionic and non-ionic surfactants. 
In one such embodiment, CR core may include at least one 
anionic surfactant, including docusate sodium ( dioctyl sulfo
succinate sodium salt) and sodium lauryl sulfate. In yet 
another embodiment, the CR core may include at least one 
non-ionic surfactant selected from including polyoxyethy
elene alkyl ethers, polyoxyethylene stearates, poloxamers, 
polysorbate, sorbitan esters, and glyceryl monooleate. In 
specific embodiments, one or more surfactants included in a 
CR core as disclosed herein may be present, for example, in 
an amount ofup to about 3.0% by weight of the CR core. For 
example, in certain embodiments, the CR core may include 
one or more surfactants present in a range selected from 
about 0.01 % to 3%, about 0.01 % to 2%, about 0.01 % to 1 %, 
about 0.5% to 3%, about 0.5% to 2%, and about 0.5% to 1 % 
by weight of the CR core. 

The CR core included in controlled release dosage form 
as disclosed herein may also include fillers or compression 
aids selected from at least one oflactose, calcium carbonate, 
calcium sulfate, compressible sugars, dextrates, dextrin, 
dextrose, kaolin, magnesium carbonate, magnesium oxide, 
maltodextrin, mannitol, microcrystalline cellulose, pow
dered cellulose, and sucrose. In another embodiment, a CR 
core may be prepared by blending a drug and other excipi
ents together, and the forming the blend into a tablet, caplet, 
pill, or other dosage form according to methods known by 
those of skill in the art. In certain embodiments, a controlled 
release formulation as described herein may comprise a 
solid oral dosage form of any desired shape and size 
including round, oval, oblong cylindrical, or triangular. In 
one such embodiment, the surfaces of the CR core may be 
flat, round, concave, or convex. 

The CR core composition included in a controlled release 
formulation provided as a coated tablet dosage form as 
described herein may be manufactured using standard tech
niques, such as wet granulation, roller compaction, fluid bed 
granulation, and direct compression followed by compres
sion on a conventional rotary tablet press as described in 
Remington, 20th edition, Chapter 45 (Oral Solid Dosage 
Forms). 

II. Functional Coating Composition 
Where the controlled release formulations as described 

herein are provided as a coated tablet composition, the CR 
core is coated with a functional coating. The coating com
position works to preserve the integrity of the unit dosage 
form post administration and serves to facilitate controlled 
release of drug from the CR core. In certain embodiments, 

20 fully covers the CR core included in the controlled release 
dosage form. In one embodiment, the functional coating 
composition as disclosed herein may include a polymer or 
blends of compatible polymers that are water soluble or that 
are water insoluble and selected to exhibit desired perme-

25 ability characteristics. In one embodiment, the functional 
coating composition has a permeability that may be adjusted 
according the solubility of the drug used in the CR core. In 
one such embodiment, the functional coating composition 
may comprise one or more water insoluble polymers that 

30 may swell but do not substantially dissolve in the GI tract. 
For example, in particular embodiments, a functional coat
ing composition as disclosed herein may comprise a rate
limiting film that includes at least one of ethylcellulose, 
cellulose acetate, such as CA-398. In other embodiments, 

35 the functional coating may include combinations of ethyl
cellulose with ammonia methacrylate copolymers, such as 
EUDRAGIT RS, EUDRAGIT RL, and combinations 
thereof. Suitable ethylcellulose materials are readily com
mercially available, and include, for example, ETHOCEL 

40 ethylcellulose polymers. Where ethylcellulose is used to 
form the functional coating, the physical characteristics of 
the coating composition and residual shell may be modified 
by adjusting the molecular weight of the ethylcellulose. For 
example, different grades of ethylcellulose, including, but 

45 not limited to, 4 cP, 7 cP, 10 cP, and 20 cP grades, may be 
used to achieve a coating composition having desired physi
cal characteristics. 

A functional coating composition as disclosed herein may 
include one or more base polymer and at least one pore-

50 former. In one embodiment, the base polymer content may 
range from about 50% to about 80% by weight of the coating 
composition. In certain embodiments, the base polymer may 
be present in an amount ranging from about 50% to 75%, 
about 55% to 75%, about 60% to 75%, and about 65% to 

55 75% by weight of the coating composition. In one such 
embodiment, the base polymer may be present in an amount 
selected from about 50%, 55%, 60%, 65%, 70%, 75%, and 
80% by weight of the coating composition. In cases where 
a filler material is used (e.g., insoluble, non film-forming 

60 material such as magnesium stearate, talc, or fumed silica), 
these limits apply to the composition of the remaining 
non-filler components in the film. 

The permeability of the base polymer included in a 
functional coating as described herein may be modified by 

65 including a pore former in the base polymer. In one such 
embodiment, the functional coating composition including 
the pore former may be obtained by combining the pore 
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former with the base polymer material in solution according 
to conventional techniques. A pore former as disclosed 
herein may include at least one polymeric pore former, such 

14 

as hydroxyalkyl cellulose, hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, polyethylene glycols, polyvinyl 5 

alcohol, povidone, copovidone, and poloxamers, such as 
188 or 407. In one embodiment, a pore former as disclosed 
herein may include at least one small-molecule pore former, 
such as a water soluble sugar or organic acid, including, for 
example, citric acid or sorbitol. In one such embodiment, a 10 

small-molecule pore former may be water soluble active 
agent, such as a pharmaceutically acceptable salt of GHB. In 
yet another embodiment, the pore former may comprise a 
polymer that expands in the presence of the drug included in 

15 
the CR core, wherein expansion of the pore former may 
cause an increase in permeability of the functional coating 
composition. For example, in some embodiments, the func
tional coating composition may comprise a pore former that 
that expands or swells in the presence of sodium oxybate. In 20 

one such embodiment, the pore former includes a suitable 
carbomer. 

The functional coating composition as disclosed herein 
may also include an anti-tack agent. For example, certain 
embodiments of the functional coating composition may 
include an anti-tack agent selected from one or more of talc, 
glyceryl monostearate, and magnesium stearate. Many of the 
anti-tack agents are also suitable fillers. Addition of fillers, 
especially magnesium stearate, is one way to make the film 
more brittle and the dosage form more prone to crushing as 
it transits through the GI. Depending on forces encountered 
in the GI, varying the filler level in the film may allow one 
to adjust the duration, or extent of drug delivered, at which 
breach of the film and abrupt release of remaining contents 
occurs. 

The functional coating composition as disclosed herein 
may be applied to a CR core at a weight that facilitates a 
suitable combination of sustained drug release and dosage 
form structural integrity. In certain embodiments, the func
tional coating composition may be applied at a weight of 
about 10 to about 100 mg. In particular embodiments, for 
example, the functional coating may be applied at a weight 
selected from about 20 to 60 mg, about 20 to 50 mg, about 
20 to 40 mg, about 20 to 30 mg, about 30 to 60 mg, about 
30 to 50 mg, about 30 to 40 mg, about 40 to 60 mg, about 
40 to 50 mg, and about 50 to 60 mg. These ranges are useful 

Where used in the functional coating composition, a pore 
former or a pore-forming agent can be selected to modify the 
permeability of the coating composition provided over the 
CR core. For example, the permeability of the functional 
coating composition may be increased by including one or 
more pore formers or pore-forming agents in the coating 
composition. In one embodiment, the pore formers disclosed 
herein may be soluble in water. In one such embodiment, 
when a CR dosage form comprising a functional coating 
composition with at least one pore former is swallowed by 
a patient and contacted with gastric fluid, the water-soluble 
pore formers may dissolve and form pores or channels in the 
coating through which the drug is released. It is possible to 
use an enteric component as part or all of the pore former in 
the coating composition. Examples of such materials that 
may be used as a pore former in the context of the present 
description include cellulose acetate phthalate, methacrylic 
acid-methyl methacrylate copolymers, and polyvinyl acetate 
phthalate. However, incorporating enteric components in the 
film may result in delivery characteristics that exhibit some 
level of sensitivity to gastric and intestinal transit times. 

Where included, the amount and nature of the pore former 
included in the functional coating composition can be 
adjusted to obtain desired release rate characteristics for a 
given drug substance. In one embodiment, the functional 
coating composition may include an amount of pore former 
that ranges from about 20% to about 50% by weight of the 
coating composition. For example, the pore former may be 
present in an amount ranging from about 20% to 45%, about 
25% to 45%, about 30% to 45%, and about 35% to 45% by 
weight of the functional coating composition. In one such 
embodiment, the pore former may be present in an amount 
selected from about 20%, 25%, 30%, 35%, 40%, 45%, and 
50% by weight of the functional coating composition. 

The functional coating composition as disclosed herein 
may also comprise one or more plasticizers. In certain 
embodiments, the functional coating composition may 
include a plasticizer such as triethyl citrate or dibutyl 
sebacate. In one such embodiment, a plasticizer may be 
present in the functional coating composition in an amount 
ranging from about 5% to 15% by weight relative to the base 
polymer. In certain embodiments, the functional coating 
composition may include a plasticizer in an amount selected 
from about 5%, 8%, 10%, 12%, and 15% by weight relative 
to the base polymer. 

25 for oval tablets of about 500 mg to about 1000 mg in weight. 
Alternatively, for a given tablet size or weights, the func
tional coating composition as disclosed herein may be 
applied at between about 2.5% and 7.5% of the tablet 
weight. For example, in one such embodiment, where the 

30 tablet is a 2,000 mg oval tablet, a functional coating com
position may be applied at a weight ranging from about 50 
mg to about 150 mg. 

In addition to adjusting the amount or nature of the pore 
former included in the functional coating composition, the 

35 release rate of drug provided by the controlled release 
dosage form disclosed herein may be adjusted by modifying 
the thickness or weight of the functional coating composi
tion. For example, a more rapid release rate will generally be 
achieved as the amount of a given pore former included in 

40 the functional coating composition is increased or the thick
ness or weight of the coating composition applied over the 
CR core is decreased. Conversely, a slower or more con
trolled release may be achieved, generally, as relatively less 
of a given pore former is included in the functional coating 

45 composition or the thickness or weight of the coating 
composition applied to the CR core is increased. Addition
ally, in certain embodiments, the release rate of drug from 
the CR core may be adjusted by modifying the water content 
of the functional coating composition. For example, increas-

50 ing the water content of the functional coating composition 
may increase the release rate of drug the CR core. 

The functional coating compositions as disclosed herein 
may be applied to a CR core according to conventional 
coating methods and techniques. In one embodiment, the 

55 functional coating composition as disclosed herein may be 
applied using a conventional perforated pan coater. In 
another embodiment, the functional coating composition 
may be applied using an aqueous pan-coating process. In 
one such embodiment, the use of an aqueous pan-coating 

60 process may include the use of a latex dispersion. For 
example, a latex dispersion such as SURELEASE may be 
used for an ethylcellulose pan-coating process. In another 
example, a latex dispersion such as EUDRAGIT RS 30 D 
may be used in a pan-coating process for ammonio-meth-

65 acrylates. In yet another embodiment, the functional coating 
composition may be applied using a solvent-based pan
coating process. In one such embodiment, a solvent-based 
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pan-coating process may include the use of an alcohol 
solvent, such as ethanol. For example, an alcohol-solvent 
based pan-coating process may utilize a 95% ethanol and 
5% water (w/w) solvent. 

In one embodiment, the functional coating compositions 
as described herein may be applied using a fluid bed coating 
process such as a Wurster fluid bed film coating process. In 
another embodiment, the functional coating composition 
may be applied using a compression coating process. In yet 
another embodiment, the functional coating composition 
may be applied using a phase inversion process. In certain 
embodiments, the functional coating composition as dis
closed herein may be applied over a suitable subcoating. 

III. Moisture Barrier/Cosmetic Coatings 
When a controlled release formulation or dosage form is 

provided as a coated tablet, in some embodiments, it may be 
coated with a moisture barrier or a moisture-resistant coating 
composition. For example, a controlled release dosage form 
as disclosed herein comprising GHB as the drug substance 
may include a moisture barrier. In another example, a 
moisture barrier may be particularly useful where sodium 
oxybate is used as the drug substance. In one embodiment, 
the moisture barrier may be a polyvinyl alcohol-based 
coating, such as OPADRY AMB (Colorcon Inc., Harleys
ville, Pa.). In another embodiment, the moisture barrier may 

16 
therein within a period of less than one hour after adminis
tration. In particular embodiments, the IR component of the 
compositions described herein release more than about 95% 
of the drug contained therein within a period selected from 

5 less than 45 minutes, less than 30 minutes, and less than 15 
minutes post-administration. In other embodiments, the IR 
component of the compositions described herein release 
more than about 80% of the drug contained therein within a 
period selected from less than 45 minutes, less than 30 

10 minutes, and less than 15 minutes post-administration. 
In certain embodiments, the IR formulation is provided as 

an immediate release component of a controlled release 
dosage form as described herein. In one such embodiment, 
the IR component is provided as a coating over a controlled 

15 release component or formulation as described herein. A unit 
dosage form that integrates both controlled release and 
immediate release components can increase the convenience 
and accuracy with which a drug such as GHB is dosed to 
patients by providing a unit dosage form that not only 

20 provides quick onset of action, but also sustained delivery of 
GHB to the patient over a prolonged period of time. Fur
thermore, where the drug to be delivered is selected from 
GHB and pharmaceutically acceptable salts, hydrates, tau
tomers, solvates and complexes of GHB, dosing controlled 

25 release and immediate release formulations together may 
avoid the disadvantages of the current GHB dosing regi
mens, which can result in highly pulsatile plasma concen
trations. 

be a hydroxypropyl methylcellulose (HPMC)/wax-based 
coating, such as AQUARIUS MG (AshlandAqualon, Wilm
ington, Del.). In yet another embodiment, the moisture 
barrier may be a HPMC/stearic acid-based coating. The 
moisture barrier as disclosed herein, in some embodiments, 30 

may be formed using a reverse enteric material, such as 
EUDRAGIT E, and may be coated from alcohol or alcohol/ 
water solutions or from an aqueous latex dispersion. In 
embodiments where the controlled release dosage form is 
provided as a tablet of about 500 mg-1000 mg in weight, for 
example, the moisture barrier coating may be applied at a 
weight selected from about 10 mg to about 60 mg/tablet and 
about 25 mg to about 50 mg/tablet. In general, a minimum 
weight is needed to ensure complete coverage of the tablet 

I. Immediate Release Component 
When the immediate release formulation is provided as an 

integrated IR component of a controlled release dosage 
form, the amount of drug included in the IR component may 
range from about 10% to 50% by weight of the total drug 
included in the integrated dosage form. As used herein, 

35 "integrated dosage form" refers to a single unit dosage form 
that includes both immediate release and controlled release 
components as described herein. For example, where the 
drug to be delivered from the immediate release and con
trolled release formulations incorporated into an integrated 
dosage form is selected from GHB and pharmaceutically 
acceptable salts, hydrates, tautomers, solvates and com-

in light of imperfections in the tablet surface, and a maxi- 40 

mum weight is determined by practical considerations, such 
as coating time, or by the need for better moisture protection. 

As will be readily appreciated, the controlled release 
dosage form can be further provided with a cosmetic top 
coat. In one embodiment, a top-coat may be applied to an 45 

existing coating composition such as a moisture barrier. In 
certain embodiments, a cosmetic top-coat may include at 
least one ofHPMC and copovidone. For example, when the 
controlled release dosage form includes a coated tablet 
comprising sodium oxybate as the drug, a top-coat including 50 

HPMC, such as for example an HPMC material selected 
from one or more ofHPMC E3, E5, or E15, may be applied 
over a moisture barrier to improve the effectiveness of the 
moisture barrier by reducing any seepage of sodium oxybate 
and water from the surface of the coated tablet. 55 

B. Immediate Release Formulations 

plexes of GHB in some embodiments, the drug included in 
the IR component may comprise about 10% to about 50% by 
weight of the total drug included in the unit dosage form. In 
one such embodiment, the drug included in the IR compo
nent of an integrated dosage form may comprise about 10%, 
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by weight 
of the total drug included in the unit dosage form. For 
example, an integrated dosage form as described herein may 
contain 1000 mg sodium oxybate, wherein 100 mg to 500 
mg sodium oxybate (10% to 50% by weight) is contained 
within and delivered from the IR component and 500 mg to 
900 mg sodium oxybate (50% to 90% by weight) is con
tained within and delivered from the CR component. 

Where the IR component is provided as a coating over a 
controlled release dosage form, in certain embodiments, the 
drug included in the IR component may account for between 
about 75% and 98% by weight of the IR formulation. In the 
context of describing an IR component provided over a 

The controlled release formulations described herein can 
be dosed together with an immediate release (IR) formula
tion. In one embodiment, the IR formulation may be pro
vided as a separate formulation or dosage form that may be 
dosed together with a dosage form provided by a controlled 
release dosage form as described herein. The IR formulation 
may be provided in any suitable form, such as a dry powder 
formulation, a tablet or capsule unit dosage form, or a liquid 
formulation such as a solution or suspension formulation. As 
used herein, "immediate release" refers to a drug formula
tion that releases more than about 95% of the drug contained 

60 controlled release dosage form as described or disclosed 
herein, the controlled release dosage forms referred to 
include the controlled release formulations described herein, 
including, in specific embodiments, CR cores coated with a 
functional coating as described herein. Again, the drug 

65 included in such an embodiment may be selected from GHB 
and pharmaceutically acceptable salts, hydrates, tautomers, 
solvates and complexes of GHB. In certain embodiments, 
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the IR component may comprise sodium oxybate in an 
amount of selected from a range of between about 75% and 
98%, between about 80% and 98%, between about 85% and 
98%, between about 90% and 98%, and between about 95% 
and 98% by weight. 

An IR component formed as a coating over a controlled 
release dosage form as disclosed herein may be applied as a 
tableted overcoat according to conventional tablet coating 
and binding methods. Alternatively, an IR component 
formed as a coating over a controlled release dosage form as 
disclosed herein may be applied as a film coating, such as, 
for example, from a solution containing a suitable amount of 
drug and film former. In one such embodiment, wherein 
sodium oxybate is the drug included in the IR component, 
the coating forming the IR component may be coated over 
a controlled release dosage form from a coating solution that 
utilizes an alcohol and water solvent. For example, a suitable 
immediate release coating may be formed using a 20% 
solution of sodium oxybate in a 60%/40% (w/w) alcohol/ 
water solution that contains a suitable film-former. 

18 
The formulation and structure of integrated dosage forms 

as described herein can be adjusted to provide a combination 
of immediate release and controlled release performance 
that suits a particular dosing need. In particular, the formu-

5 lation and structure of integrated dosage forms as described 
herein can be adjusted to provide any combination of the 
immediate release and controlled release performance char
acteristics described herein. In particular embodiments, for 
example, the drug delivered from an integrated dosage form 

10 as described herein is selected from GHB and pharmaceu
tically acceptable salts, hydrates, tautomers, solvates and 
complexes of GHB, and the integrated dosage form sustains 
delivery of GHB over a period of from about 4 to about 10 
hours. In one such embodiment, the IR component of the 

15 integrated dosage form provides rapid onset of action, 
releasing more than about 90% of the drug contained therein 
within a period of time selected from less than one hour, less 
than 45 minutes, less than 30 minutes and less than 15 
minutes after administration, while the controlled release 

20 composition included in the integrated dosage begins to 
deliver drug as the IR component is released and continues 
to deliver drug for a sustained period of between about 4 and 
about 10 hours. In another such embodiment, the IR com
ponent of the integrated dosage form provides rapid onset of 

Where the IR component is provided as a film coat and 
includes one or more film-formers, suitable film formers 
may be selected from, for example, copovidone, hydroxy
propyl cellulose, HPMC, and hydroxymethyl cellulose 
materials. An IR component containing sodium oxybate as 
the drug can be applied as a suspension or as a solution by 
adjusting the water content of the coating mixture. For a 
suspension, little or no water is added to the alcohol, and the 
example film formers should be suitable. To prepare a 
solution, however, the water content of the solvent is 
increased, for example to 40%, and a smaller set of film 
formers would be suitable due to the precipitation of most 
common film formers in the presence of sodium oxybate 
solution. Hypromellose is one of several potential film 35 

formers that is suitable. It is further possible, with more 
difficulty, to apply the sodium oxybate from an aqueous 
solution; however, the same limitations on film former 
applies, and processing is complicated by the hygroscopic 
nature of the drug. In one embodiment, the IR component 40 

useful for use in a controlled release dosage form as 
described herein includes 91 % sodium oxybate and 9% 
hypromellose (HPMC E-15) that is applied from a solution 
containing 20% sodium oxybate and 2% HPMC E-15 in a 
60/40 w/w ethanol/water solvent. 

25 action, releasing more than about 90% of the drug contained 
therein within a period of time selected from less than one 
hour, less than 45 minutes, less than 30 minutes and less than 
15 minutes after administration, while the controlled release 
composition included in the integrated dosage begins to 

30 deliver drug after the IR component is released and contin
ues to deliver drug for a sustained period of between about 
4 and about 10 hours. 

Moreover, the ratio of drug release from the IR compo
nent and CR component can be adjusted as needed to 
facilitate a desired dosing regimen or achieve targeted 
dosing. A dosage form as described herein that integrates 
both IR and CR components may be formulated to deliver as 
much as 2,000 mg of a desired drug, such as GHB or a 
pharmaceutically acceptable salt, hydrate, tautomer, solvates 
or complex of GHB. In particular embodiments, the total 
amount of drug contained within an integrated IR/CR dos-
age form according to the present description may be 
between about 500 mg and about 1,400 mg. For example, in 
certain such embodiments, the total amount of drug may be 

45 selected from between about 500 mg and 1,400 mg, about 
500 mg and 1,200 mg, about 500 mg and 1,100 mg, about 
600 mg and 1,200 mg, about 600 mg and 1,100 mg, about 
600 mg and 1,000 mg, about 600 mg and 950 mg, about 600 
mg and 850 mg, about 600 mg and 750 mg, about 750 mg 

Where the IR component of an integrated dosage form is 
provided as a coating over the controlled release dosage 
form, the coating forming the IR component may further 
include one or more of an anti-tack agent and a plasticizer 
to facilitate processing and to improve film properties. 
Furthermore, addition of one or more surfactants, such as 
sodium lauryl sulfate, may improve the dissolution of IR 
coatings that contain hydrophobic components (such as 
anti-tack agents or water-insoluble film formers). 

In embodiments where the IR component is provided as 
a coating over a controlled release formulation as described 
herein, the IR component may be positioned directly over 
the functional coating of the controlled release formulation. 
Where desired or necessary based on the drug to be deliv
ered from the IR component and controlled release formu
lation included in such an integrated dosage form, the outer 
surface of the IR component may then be coated with a 
moisture barrier layer. For example, where the drug deliv
ered by the integrated dosage form is highly hygroscopic, 
such as, for example, sodium oxybate, a moisture barrier 
layer over the immediate release coating forming the IR 
component may be provided. 

50 and 1,200 mg, about 750 mg and 1,100 mg, about 750 mg 
and 1,000 mg, about 750 mg and 950 mg, and about 750 mg 
and 850 mg. In an integrated IR/CR dosage form, the 
relative amounts of drug delivered from the IR component 
and CR components may be adjusted as desired as well. In 

55 particular embodiments, the ratio of drug released from the 
IR component to drug released from the CR component is 
from about 1 :2 to about 1 :4. In certain embodiments, such 
ratio is selected from about 1:2, 1:2.5, 1:3, 1:3.5 and 1 :4. 

In particular embodiments, the integrated dosage form 
60 may be formulated such that the controlled release formu

lation begins release of drug substantially simultaneously 
with delivery of the drug from the IR component. Alterna
tively, the integrated dosage form may be formulated such 
that controlled release formulation exhibits a start-up time 

65 lag. In one such embodiment, for example, the integrated 
dosage form maybe formulated and configured such that 
start-up of delivery of drug from the controlled release 
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TABLE lB-continued 

Granulation Parameters 
WET GRANULATION 

5 IMPELLER SPEED (RPM) 
CHOPPER SPEED (RPM) 

compos1t10n occurs after delivery of drug from the IR 
component is substantially complete. Where a start-up lag 
time is desired, an enteric coating may be applied over the 
controlled release component (e.g., over a functional coat
ing), but such a coating would necessarily limit the start-up 
lag to gastric residence and its associated variability. Use of 
enteric pore-formers would also impart a start-up lag, and 
such an embodiment would be more sensitive to food effects 
and gastric motility. Where a less pH-sensitive start-up lag 
time is desired, the delay may be accomplished or adjusted 10 

by the use of one or more coatings and films, including the 
functional coating provided over a CR core and, where 
utilized, the moisture barrier or cosmetic overcoats. In 
particular, start-up lag time as disclosed herein may be 
adjusted by modifying the formulation, thickness, and/or 15 

weight of the functional coating provided over the CR core, 
the moisture barrier layer or one or more non-functional or 

300 
1800 

cosmetic overcoats. 

EXAMPLES 20 

Example !----Controlled Release Core 

A granulation used to form CR cores as described herein 
was manufactured in a 25 L high shear granulator according 25 

to the formula in Table IA. Klucel EXF was divided into two 
equal portions; half of the Klucel EXF was dissolved in the 
ethanol, and half was dry blended with sodium oxybate. The 
material was initially granulated with 10% w/w ethanol and 
then titrated with another 3.5% w/w ethanol solution to 30 

achieve desired granule growth. A suitable wet mass was 
obtained at a total ethanol concentration of 13.5% w/w. The 
wet granules were divided into two sub lots and then each 
sub lot was dried in a 5-liter Niro fluid bed dryer. The dried 
granules were combined and milled through a COMIL 35 

equipped with a 14 mesh screen. Granulation parameters 
and particle size distribution are shown in Tables 1 B and 1 C, 
respectively. 

The granulation was then combined with 2% magnesium 
stearate lubricant, and tablets were compressed on a 16-sta- 40 

tion press fitted with chrome-plated 0.325"x0.705" modified 
oval tooling. The average tablet hardness was 10.7 kilo
ponds. 

DRYING SUBLOT 1 SUBLOT 2 

DRYING INLET 70 70 

TEMPERATURE (° C.) 
TOTAL DRYING TIME 17 18 

(MIN) 
EXHAUST TEMPERATURE 47 48 

AT END OF DRYING 
(" C.) 
LOD (% WT LOSS) 0.84 0.92 

TABLE IC 

Screen Analysis of Milled Granulation 

Screen size Opening size Wt Retained 
US Std mesh microns (%) 

20 850 2.1 
40 420 10.4 
60 250 19.8 
80 180 25.0 

120 125 22.9 
200 75 12.5 
Pan <45 7.3 

Example 2-Functional Coating 

Tablets from Example 1 were coated with a solution 
prepared according to the formulation in Table 2A. The 
ethylcellulose was first added to a 95/5 w/w mixture of 
ethanol and water and stirred until dissolved. Next, the 
hydroxypropyl cellulose and dibutyl sebacate were added 
and stirred until completely dissolved. 4.7 kg of tablets from 
Example 1 were then charged to an 8" pan Driam tablet 
coater and coated with the solution to 5 .1 wt % gain ( 40 

TABLE IA 

Controlled Release Core Tablet Formulation 

45 mg/tablet). The tablets were then dried for 5 minutes in the 
coater, and then finally cooled in the pan to an exhaust 
temperature below 30° C. 

Ingredient(s) 

Sodium Oxybate 
2 Hydroxypropyl cellulose, NF (Klucel EXF) 
3 Etbanol, USP (200 proof)* 
4 Magnesiwn Stearate, NF 

TOTAL 

*Granulation solvent, removed during drying step 

TABLE 1B 

Granulation Parameters 
WET GRANULATION 

GRANULATION SOLUTION 
ADDITION RATE (G/MIN) 
TOTAL GRANULATION TIME 
(INCLUDING SOLUTION 
ADDITION AND WET 
MASSING TIME) 

o/ow/w mg/tablet 

96.0 750.0 50 
2.0 15.6 

13.5 
2.0 15.6 

100.0 781.2 

55 

60 

250 

7 MINUTES 

65 

The dissolution profile was measured in de-ionized water 
using USP Apparatus 2 set to 37° C.±2° C. with paddles at 
50 rpm. Samples were analyzed by HPLC. As shown in FIG. 
1, the coated tablets exhibited controlled release with dura
tion of approximately 6 hours. The dosage form released 
12% of its contents after 1 hour, 34% after 2 hours, 71 % 
after 4 hours, 93% after 6 hours, and 99% after 8 hours. 

TABLE 2A 

Formulation of Sodium Oxybate Sustained-Release Tablets 

% of coat % w/w of mg/ 
Ingredient(s) solids tablet tablet 

5 Sodium Oxybate tablet core 95.13 781.25 
6 Hydroxypropyl cellulose, 37.0 1.80 14.80 

NF (Klucel EF) 
7 Dibutyl sebacate 5.0 0.24 2.00 
8 Etbylcellulose, NF (Etbocel 58.0 2.82 23.20 

Standard Premium 10) 
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TABLE 2A-continued 

Formulation of Sodium Oxybate Sustained-Release Tablets 

Ingredient(s) 

9 Etbanol, USP (200 proof)* 
10 Purified water* 

TOTAL 

*Coating solvent, removed during processing 

% of coat % w/w of mg/ 
solids tablet tablet 

100.0 100.00 821.25 

TABLE 2B 

Coating Parameters for Driarn 8" Pan Coater 

CR COATING AVERAGE RANGE 

INLET TEMPERATURE (0 C.) 46 42-55 
EXHAUST TEMPERATURE (0 C.) 43 41-46 
INLET AIRFLOW (PASCAL) >300 >300 
ATOMIZATION PRESSURE (BAR) 2 2.0 
SPRAY RATE (G/MIN) 35 32-37 
PAN SPEED (RPM) 6 5-7 

Example 3-Immediate-Release Overcoat 

A solution of 20% sodium oxybate as active and 2.0% 
hypromellose E-15 (HPMC E-15) as film-former was pre
pared in 60/40 (w/w) ethanol/water. The coating solution 
was manufactured by first dissolving the HPMC E15 in 
water, then adding the ethanol and sodium oxybate. 3 kg of 
750-mg strength sustained-release tablets from Example 2 
were charged to a Driam tablet coater equipped with an 8" 
pan and preheated to 40° C. The entire coating solution was 
applied according to the parameters listed in Table 3A. The 
tablet weight gain was monitored every 5 minutes, and the 
coating was stopped when the entire solution was sprayed 
(the theoretical weight gain is 33.5% ). The tablets were dried 
for 15 minutes; the tablets did not lose any weight during the 
15 minute drying time, and so it was assumed that the drying 
was complete. The tablets were then cooled in the pan to an 
exhaust temperature of <30° C. 

22 
TABLE 3A-continued 

Parameters for Immediate-Release 
Overcoating with 8" Driarn Coater 

5 DRUG OVER-COATING AVERAGE RANGE 

10 

15 

20 

TOTAL RUN TIME (HRS) 4 HRS 47 MIN (COATING) 
15 MIN (DRYING) 

The following examples illustrate aspects of the sus
tained-release coating formulation with several evaluations 
using tablets from Example 1. 

Example 4-Effect of Membrane Weight with 
Poloxamer as Pore Former in Functional Coating 

One means of controlling dissolution is by adjustment of 
the coating thickness, or amount of film applied to each 
tablet. This was illustrated with a film consisting of 33% 
poloxamer 188 (P188) and 67% ethylcellulose 10 cPs (EC-
10). The coating solution was prepared by dissolving 3.59 
grams of EC-10 and 1.77 grams of Pl 88 in a mixture of 80 
grams denatured alcohol ("alcohol") and 4 grams de-ionized 
water. (Denatured alcohol, S-L-X manufactured by W. M. 

25 
Barr, is approximately a 50/50 w/w blend of methanol and 
ethanol.) 

Twelve tablets from Example 1 were coated in a Caleva 
Mini-coater/Drier 2 under parameters listed in Table 4A. 
Periodically, the tablets were removed and weighed to 

30 
determine film weight. Three tablets were removed at times 
corresponding to 21 mg, 30 mg, 40 mg, and finally 60 mg 
weight gain. 

The dissolution profiles were measured with USP Appa
ratus 7 (Vanke! Bio-dis) set to 37° C.±2° C. and using a 

35 
dipping rate of 30/minute, tablets fixed in plastic holders and 
intervals corresponding to 0.5 h, 1 h, 1.5 h, 2 h, 3 h, 4 h, 5 
h, 6 h, 7 h, 8 h, and 14 h ( each interval is 50 ml volume). The 
tubes were analyzed by conductivity, and results are calcu
lated as percent of total amount. The results demonstrate that 

40 
controlled release is achieved with membrane weights rang
ing from at least 21-60 mg/tablet, and that duration of 
delivery increases as the membrane weight increases. 

TABLE 4A 
Analysis by HPLC revealed an overall potency of 961 mg, 

and thus a drug overcoat potency of 211 mg. Dissolution 45 

testing using USP Apparatus 2 set to 37° C.±2° C. with 
paddles at 50 rpm, shown in FIG. 2, demonstrates substan
tially the entire immediate-release overcoat is dissolved in 

Standard Parameters for Sustained-Release 
Coating in Caleva Mini-Coater/Drier 2 

Parameter 

Batch size 

Setting 

3-12 Tablets 
40° C. 
70-85% 

15 minutes and that controlled release is maintained for 
50 

approximately 6 hours thereafter. Higher amounts of drug 
can be applied to the immediate release overcoat by using 
higher amounts of coating solution and extending the coat
ing time accordingly. 

Inlet temperature 
Air flow setting 
Solution flow rate 
Agitator setting 
Atomization pressure 
Gun position 

18 ml/hr 
32 

0.5 bar 
Adjusted to achieve 
desired deposition 

TABLE 3A 

Parameters for Immediate-Release 
Overcoating with 8" Driarn Coater 

DRUG OVER-COATING AVERAGE 

INLET TEMPERATURE (0 C.) 59 
EXHAUST TEMPERATURE (0 C.) 51 
PRODUCT TEMPERATURE (0 C.) 43 
INLET AIRFLOW (PASCAL) >300 
ATOMIZATION PRESSURE (BAR) 2 
SPRAY RATE (G/MIN) 16 
PAN SPEED (RPM) 8 

RANGE 

55-63 
50-53 
41-49 
>300 

2 
14-17 

7-8 

55 

60 

Example 5-Effect of Membrane Weight with 
Hydroxypropyl Cellulose as Pore Former in 

Functional Coating 

Following procedures of Example 4, 12 tablets from 
Example 1 were coated with a film consisting of 36.5% 
HPC-EF, 5.0% dibutyl sebacate (DBS), and 58.5% EC-10 

65 (all percentages by weight) coated from a solution consisting 
of 7% solids in 95/5 alcohol/water. The results shown in 
FIG. 4 demonstrate that controlled release over a relevant 
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time period is achieved with membrane weights ranging 
from at least 21-60 mg/tablet, and that duration of delivery 
increases as the membrane weight increases. 

Example 6-Effect of Poloxamer Level in 
Functional Coating 

In addition to adjustment of membrane weight, another 
useful means of controlling release rate or duration is by 
adjustment of the pore-former content of the formulation. 10 

Following procedures of Example 4, two additional solu
tions consisting of (a) 25% P188 by weight/75% EC-10 by 
weight and (b) 40% P188 by weight/60% EC-10 by weight 
were prepared as 7% (w/w) solutions in 95/5 alcohol/water. 
In each of the two separate coatings, four tablets from 15 

Example 1 were coated to 41 mg. The dissolution profiles 
are shown in FIG. 5, along with that of the 40 mg set of 
Example 4 for comparison. The results demonstrate that 
poloxamer level can be adjusted at least over the range of 
25%-40% by weight, while still providing controlled release 20 

of the drug. 

24 
profiles, and suggest that other ethylcellulose grades (such 
as 20 cPs) may also be acceptable. 

Example 10----Demonstration of Alcohol 
Ruggedness of Controlled Release Sodium Oxybate 

Tablets 

Co-administration of sustained-release dosage forms with 
alcoholic beverages is a relevant concern, as ethanol is 
known to dissolve certain rate-controlling components that 
would not otherwise be dissolved. In some dosage forms, 
this may lead to dose-dumping. As ethanol is rapidly 
absorbed in the stomach, a relevant test involves dissolution 
of the dosage form in vodka ( 40% ethanol nominal) for 2 
hours (representing gastric retention time), followed by 
normal dissolution in de-ionized water. 

This test was performed on sustained-release tablets from 
Example 9 (36.5 wt % HPC EF, 5 wt % DBS, 58.5 wt % 
EC-4 ). The analysis of sodium oxybate by conductivity was 
corrected for the different response in vodka vs. de-ionized 
water. The results shown in FIG. 9A indicate that dissolution 
is slower in Vodka, and that no dose-dumping occurred. Example 7-Effect of Hydroxypropyl Cellulose 

Level in Functional Coating 

In a fashion similar to Example 6, the effect of HPC level 

Likewise, a similar test was performed on sustained-
25 release tablets with a film comprised of 33 wt % Pl 88 and 

67 wt % EC-10. Those results, shown in FIG. 9B, also 
indicate slower release in vodka and no dose-dumping. in the functional coating was evaluated over the range of 

30%-50% by weight. Three separate coating solutions were 
prepared with 30%, 40%, and 50% HPC-EF; 5% DBS; and 
the balance EC-10. All solutions were prepared with 7% 30 

total components in 95/5 alcohol/water. In each coating, 4 
tablets from Example 1 were coated to 40-41 mg/tablet 
weight gain. The dissolution profiles shown in FIG. 6 
demonstrate controlled release of the drug was achieved 
with HPC levels of at least 30-50% by weight. 

Example 8-Effect of Hydroxypropyl Cellulose 
Molecular Weight when Used in Functional 

Coating 

Hydroxypropyl cellulose is supplied in several molecular 
weight grades, many of which may be suitable for use as 
pore-formers in ethylcellulose films. Two such grades (Klu-
cel "EF" and "JF", supplied by Ashland) corresponding to 
80,000 daltons and 140,000 daltons were evaluated with 
other components fixed. Following procedures of Example 

Example 11-Aqueous Coating of Controlled 
Release Film 

Due to the hygroscopic nature of sodium oxybate, coating 
the rate-controlling film from an alcoholic solution is desir
able. However, use of ethylcellulose aqueous dispersions is 

35 attractive for environmental and cost considerations. A film 
consisting of 30 wt % HPC EF and 70 wt % Surelease 
(aqueous ethylcellulose dispersion) was deposited on tablets 
from Example 1 as follows. First, 1.37 grams of HPC EF 

40 
was dissolved in 22.6 grams de-ionized water. This was then 
poured into 32.5 grams of Surelease E-7-19040-clear while 
stirring. Eight tablets were coated in the Caleva Mini-coater/ 
Drier 2 with flow rate of 15 ml/hr and 58° C. inlet tempera
ture. Samples removed at 24 mg and 40 mg were then tested 

45 for dissolution, with no post-coating heat treatment. The 
results are shown in FIG. 10. 

4, solutions were prepared with 40% HPC, 5% DBS, and 
55% EC-10 (all percentages by weight) using 7% total 
components in 95/5 alcohol/water. In each coating, 4 tablets 
from Example 1 were coated to 40-41 mg/tablet weight gain. 50 

The results shown in FIG. 7 demonstrate a modest effect of 
molecular weight and that the two grades tested provide for 
acceptable release profiles. 

Example 12-Calcium Oxybate Controlled Release 

A controlled release dosage form for delivery of calcium 
oxybate was prepared by generally following procedures of 
Example 1 found in U.S. Pat. No. 4,393,296 (Klosa, Pro
duction of Nonhygroscopic Salts of 4-Hydroxybutyric 
Acid). The isolated calcium oxybate was milled to pass 

Example 9-Effect of Ethylcellulose Molecular 
Weight or Viscosity 

Another consideration is the molecular weight, or viscos
ity, of ethylcellulose. Two grades were evaluated, corre
sponding to 4 cPs and 10 cPs viscosity for a 5% solution. 
Following procedures of Example 4, two solutions were 
prepared corresponding to 58.5 wt % ethylcellulose (EC-4 
or EC-10), 36.5 wt% HPC-EF, and 5.0 wt% DBS having 
7% w/w total components in 95/5 alcohol/water. Tablets 
from Example 1 were coated to 40 mg/tablet weight gain, 
and dissolution profiles are shown as FIG. 8. The results 
indicate both grades of ethylcellulose provide for acceptable 

55 through a 16-mesh screen. For this study, a small sample 
comprising 9.3 grams of calcium oxybate was blended with 
0.19 grams of sodium stearyl fumarate (Pruv, JRS Pharma, 
Rosenberg, Germany). 800 mg aliquots of this 98% calcium 
oxybate and 2% sodium stearyl fumarate were then directly 

60 compressed into tablets using 0.325"x0.705" modified oval 
tooling and a Carver press with 1-ton applied force. Fol
lowing procedures of Example 4, nine tablets were coated 
with a film having 33% poloxamer 188 and 67% EC-10 from 
a solution of 7% w/w solids in 95/5 alcohol/water. Two 

65 tablets were removed at each intermediate coating weight 
corresponding to 20 mg, 32 mg, 41 mg, and finally at 60 mg. 
The dissolution profiles are shown as FIG. 11. These results 
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using calcium oxybate follow the general behavior of 
sodium oxybate demonstrated in Example 4. 

Example 13-Clinical Evaluation of Controlled 
Release Dosage Forms 5 

26 
as described in Example 1 and Example 4, and the controlled 
release dosage forms administered as Treatments D and E 
included 1,000 mg sodium oxybate per dosage form and 
were produced with a CR core (750 mg sodium oxybate), 
functional overcoat, and IR overcoat (250 mg sodium oxy-
bate) as described in Examples 1 through 3. 

Patients were divided into two groups. The first group 
An open-ended, randomized, crossover study was con

ducted to evaluate controlled release dosage forms as 
described herein. The controlled release dosage forms were 
formulated to deliver sodium oxybate and were compared to 
a sodium oxybate oral solution ( commercially available as 
Xyrem® (sodium oxybate) oral solution). The study was 
conducted in healthy male and female volunteers. 

received Treatment A, Treatment B, and Treatment C over 
10 the course of the clinical study, with a washout period 

Four different sodium oxybate formulations were admin- 15 
istered to patients. The first, designated herein as Treatment 
A, was the sodium oxybate oral solution containing 375 
mg/ml sodium oxybate. Treatments B through E, as desig
nated herein, involved administration of three controlled 
release dosage forms (Treatments B through D), with one of 20 

the controlled release dosage forms being used to administer 
two different doses of sodium oxybate (Treatments D and E). 
The controlled release dosage forms administered as Treat
ment B included 750 mg sodium oxybate per dosage form 

25 
and were produced with a CR core and functional overcoat 
as described in Example 1 and Example 2, the controlled 
release dosage forms administered as Treatment C included 
750 mg sodium oxybate per dosage form and were produced 

between each treatment. Treatment A was administered to 
each patient as two 3 g doses given four hours apart ( one 
dose at time zero and the second dose four hours later), for 
a total dose of 6 g sodium oxybate. Treatments B and C were 
administered to each patient only at time zero, with each 
treatment being administered as 8 tablets, providing a total 
dose of 6 g sodium oxybate. Blood samples from each 
patient were taken at various intervals and analyzed by 
LC/MS for total sodium oxybate content in the plasma. A 
total of 29 patients received Treatment A, a total of 19 
patients received Treatment B, and a total of 19 patients 
received Treatment C. The mean plasma concentration of 
sodium oxybate over time achieved by each of the treat
ments is shown in FIG. 12 (Treatment A and Treatment B) 
and FIG. 13 (Treatment A and Treatment C), and a summary 
of pharmacokinetic parameters provided by Treatments A 
through C are provided in Table 5. 

TABLE 5 

Summary of PK Parameters for Treatments A, B, C 

T112 Cmax AUClast AUCinf 

lc_z (1/hr) (hr) Tmax (hr) a (ug/ml) (hr * ug/ml) (hr * ug/ml) 

N 29 29 

Mean 1.22 0.60 

SD 0.27 0.13 

CV% 21.93 22.61 

Mean 1.19 0.58 

N 18 18 

Mean 0.62 1.22 

SD 0.16 0.40 

CV% 26.44 32.58 

Mean 0.59 1.17 

N 19 19 

Mean 0.74 0.99 

SD 0.16 0.23 

CV% 22.25 22.93 

Mean 0.72 0.96 

Treatment A 

29 

4.50 (0.5, 4.75) 

Treatment B 

19 

2.00 (1.50, 5.00) 

Treatment C 

19 

2.50 (1.00, 5.00) 

29 

130.79 

31.52 

24.10 

127.37 

19 

41.78 

18.40 

44.03 

38.46 

19 

50.49 

15.83 

31.35 

48.10 

29 

350.84 

116.74 

33.27 

333.33 

19 

188.23 

103.60 

55.04 

163.80 

19 

221.64 

106.85 

48.21 

200.08 

29 

351.20 

116.74 

33.24 

333.72 

18 

196.25 

102.50 

52.23 

173.33 

19 

222.60 

106.80 

47.98 

201.12 
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The second group was administered Treatment A, Treat
ment D, and Treatment E during over the course of the 
clinical study, with a washout period between each treat
ment. Again, Treatment A was administered to each patient 
as two 3 g doses given four hours apart ( one dose at time 5 

zero and the second dose four hours later), for a total dose 
of 6 g sodium oxybate. Treatments D and E were adminis
tered to each patient only at time zero. Patients receiving 
Treatment D were administered 4 tablets at time zero, 
providing a total dose of 4 g sodium oxybate, and patients 10 

receiving Treatment E were administered 8 tablets at time 
zero, providing a total dose of 8 g sodium oxybate. Blood 
samples from each patient were taken at various intervals 
and analyzed by LC/MS for total sodium oxybate content in 
the plasma. A total of 30 patients received Treatment A, and 15 

a total of 30 patients received Treatments D and E. The mean 
plasma concentration of sodium oxybate over time achieved 
by each of the treatments is shown in FIG. 14, and a 
surmnary of pharmacokinetic parameters provided by Treat
ments A through C are provided in Table 6. 

TABLE 6 

Summary of PK Parameters for Treatments A, D, E 

28 
the functional coating comprises one or more methacrylic 

acid-methyl methacrylate co-polymers that are from 
about 20% to about 50% by weight of the functional 
coating; and 

the sustained release portion releases greater than about 
40% of its ganima-hydroxybutyrate by about 4 to about 
6 hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of37° C. and a paddle 
speed of 50 rpm. 

2. The method of claim 1, wherein the sustained release 
portion releases about 60% to about 90% of its gamma
hydroxybutyrate by about 6 hours when tested in a disso
lution apparatus 2 in deionized water at a temperature of37° 
C. and a paddle speed of 50 rpm. 

3. The method of claim 1, wherein the sustained release 
portion releases about 10% or less of its gamma-hydroxy
butyrate by about 1 hour when tested in a dissolution 
apparatus 2 in deionized water at a temperature of37° C. and 
a paddle speed of 50 rpm. 

T112 

(hr) 
Cmax 

(ug/ml) 
AUClast AUCinf 

A_Z (1/hr) Tmax (hr) a (hr * ug/ml) (hr * ug/ml) 

Treatment A 

N 30 30 30 30 30 
Mean 1.08 0.71 4.50 (0.50, 5.50) 114.59 301.28 
SD 0.31 0.27 27.91 100.85 
CV% 29.00 37.90 24.36 33.47 
Mean 1.03 0.67 111.20 285.47 

Treatment D 

N 30 30 30 30 30 
Mean 0.46 1.63 0.75 (0.50, 2.50) 25.10 64.44 
SD 0.14 0.47 7.33 20.36 
CV% 30.27 29.00 29.20 31.60 
Mean 0.44 1.56 24.01 61.31 

Treatment E 

N 30 30 30 30 30 
Mean 0.59 1.36 1.00 (0.50, 5.00) 59.52 242.30 
SD 0.20 0.64 17.72 117.15 
CV% 34.57 46.91 29.77 48.35 
Mean 0.55 1.25 56.89 216.33 

a Tmax is summarized as median (min, max). 

It will be obvious to those having skill in the art that many 
changes may be made to the details of the above-described 
embodiments without departing from the underlying prin
ciples of the invention. The scope of the present invention 50 

should, therefore, be determined only by the following 
claims. 

The invention claimed is: 
1. A method for treating cataplexy or excessive daytime 

sleepiness associated with narcolepsy in a patient in need 55 

thereof comprising delivering to the patient a formulation 
comprising a sustained release portion comprising about 500 
mg to 12 g of at least one pharmaceutically active ingredient 
selected from gamma-hydroxybutyrate and pharmaceuti
cally acceptable salts of gamma-hydroxybutyrate, wherein: 60 

the sustained release portion comprises a functional coat
ing and a core, the functional coating is deposited over 
the core; 

the core comprises at least one pharmaceutically active 
ingredient selected from gamma-hydroxybutyrate and 65 

pharmaceutically acceptable salts of gamma-hydroxy
butyrate; 

30 
301.59 
100.87 
33.45 

285.79 

30 
65.58 
20.26 
30.90 
62.55 

30 
243.80 
116.79 
47.91 

218.12 

4. The method of claim 1, wherein the sustained release 
portion comprises hydrogenated vegetable oil, hydrogenated 
castor oil, or mixtures thereof. 

5. The method of claim 1, wherein the sustained release 
portion comprises a calcium, lithium, potassium, sodium or 
magnesium salt of ganima-hydroxybutyrate or mixtures 
thereof. 

6. The method of claim 5, wherein the sustained release 
portion comprises a sodium salt of ganima-hydroxybutyrate. 

7. The method of claim 1, wherein the one or more 
methacrylic acid-methyl methacrylate co-polymers com
prise from about 30% to about 45% by weight of the 
functional coating. 

8. The method of claim 1, wherein the formulation further 
comprises an immediate release portion comprising at least 
one pharmaceutically active ingredient selected from 
ganima-hydroxybutyrate and pharmaceutically acceptable 
salts of gamma-hydroxybutyrate. 
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9. The method of claim 8, wherein the immediate release 
portion comprises a calcium, lithium, potassium, sodium or 
magnesium salt of gamma-hydroxybutyrate or mixtures 
thereof. 

10. The method of claim 9, wherein the immediate release 5 

portion comprises a sodium salt of gamma-hydroxybutyrate. 
11. The method of claim 8, wherein the immediate release 

portion is a dry powder formulation, an immediate release 
tablet, an encapsulated formulation, a liquid solution, or 
liquid suspension. 10 

12. The method of claim 8, wherein the immediate release 
portion comprises about 55 mg to 12 g of at least one 
pharmaceutically active ingredient selected from gamma
hydroxybutyrate and pharmaceutically acceptable salts of 
gamma-hydroxybutyrate. 15 

13. The method of claim 8, wherein the formulation 
releases at least about 30% of its gamma-hydroxybutyrate 

30 
by one hour when tested in a dissolution apparatus 2 in 
deionized water at a temperature of 37° C. and a paddle 
speed of 50 rpm; and greater than about 90% of its gamma
hydroxybutyrate by 8 hours when tested in a dissolution 
apparatus 2 in deionized water at a temperature of37° C. and 
a paddle speed of 50 rpm. 

14. The method of claim 13, wherein the formulation 
releases greater than about 90% of its gamma-hydroxybu
tyrate by 7 hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of 37° C. and a paddle 
speed of 50 rpm. 

15. The method of claim 13, wherein the formulation 
releases greater than about 90% of its gamma-hydroxybu
tyrate by 6 hours when tested in a dissolution apparatus 2 in 
deionized water at a temperature of 37° C. and a paddle 
speed of 50 rpm. 

* * * * * 
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ABSTRACT

Purpose: FT218 is an investigational, once-nightly,
modified-release formulation of sodium oxybate (SO).
SO effectively treats excessive daytime sleepiness and
cataplexy in patients with narcolepsy. Current
approved SO formulations, at effective doses of 6,
7.5, and 9 g, require twice-nightly divided dosing,
with the first dose taken at bedtime and the second
2.5e4 h later. The purpose of the following studies
was to evaluate the pharmacokinetic properties,
safety profile, and tolerability of FT218 in healthy
adults.

Methods: Four crossover, single-dose studies were
conducted. The first was a pilot study (n ¼ 16) that
compared 3 prototype formulations of FT218 4.5 g
to twice-nightly SO 4.5 g (2 divided doses of 2.25 g);
the second, a dose-proportionality study (n ¼ 20)
that evaluated FT218 4.5, 7.5, and 9 g; the third, a
relative bioavailability study (n ¼ 28) that compared
FT218 6 g with twice-nightly SO 6 g (2 divided doses
of 3 g); and the fourth, a food-effect study (n ¼ 16)
of FT218 6 g.

Results: In the pilot study, FT218 prototype 2 had a
lower Cmax, lower plasma concentration 8 h after
dosing (C8h), similar exposure (AUC), and
comparable interperson variability to twice-nightly
SO 4.5 g. Exploratory pharmacodynamic data
indicated similar sleep quality and morning alertness
between FT218 and twice-nightly SO. Prototype 2
was selected for further development. In the dose-
proportionality study, FT218 had dose
proportionality for Cmax and slightly more than dose
proportionality for AUC. The relative bioavailability
study confirmed that FT218 6 g had lower Cmax and
C8h than twice-nightly SO 6 g but equivalent AUC
and comparable variability. In the food-effect study,
FT218 6 g had longer tmax (1 h later), lower Cmax

(67%), and decreased AUC (86%) in fed versus
fasted states. For all studies, adverse events with
FT218 were mostly mild or moderate in severity,
▪▪▪ xxxx
nonserious, and known to be associated with SO.
Most common adverse events included somnolence,
dizziness, and nausea. Safety profiles of FT218 and
twice-nightly SO at 4.5 and 6 g were similar.

Implications: Once-nightly FT218 at 4.5 and 6 g
had lower overall Cmax and C8h and similar exposure
and variability compared with twice-nightly SO.
FT218 was generally well tolerated and comparable
to twice-nightly SO. (Clin Ther. xxxx;xxx:xxx) ©
2021 The Author(s). Published by Elsevier Inc. This is
an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Key words: clinical study, narcolepsy, pharmacoki-
netic properties, sodium oxybate.
INTRODUCTION
Narcolepsy is a chronic sleep disorder characterized by
symptoms of excessive daytime sleepiness, cataplexy,
sleep paralysis, hypnagogic and hypnopompic
hallucinations, disrupted nocturnal sleep, and/or
dysregulated rapid eye movement sleep.1,2 Prevalence
in the United States and Europe ranges from 0.03%
to 0.05%.3,4 Approximately 70% of patients with
narcolepsy have narcolepsy type 1 (NT1), which is
characterized by the presence of cataplexy and is
associated with low or undetectable levels of the
neurotransmitter orexin/hypocretin in cerebral spinal
fluid (CSF), selective loss of orexin/hypocretin-
producing neurons in the lateral hypothalamus, and
the human leucocyte antigen allelic mutation HLA-
DQB1*06:02 in 95% of individuals with NT1,
suggesting an autoimmune origin.1,5,6 Narcolepsy
1

http://creativecommons.org/licenses/by-nc-nd/4.0/
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type 2 (NT2) is characterized by the absence of
cataplexy and mostly normal orexin/hypocretin levels
in the CSF; the underlying pathophysiology of NT2
remains unclear.7,8

Sodium oxybate (SO), the sodium salt of g-
hydroxybutyrate (GHB), is one of the primary
treatments for NT1 and NT2. Although its
mechanism of action in narcolepsy is not clearly
defined, SO is thought to reduce nocturnal sleep
disruption and promote daytime wakefulness through
activation of g-aminobutyric acid B receptors in the
central nervous system.5,9 The efficacy and
tolerability of SO, as well as its positive impact on
health-related quality of life, have been established
via extensive study in clinical trials in patients with
narcolepsy.10e13

Twice-nightly SO and the newly approved twice-
nightly mixed-salts formulation of SO are the only
medications approved in the United States to treat
both excessive daytime sleepiness and cataplexy in
children and adults with narcolepsy.9,10,14,15 SO* (at
recommended total doses of 6e9 g nightly) is
administered twice nightly in divided doses because of
its short t½ of <1 h; the first dose is typically taken
before bedtime and the second dose 2.5e4 h later,
requiring the patient and/or caregiver to wake in the
middle of the night. Moreover, this twice-nightly
dosing regimen may be associated with increased
adverse events (AEs) in the middle of the night (eg, falls).

FT218 is an investigational, once-nightly, modified-
release formulation of SO. FT218 possesses an
innovative delivery system that contains thousands of
microparticles, composed of controlled-release pellets
(which have a modified systemic release) and
immediate-release pellets. We report the findings
from 4 Phase I clinical studies investigating the
pharmacokinetic properties, safety profile, and
tolerability of FT218 in healthy adults.
PARTICIPANTS AND METHODS
Study Designs

The pilot study, dose-proportionality study, relative
bioavailability study, and food-effect study were
conducted in Groningen, Netherlands, and Gi�eres,
France.
* Trademark: Xyrem
®

(Jazz Pharmaceuticals, Dublin,
Ireland).

2

Pilot Study
The pilot study was a randomized, open-label,

crossover study to evaluate the pharmacokinetic
properties, safety profile, and tolerability of
3 formulations of FT218 (prototypes 1, 2, and 3)
compared with twice-nightly SO. Participants were
randomized 1:1:1:1 to a single 4.5-g dose of each
formulation of FT218 or 4.5 g twice-nightly SO
(given as two 2.25-g doses 4 h apart) in 4 different
sequential orders separated by a washout period of
�3 days.
Dose-Proportionality Study
This was an open-label, single-dose, 3-sequential-

period study to assess the pharmacokinetic
properties, safety profile, and tolerability of single-
dose FT218 (optimized prototype selected from the
pilot study) 4.5, 7.5, and 9 g, and to estimate dose
proportionality. Participants received 3 separate
single doses of FT218 (without titration) in a
sequential order of 4.5, 7.5, and 9 g with a minimum
7-day washout period between doses.
Relative Bioavailability Study
The relative bioavailability study was a randomized,

open-label, crossover study to evaluate the relative
bioavailability of FT218 compared with twice-nightly
SO. Participants were randomized 1:1 to a single
dose of 6 g FT218 or 6 g twice-nightly SO (given as
two 3-g doses 4 h apart) with a washout period of
�3 days between treatments. For the pilot, dose-
proportionality, and relative bioavailability studies,
FT218 or the first dose of twice-nightly SO was
administered at approximately 9:00 PM, 2 h after a
standardized dinner (1251 kcal, 19.6 g of protein,
25.5 g of fat, and 54.9 g of carbohydrate).
Food-Effect Study
The food-effect study was an open-label, 2-period,

crossover, single-dose study to assess the effect of
food on the pharmacokinetic properties of single-dose
FT218 6 g. Participants were randomized 1:1 to
single-dose FT218 6 g after a 10-hour overnight fast
(fasted state) or 30 min after a standardized, high-fat
breakfast (fed state; 50% total content of meal
consisting of fat and 800e1000 kcal, of which
150 kcal was derived from protein, 250 kcal derived
from carbohydrate, and 500e600 kcal derived from
Volume xxx Number xxx
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fat) with a minimum 3-day washout between study
periods.

For all studies, FT218 was administered orally as a
powder reconstituted as a suspension in 50e70 mL of
water. Twice-nightly SO was administered orally as a
500-mg/mL solution diluted in 60 mL of water in
divided doses given 4 h apart.10 All treatments were
administered under investigator supervision and were
followed by a hospitalization period of 16e36 h.

Participants
Individuals eligible for study enrollment were men

or women (white/non-Hispanic or Latino) 18e65
years of age who weighed �60 kg with a body mass
index of 18e28 kg/m2 and were considered healthy
by comprehensive clinical assessment (detailed
medical history and complete physical examination).
All participants had normal supine blood pressure
and heart rate, ECG findings, laboratory parameters,
and dietary habits and were nonsmokers (or able to
abstain from smoking during the clinical inpatient
period). Women were required to be nonpregnant
and nonlactating, and all participants had to use
adequate forms of contraception if sexually active.
Specific exclusion criteria across studies included
succinic semialdehyde dehydrogenase deficiency, sleep
apnea, suicidal ideation, migraine, symptomatic
hypotension, asymptomatic postural hypotension, use
of renal or hepatic-clearing medication within
30 days of study start, use of vitamins (such as St.
John's wort) within 21 days of study start, positive
drug screen result, or alcohol use. All participants
provided written informed consent for participation,
and studies were approved by the local institutional
review board or independent ethics committee.
Studies were performed in accordance with the
Declaration of Helsinki.

Blood Sampling

Pilot Study
In the pilot study, for FT218 treatment, blood

samples were collected from all participants before
dosing and at 30 min and 1, 1.5, 2, 2.5, 3, 3.5, 4,
4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 10, and 12 h after
dosing. For twice-nightly SO treatment, the same
time points were used for the first dose (omitting the
2.5-hour collection), with an additional collection
20 min after the second dose (at 4 h 20 min).
▪▪▪ xxxx
Dose-Proportionality Study
In the dose-proportionality study, blood samples

were collected before dosing; at 10, 20, and 30 min
after dosing; and at 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
5.5, 6, 7, 8, 10, 12, and 14 h after dosing.
Relative Bioavailability Study
In the relative bioavailability study, for FT218

treatment, blood samples were collected from all
participants before dosing; at 10, 20, and 30 min
after dosing; and at 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
5.5, 6, 7, 8, 10, 12, and 14 h after dosing. The same
time points were used in reference to the first dose of
twice-nightly SO, omitting the 3.5-hour collection;
there were 2 additional collections at 10 and 20 min
after the second dose of twice-nightly SO (at 4 h,
10 min, and at 4 h 20 min).
Food-Effect Study
In the food-effect study, during the fed and fasted

study periods, blood samples were collected before
dosing; at 10, 20, and 30 min after dosing; and at 1,
1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 7, 8, 10, 12, and
14 h after dosing.

Analytical Methods
In each of the four studies, at each sampling time

point, 4e6 mL of blood was drawn (via indwelling
intravenous catheter or direct venipuncture) in a
heparinized tube and centrifuged at 1500g for 5 min at
4 �C within 30 min of blood draw. At least 2 mL of the
top layer of plasma was transferred into 2 prelabeled
polypropylene tubes, each containing at least 1000 mL
of plasma and frozen at −70 �C (+/−15 �C) within 2 h.

Blood samples were sent for analysis to Eurofins/
ADME Bioanalyses (Verg�eze, France). Concentrations
of GHB in sodium heparinized human plasma were
assayed according to an analytical method validated
by Eurofins/ADME Bioanalyses. The method involves
a liquideliquid extraction followed by LC-MS/MS
with a calibration range of 0.2 mg/mL as the lower
limit of quantitation to 150 mg/mL as the upper limit
of quantitation. Quality control principles were
applied throughout the performance of the studies.
All study samples were analyzed with analytical runs
that complied with acceptance ranges for the quality
control samples. Frozen quality control samples at
3 times the lower limit of quantitation (0.6 mg/mL),
3
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0.5 times the upper limit of quantitation (75 mg/mL),
and 0.8 times the upper limit of quantitation
(120 mg/mL) GHB concentration levels were used.
The quality control concentration levels covered the
study sample concentration range of 0.204e143 mg/
mL. Incurred sample reanalysis was approximately
98%, met the acceptance criteria, and indicated the
robustness of the analytical method.

Pharmacokinetic parameters were calculated using
noncompartmental analysis with Kinetica software,
version 4.3 (Thermo Electron Corporation,
Philadelphia, Pennsylvania) or WinNonlin software
(Certara/Pharsight Corporation, Princeton, New
Jersey).

Pharmacokinetic Analysis
Evaluated pharmacokinetic parameters were

estimated from the plasma concentration time data
for plasma GHB and included Cmax, tmax,
concentration 8 h after administration (C8h),
AUC0e8, AUC0e∞, and AUC0et). AUC was
calculated using log-transformed data (logarithmic
trapezoid method).

Leeds Sleep Evaluation Questionnaire and
Actigraphy

In the pilot study, pharmacodynamic effects were
explored using the Leeds Sleep Evaluation
Questionnaire (LSEQ; getting to sleep, quality of
sleep, awake following sleep, behavior following
wakening)16 and actigraphy (sleep time >8 h).

Safety Monitoring
Safety evaluations included AE reporting, physical

examination, and monitoring of vital signs and
clinical laboratory values. It was prespecified that
participants who vomited after study drug intake
were excluded from the primary analysis.

Statistical Analysis
Statistical analyses were performed using SAS

statistical software, version 9.3 or 9.4 (SAS Institute
Inc, Cary, North Carolina). Descriptive statistics with
no formal statistical analysis were used for safety
parameters, general analysis of pharmacokinetic
parameters in all studies, and LSEQ scores and
actigraphy in the pilot study. Variability of
concentrations of FT218 and twice-nightly SO were
compared in terms of SD. Bioequivalence was
4

analyzed using the two 1-sided test procedure on log-
transformed data for Cmax, AUC0et, and AUC0e∞
and was defined as 90% CIs for ratios of geometric
means falling within the 80%e125% range. Dose
proportionality was assessed using the power
model17 with slope estimate and 90% CI for dose-
normalized pharmacokinetic data. Sensitivity analyses
were performed using ANOVA on log-transformed
normalized data.
RESULTS
Demographic Characteristics and Participant
Disposition

Table I gives the demographic characteristics and
disposition of the study participants. The pilot study
included 16 participants (8 men and 8 women), with
a mean (SD) age of 39.5 (11.9) years. There were no
study discontinuations due to AEs.

The dose-proportionality study included
20 individuals (12 men and 8 women), with a mean
(SD) age of 45.5 (12.5) years. All participants
completed the 4.5- and 7.5-g periods of the study,
and 12 of 20 participants (60.0%) completed the 9-g
period. The study was stopped by the sponsor after a
serious AE (SAE) of somnolence in 1 individual
(described below) after 12 participants were given the
9-g dose level without titration. One individual was
withdrawn owing to a positive drug screen.

The relative bioavailability study included
28 individuals (10 men and 18 women), with a mean
(SD) age of 27 (9) years. Overall, 26 of 28
participants completed both study phases per
protocol, and the remaining 2 participants withdrew
prematurely owing to AEs.

The food-effect study included 16 individuals
(10 men and 6 women), with a mean (SD) age of 32
(13) years. A total of 15 of 16 participants completed
the study per protocol. One individual discontinued
participation in the study because of vomiting after
receiving FT218 in the fasted state. Two individuals
were also excluded from the pharmacokinetic
analysis set because of vomiting.

Pharmacokinetic Properties

Pilot Study
Each of the 3 FT218 formulations exhibited an

extended-release profile with tmax at approximately
2 h, followed by a gradual decline in plasma GHB
Volume xxx Number xxx



Table I. Demographic and clinical characteristics of the study participants.

Characteristic Pilot Study (n ¼ 16) Dose-
Proportionality
Study (n ¼ 20)

Relative
Bioavailability
Study (n ¼ 28)

Food-Effect Study
(n ¼ 16)

Sex, No. (%)
Male 8 (50.0) 12 (60.0) 10 (35.7) 10 (62.5)
Female 8 (50.0) 8 (40.0) 18 (64.3) 6 (37.5)

Age, mean (SD), y 39.5 (11.9) 45.5 (12.5) 27 (9) 32 (13)
Race, No. (%)

White 14 (87.5) NR 28 (100) 16 (100)
Black 1 (6.3) NR 0 0
Other 1 (6.3) NR 0 0

Height, mean (SD),
cm

167.8 (8.1) 171.8 (7.0) 177 (7) 179 (9)

Weight, mean (SD), kg 66.5 (11.2) 70.9 (10.5) 73.0 (8.8) 75.4 (9.5)
BMI, mean (SD),
kg/m2

23.5 (2.7) 23.9 (2.1) 23.2 (2.5) 23.5 (2.0)

BMI ¼ body mass index; NR ¼ not reported.
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concentration (Table II and Figure 1). Cmax for the
3 FT218 formulations was lower than the global
Cmax of twice-nightly SO (mean [SE] Cmax was 43 [6]
mg/mL for prototype 1, 46 [5] mg/mL for prototype 2,
30 [4] mg/mL for prototype 3, and 66 [7] mg/mL for
twice-nightly SO). Mean (SE) AUC0e∞ was 189
(28) h*mg/mL for prototype 1, 210 (28) h$mg/mL for
prototype 2, 153 (22) h*mg/mL for prototype 3, and
214 (27) h$mg/mL for twice-nightly SO. C8h values
were numerically lower for the 3 FT218 formulations
(mean [SE] prototype 1, 6.85 [2.1]; prototype 2, 7.40
Table II. Pharmacokinetic properties in the pilot study.

Parameter FT218

Type 1
(n ¼ 12)

Ty
(n

Cmax, mean (SE), mg/mL 43 (6) 46
AUC0e∞, mean (SE), h$mg/mL 189 (28) 210
C8h, mean (SE), mg/mL 6.85 (2.09) 7.40

C8h ¼ plasma concentration 8 h after dosing; SO ¼ sodium oxyb

▪▪▪ xxxx
[1.6]; prototype 3, 8.33 [1.9] mg/mL) relative to
twice-nightly SO (mean [SE], 9.24 [3.2] mg/mL).

Prototype 2 was selected for further optimization
and used in the remainder of the studies because it
exhibited pharmacokinetic characteristics closest to
the desired target profile, with higher Cmax compared
with other prototypes and AUC0e∞ comparable to
that of twice-nightly SO.

For each LSEQ domain and sleep time >8 h, there
appeared to be no clinically meaningful differences
between the FT218 prototypes and twice-nightly SO;
4.5 g

pe 2
¼ 12)

Type 3
(n ¼ 12)

Twice-Nightly SO 4.5 g
(n ¼ 12)

(5) 30 (4) 66 (7)
(28) 153 (22) 214 (27)
(1.63) 8.33 (1.93) 9.24 (3.15)

ate.
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Figure 1. Mean plasma concentrations of g-
hydroxybutyrate (GHB) over time af-
ter twice-nightly sodium oxybate (SO)
or 3 formulations of FT218 in the pi-
lot study. Errors bars indicate SEs.
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however, there was no formal statistical analysis of
these data, and this study was not powered to find
any differences (Supplemental Figure I).
Dose-Proportionality Study
At all 3 doses of FT218, mean pharmacokinetic

properties exhibited similar overall profiles
(Table III and Figure 2). The tmax was reached after
approximately 1.5e2 h followed by a gradual
Table III. Pharmacokinetic properties in the dose-propor

Parameter FT218
4.5 g (n ¼ 2

tmax, median (range), h 1.71 (0.33e4
Cmax, mean (SD), mg/mL [CV] 42.9 (15.8) [3
AUC0e∞, mean (SD), h$mg/mL [CV] 191 (94.7) [5
AUC0e8, mean (SD), h$mg/mL [CV] 174 (96.3) [5
C8h, mean (SD), mg/mL [CV] 4.76 (5.01) [3

C8h ¼ plasma concentration 8 h after dosing.

6

decline in GHB concentration. Mean (SD) Cmax

increased with increasing doses of FT218 (42.9
[15.8] mg/mL at 4.5 g, 72.0 [23.3] mg/mL at 7.5 g,
and 84.5 [28.6] mg/mL at 9 g). Similarly, mean
(SD) AUC0e∞ increased with increasing doses of
FT218 (191 [94.7] h$mg/mL at 4.5 g, 358 [170]
h$mg/mL at 7.5 g, and 443 [202] h$mg/mL at 9 g).
Mean (SD) C8h also increased with increasing doses
of FT218 (4.8 [5.01] mg/mL at 4.5 g, 19.7 [19.9]
mg/mL at 7.5 g, and 25.5 [24.8] mg/mL at 9 g).
Moreover, the variability of the concentrations was
similar.

Using the power method,18 the estimated slope of
Cmax was 1.02 (90% CI, 0.76e1.28), indicating dose
proportionality, and the estimated slope of AUC0e∞
was 1.34 (90% CI, 1.19e1.48), which indicated that
dose-dependent increase in AUC0e∞ was slightly
more than proportional. These results were consistent
with ANOVA sensitivity analyses.
Relative Bioavailability Study
Once-nightly FT218 6 g had equivalent exposure

with a lower overall Cmax than twice-nightly SO at a
total dose of 6 g (Table IV and Figure 3). Mean (SE)
AUC0e∞ of FT218 6 g (273 [27] h$mg/mL) met
bioequivalence criteria compared with AUC0e∞ of
twice-nightly SO 6 g (259 [22] h$mg/mL). Mean (SE)
Cmax of FT218 6 g (64.6 [5] mg/mL) was lower
(below bioequivalence criteria) than overall Cmax of
twice-nightly SO 6 g (70.9 [4] mg/mL). Mean (SE)
AUC0e8 of FT218 6 g (267 [27] h$mg/mL) also met
bioequivalence criteria compared with AUC0e8 of
twice-nightly SO 6 g (248 [18] h$mg/mL). Mean (SE)
tionality study.

0)
FT218

7.5 g (n ¼ 20)
FT218

9 g (n ¼ 11)

) 1.5 (0.33e7) 2 (0.5e4)
7] 72.0 (23.3) [32] 84.5 (28.6) [34]
0] 358 (170) [48] 443 (202) [46]
5] 320 (148) [46] 379 (154) [41]
7] 19.7 (19.9) [101] 25.5 (24.8) [97]
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Figure 2. Mean plasma concentrations of g-
hydroxybutyrate (GHB) over time af-
ter 3 dose levels of FT218 in the dose-
proportionality study. Error bars
indicate SEs.

Table IV. Pharmacokinetic properties in the
relative bioavailability study.

Parameter FT218 6 g
(n ¼ 26)

Twice-Nightly
SO 6 g (First

Dose)
(n ¼ 27)

tmax, median
(range), h

1.50 (0.3e3.5) 0.50 (0.3e2.0)

Cmax, mean (SE),
mg/mL [CV]

64.6 (5) [40] 70.9 (4) [28]

AUC0-e∞, mean
(SE), h$mg/mL
[CV]

273 (27) [51] 259 (22) [44]

AUC0e8, mean
(SE), h$mg/mL
[CV]

267 (27) [51] 248 (18) [39]

C8h, mean (SE),
mg/mL [CV]

6.6 (1) [108] 10.7 (3) [145]

C8h ¼ plasma concentration 8 h after dosing; SO ¼
sodium oxybate.

Figure 3. Mean plasma concentrations of g-
hydroxybutyrate (GHB) over time af-
ter FT218 or twice-nightly sodium
oxybate (SO) in the relative bioequiv-
alence study. Error bars indicate SEs.
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C8h for FT218 6 g (6.6 [1] mg/mL) was lower (below
equivalence criteria) than C8h of twice-nightly SO 6 g
(10.7 [3] mg/mL). Interpatient variability between the
2 treatments was similar for all pharmacokinetic
parameters.

Food-Effect Study
FT218 had lower Cmax in the fed versus the fasted

state, and exposure met bioequivalence criteria
(Table V, Figure 4, and Supplemental Figure 2).
Mean tmax was 1 h longer in the fed versus the
fasted state (1.5 vs 0.5 h). Mean (SE) Cmax in the fed
state (64.0 [5] mg/mL) was lower than in the fasted
state (90.5 [4] mg/mL) and was below the
bioequivalence 80%e125% no-effect boundaries
(mean fed:fasted ratio, 66.7%; 90% CI, 58.2%e

76.5%). Mean (SE) AUC0e∞ in the fasted state (267
[24] h$mg/mL) was slightly higher than in the fed
state (242 [24] h$mg/mL), but the 90% CIs were
within the 80%e125% no-effect boundaries for
bioequivalence (mean fed:fasted ratio, 86.1%; 90%
CI, 80.0%e92.7%).
7



Table V. Pharmacokinetic properties in the food-
effect study.

Parameter FT218 6 g

Fed (n ¼ 14) Fasted (n ¼ 13)

tmax, median
(range), h

1.5 (0.5e2.5) 0.53 (0.33e1)

Cmax, mean
(SE), mg/mL
[CV]

64.0 (5) [27.3] 90.5 (4) [17.5]

AUC0e∞, mean
(SE), h$mg/
mL [CV]

242 (24) [36.5] 267 (24) [32]

AUC0e8, mean
(SE), h$mg/
mL [CV]

239 (23) [35.5] 266 (23) [31.2]

C8h, mean (SE),
mg/mL [CV]

2.09 (1) [150.5] 1.43 (1) [142.7]

C8h ¼ plasma concentration 8 h after dosing.

Figure 4. Mean plasma concentrations of g-
hydroxybutyrate (GHB) over time af-
ter FT218 administration in fasted or
fed participants in the food-effect
study. Error bars indicate SEs.
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Safety and Tolerability

Pilot Study
Four participants reported a total of 5 AEs

(Table VI). All AEs were mild to moderate in
severity, with no SAEs or AEs leading to study
discontinuation. AEs were comparable between the
3 prototypes of FT218 and twice-nightly SO.
Dose-Proportionality Study
Thirteen participants (65%) reported a total of

31 AEs (Table VI). The incidence of AEs increased
with increasing doses. Eight AEs (mainly headache
[n ¼ 5/8]) were experienced by 7 of 20 participants
(35%) during the 4.5-g period, 7 AEs (mainly
gastrointestinal disorders [n ¼ 4/7]) were experienced
by 4 of 20 participants (20%) during the 7.5-g
period; and 16 AEs (mainly gastrointestinal disorders
[n ¼ 8/16]) were experienced by 6 of 12 participants
(50%) during the 9-g period. One of these, a nervous
system disorder (sedation), was an SAE. This SAE
was most likely a result of treatment at 9 g without
subsequent continuous titration through the lower
doses of FT218; however, even without titration, AEs
at the 9-g dose only occurred in 50% of participants
8

and were mainly mild to moderate in severity. All
AEs were resolved before the end of the study.
Relative Bioequivalence Study
The incidence and types of AEs were similar

between the FT218 and twice-nightly SO groups, and
most were known SO-related AEs (Table VI). The
most common AE during both treatments was
somnolence, and all AEs were mild or moderate in
severity. There were no SAEs during the study. Two
participants withdrew from the study after
experiencing AEs, including 1 event of nausea after
FT218 treatment and 1 event of flulike symptoms
after twice-nightly SO treatment.
Food-Effect Study
The frequency of AEs was higher in the fasted versus

the fed state (58 AEs in all 16 participants [100%, with
54 potentially related to study treatment] in the fasted
state and 32 AEs in 13 participants [86.7%,
31 potentially related to study treatment] in the fed
state) (Table VI). This finding was primarily driven
by an increase in gastrointestinal disorders (37.5% in
the fasted state vs 13.3% in the fed state; most
commonly nausea and vomiting) and nervous system
Volume xxx Number xxx



Table VI. Number (percentage) of participants experiencing �1 AE.

AE Pilot Study Dose-Proportionality
Study

Relative Bioavailability
Study

Food-Effect Study

FT218
Type 1
4.5 g

(n ¼ 15)

FT218
Type 2
4.5 g

(n ¼ 14)

FT218
Type 3
4.5 g

(n ¼ 15)

Twice-Nightly SO
4.5 g (n ¼ 15)

FT218
4.5 g

(n ¼ 20)

FT218
7.5 g

(n ¼ 20)

FT218
9 g

(n ¼ 12)

FT218
6 g

(n ¼ 27)

Twice-Nightly SO
6 g (n ¼ 27)

Fasted
State
6 g

(n ¼ 16)

Fed State
6 g

(n ¼ 15)

Somnolence/
sedation

0 0 2 (16.7) 9 (33.3) 6 (22.2) 13 (81.3) 10 (66.7)

Dizziness 1 (3.7) 4 (14.8) 7 (43.8) 3 (20.0)
Headache 0 0 0 1 (6.7) 4 (20.0) 1 (5.0) 2 (16.7) 1 (3.7) 3 (11.1) 4 (25.0) 2 (13.3)
Feeling drunk 0 0 1 (5.0) 1 (8.3) 3 (11.1) 2 (7.4) 4 (25.0) 4 (26.7)
Nausea 0 0 0 1 (6.7) 0 1 (5.0) 2 (16.7) 3 (11.1) 2 (7.4) 6 (37.5) 1 (6.7)
Vomiting 0 1 (5.0) 3 (25.0) 3 (18.8) 1 (6.7)
Abdominal
discomfort

0 1 (5.0) 0

Abdominal
pain

1 (5.0) 0 0

Diarrhea 0 1 (5.0) 2 (16.7)
Gastroenteritis 0 0 1 (6.7) 0 1 (5.0) 0 0
Fatigue 3 (18.8) 1 (6.7)
Rhinitis 0 3 (11.1)
Pharyngitis 1 (6.7) 0 0 0 1 (5.0) 0 0
Flulike
syndrome

1 (6.7) 0 0 0

Hyperhidrosis 0 0 1 (8.3) 1 (3.7) 3 (11.1)

AE ¼ adverse event; SO ¼ sodium oxybate.

D
.
Seiden

et
al.

▪
▪
▪
xxxx
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disorders (all participants in the fasted state vs 80.0%
in the fed state; most commonly somnolence and
dizziness). All events were mild or moderate in
severity, and no SAEs were reported.

DISCUSSION
Disturbed nocturnal sleep is a prominent feature of
narcolepsy.1e3 Although SO is an effective treatment
for narcolepsy symptoms of cataplexy and excessive
daytime sleepiness, it does not fully address disrupted
nocturnal sleep through sleep consolidation because
current formulations of SO have a short t½ and
require twice-nightly dosing.10,19,20 Patients must
wake in the middle of the night to take the second
dose 4 h after going to sleep.10 Therefore, a once-
nightly formulation of SO with similar efficacy and
tolerability to current twice-nightly formulations of
SO could fulfill an unmet need in the treatment of
narcolepsy.

FT218 is an investigational modified-release
formulation of SO. It represents a potential once-
nightly SO formulation for the treatment of
narcolepsy. In all Phase I studies, FT218 had a
uniform pharmacokinetic profile that supported once-
nightly dosing with adequate Cmax, short tmax,
plasma GHB concentration maintained throughout
the night, and gradual decline to lowest levels by
8e10 h after dosing (ie, the time when most patients
wake up in the morning). Moreover, FT218 was well
tolerated at all doses and had a favorable safety
profile. Most AEs were mild or moderate in severity
at all doses (4.5e9 g), even without titration before
receiving the highest dose. AE reporting by
participants receiving FT218 was consistent with the
known AEs of SO, the most common being
somnolence, dizziness, and nausea.10,13,18,21,22

In the pilot study, although all 3 prototypes had
similar pharmacokinetic attributes, prototype 2 was
selected for subsequent studies (including a recently
completed Phase III efficacy and safety study
[NCT02720744]) because it had pharmacokinetic
properties closest to current twice-nightly SO
formulations. In addition to supporting once-daily
dosing, FT218 had dose proportionality for Cmax and
only slightly more than dose proportionality for
exposure as measured by AUC. GHB plasma
concentrations were greater in the fasted versus fed
state for Cmax and only slightly greater for overall
exposure (AUC).
10
In direct comparison to twice-nightly SO, FT218
had bioequivalent exposure at the 4.5- and 6-g
doses. Cmax for FT218 was lower than that for
twice-nightly SO, as were GHB C8h concentrations.
Indirect comparison to twice-nightly SO from the
published literature suggests that FT218 may have a
more predictable pharmacokinetic profile with
ascending doses (dose-proportional increase in Cmax

and slightly more than dose-proportional increase in
AUC0e∞ [an approximate 2.3-fold increase in
plasma GHB concentration with a 2-fold dose
increase]). Twice-nightly SO treatment produces a
3.7-fold increase in plasma GHB concentration with
a 2-fold dose increase,10,23,24 indicating nonlinear
clearance and necessitating weight-based dosing in
pediatric populations.23 Moreover, the
pharmacokinetic profile of FT218 suggests that food
may have less of an effect on GHB concentrations,
particularly overall exposure, than twice-nightly SO.
In a study of healthy volunteers treated with twice-
nightly SO, significant differences were observed for
tmax, Cmax, and AUC0e∞, with Cmax values >2-fold
higher in the fasted versus fed states.21 In the
present studies, this difference was reflected by
second-dose tmax and Cmax (relatively fasted state at
6 h after eating) being higher than first-dose tmax

and Cmax (relatively fed state at 2 h after eating)
with twice-nightly SO. The increase in Cmax

observed with the second dose of twice-nightly SO
(ie, the relatively fasted state) and associated AEs
could potentially lead some patients to eat during
the night before taking their second dose to avoid
AEs associated with high Cmax further disrupting
nocturnal sleep.

The results suggest that the pharmacokinetic profile
of FT218 supports once-nightly dosing, which
eliminates the risks associated with having to wake
up in the middle of the night to take the second dose.
FT218 may also offer other clinical benefits over
twice-nightly SO in patients with narcolepsy.

Once-nightly dosing in itself should have a positive
effect on disrupted nocturnal sleep, allowing a full
8 h of consolidated nocturnal sleep. Although LSEQ
scores in the pilot study suggest improvement in all
participant-reported sleep domains, no conclusions
can be drawn from these results owing to the
intensive blood sampling schedule in the protocol,
and clinical confirmation is needed from Phase III
studies.
Volume xxx Number xxx



D. Seiden et al.

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 139 of 254 PageID #: 11414
A temporal relationship has been observed between
incidence of AEs and Cmax with twice-nightly SO. Data
from a new mixed-salts formulation of twice-nightly
SO indicated a positive relationship between
incidence of nausea and vomiting with higher Cmax.

25

The single Cmax with FT218 that is lower than those
of twice-nightly SO may translate into fewer Cmax-
associated AEs, an outcome that requires
confirmation in Phase III studies.

It could be postulated that a modified-release
formulation of SO would have higher morning
concentrations of GHB than a shorter-acting, twice-
nightly formulation and might therefore be associated
with more morning somnolence. However, the
current studies indicate that 8-hour GHB levels with
FT218 are slightly lower than with twice-nightly SO,
and in the pilot study, there was no observable
difference between FT218 and twice-nightly SO in
the “awake following sleep” domain of the LSEQ.

FT218 produced dose proportionality in the GHB
concentration. This predictable dosing profile may
avoid the weight-based dosing currently needed in
children and adolescents treated with twice-nightly SO.

Finally, pharmacokinetic parameters of FT218 were
affected to a lesser extent in relation to food intake
compared with those of twice-nightly SO. Thus,
variability of efficacy with FT218 when administered
with food may not be a clinical concern.

In summary, the pharmacokinetic profile of FT218
supports once-nightly dosing and addresses the
important issue of sleep consolidation in patients
with narcolepsy by avoiding the need for middle-of-
the-night dosing.
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APPENDIX
Supplemental Figure 1. Exploratory pharmacodynamic evaluations in the pilot study: (A) Leeds Sleep Evalua-
tion Questionnaire (LSEQ) and (B) actigraphy results.
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Supplemental Figure 2. Bioequivalence data of
fed versus fasted states
in the food-effect study.
Cmax, 90% CIs below
80%e125% bioequiva-
lence boundaries;
AUC0-inf, 90% CIs
within 80%e125% bio-
equivalence bound-
aries. AUC0-inf, AUC
from time 0 extrapo-
lated to infinity; AUC0-

last, AUC from time 0 to
last measurable con-
centration; Cmax,
maximum
concentration.
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MODIFIED RELEASE before bed , and a second time approximately 2 . 5 to 4 hours 
GAMMA - HYDROXYBUTYRATE later , in equal doses . Sleep - onset can be dramatic and fast , 

FORMULATIONS HAVING IMPROVED and patients are advised to be sitting in bed when consuming 
PHARMACOKINETICS the dose . The most commonly reported side effects are 

5 confusion , depressive syndrome , incontinence and sleep 
PRIOR APPLICATIONS walking . 

When initiating treatment with sodium oxybate , careful 
This application claims priority to United States Provi titration up to an adequate level is essential both to obtain 

sional Patent Application Nos . 62 / 365 , 812 ( filed Jul . 22 , positive results and avoid adverse effects . The recommended 
2016 ) , 62 / 399 , 413 ( filed Sep . 25 , 2016 ) , and 62 / 474 , 330 " starting dose is 4 . 5 g divided into 2 equal doses of 2 . 25 g , 
( filed Mar . 21 , 2017 ) . The content of the foregoing applica - the first taken at bedtime and the second taken 2 . 5 to 4 hours 
tions is hereby incorporated by reference and made a part later . The starting dosage can be decreased to 3 . 0 g / day or 
hereof as if fully contained herein . increased to as high as 9 . 0 g / day in increments of 1 . 5 g / day 

15 ( 0 . 75 g per dose ) . Two weeks are recommended between 
FIELD OF THE INVENTION dosage adjustments to optimize reduction of daytime symp 

toms and minimize side effects . The ideal dose will provide The present invention relates to modified release formu an effective eight hours of sleep but , at the end of eight lations of gamma - hydroxybutyrate having improved phar hours , very little of the drug will remain in the patient ' s macokinetic ( PK ) properties , and to therapeutic uses thereof . 20 bloodstream to affect the patient ' s wakefulness . 
BACKGROUND The requirement to take Xyrem® twice each night is a 

substantial inconvenience to narcolepsy patients . The patient 
Narcolepsy is a devastating disabling condition . The must typically set an alarm to take the second dose , which 

cardinal symptoms are excessive daytime sleepiness ( EDS ) , can interrupt ongoing productive sleep . Several efforts have 
cataplexy ( a sudden loss of muscle tone triggered by strong 25 been made to provide a once - nightly modified release dos 
emotions , seen in approximately 60 % of patients ) , hyp - age form of sodium oxybate , but none has yet received 
nogogic hallucination ( HH ) , sleep paralysis ( SP ) , and dis approval from the United States Food and Drug Adminis 
turbed nocturnal sleep ( DNS ) . Other than EDS , DNS is the tration ( “ FDA ” ) or proven effective in the clinic . 
most common symptom seen among narcolepsy patients . One of the biggest drawbacks of these once - nightly 

The diagnosis of narcolepsy rests in part on clinical 30 formulations is the reduction in bioavailability that occurs 
grounds . When narcolepsy is suspected , it is standard prac when sodium oxybate is formulated in a modified release 
tice to administer an overnight polysomnogram ( PSG ) fol dosage form , as measured by the blood concentration / time 
lowed by a multiple sleep latency test ( MSLT ) to document area under the curve ( " AUC ” ) . U . S . 2012 / 0076865 A1 by 
the rapid eye movement ( REM ) abnormality that character Allphin et al . ( “ Allphin ” ) , for example , conducted two 
izes the disorder . On the MSLT a mean sleep latency less 35 separate crossover bioavailability trials involving three 
than or equal to 8 minutes and two or more sleep onset REM separate modified release formulations and an immediate 
periods ( SOREMPs ) are required to confirm a diagnosis of release solution , and reported the following bioavailability 
Type 1 or Type 2 narcolepsy . It is also possible , but infre - results : 
quently preferred , that narcolepsy be diagnosed by measur 
ing hypocretin in the cerebrospinal fluid ( CSF ) in cases 40 
where the PSG and / or MSLT is not completed . For these Summary of PK Parameterse for Treatments A , B , C 

cases , a hypocretin concentration of less than 110 pg / nL 
AUClast AUCinf confirms a narcolepsy Type 1 diagnosis . a _ z Tuz Tmax Cmax ( hr * ( hr * One of the major treatments for narcolepsy is sodium ( 1 / hr ) ( hr ) ( hr ) ( ug / ml ) ug / ml ) ug / ml ) 

oxybate , a neuroactive agent with a variety of Central 45 
Treatment A Nervous System ( CNS ) pharmacological properties . The 

species is present endogenously in many tissues , where it 29 29 29 29 
acts as a neurotransmitter on a gamma - hydroxybutyrate Mean 1 . 22 0 . 6 4 . 50 130 . 79 350 . 84 351 . 2 
( GHB ) receptor ( GHBR ) , and possesses neuromodulatory SD 0 . 27 0 . 13 ( 0 . 5 , 4 . 75 ) 31 . 52 116 . 74 116 . 74 

CV % 21 . 93 22 . 61 24 . 1 33 . 27 properties with significant effects on dopamine and gamma - 50 33 . 24 
Mean 1 . 19 0 . 58 333 . 33 333 . 72 Aminobutyric Acid ( GABA ) . Studies have suggested that Treatment B 

sodium oxybate improves Rapid Eye Movement Sleep 
( REM sleep , REMS ) of narcoleptics in contrast to antide 18 18 19 19 

Mean 0 . 62 1 . 222 . 00 41 . 78 188 . 23 196 . 25 pressant drugs . 
0 . 16 0 . 40 ( 1 . 50 , 5 . 00 ) 18 . 40 103 . 60 102 . 50 Sodium oxybate is also known as sodium 4 - hydroxybu - 55 CV % 26 . 44 44 . 03 55 . 04 52 . 23 

tanoate , or gamma - hydroxybutyric acid sodium salt , and has 0 . 59 38 . 46 163 . 80 173 . 33 
the following chemical structure : Treatment C 

N 29 29 

127 . 3 

N 1918 

55 SD 
32 . 58 

1 . 17 Mean 

19 
2 . 50 

( 1 . 00 , 5 . 00 ) 
60 O Na + 

1919 
0 . 74 099 0 . 99 
0 . 16 0 . 23 

22 . 25 22 . 93 
0 . 72 0 . 96 

Mean 
SD 
CV % 
Mean 

19 
50 . 49 
15 . 83 
31 . 35 
48 . 10 

19 
221 . 64 
106 . 85 
48 . 21 
200 . 08 

19 
222 . 60 
106 . 80 
47 . 98 
201 . 12 

HO 

Treatment A 

N 
Sodium oxybate is marketed commercially in the United 65 Mean 

States as Xyrem® . The product is formulated as an imme 
diate release liquid solution that is taken once immediately 

30 
1 . 08 
0 . 31 

30 
0 . 71 
0 . 27 

30 
4 . 50 

( 0 . 50 , 5 . 50 ) 

30 
114 . 59 
27 . 91 

30 
301 . 28 
100 . 85 

30 
301 . 59 
100 . 87 SD 
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- continued - continued 
Summary of PK Parameterse for Treatments A . ) Mean GHB Concentrations ( ug / mL ) 

1 / 2 

tino 
30 30 30 30 

4 . 2 5 . 2 

AUClast AUCinfs Period 
R _ Z T1 / 2 Tmax Cmax ( hr * ( hr * 
( 1 / hr ) ( hr ) ( hr ) ( ug / ml ) ug / ml ) ug / ml ) 1 3 4 

Time Point ( Hr ) DR1 - w / Acid DR1 - No Acid IR DR2 
CV % 29 . 00 37 . 90 24 . 36 33 . 47 33 . 45 
Mean 1 . 03 0 . 67 111 . 20 285 . 47 285 . 79 35 . 14 38 . 26 47 . 21 100 . 57 

Treatment D 29 . 18 34 . 77 8 . 74 54 . 99 
10 21 . 09 27 . 83 0 . 00 23 . 42 

N 30 30 11 . 25 9 . 13 0 . 00 7 . 52 
Mean 0 . 46 1 . 63 0 . 75 25 . 10 64 . 44 65 . 58 8 . 67 2 . 53 0 . 00 0 . 34 
SD 0 . 14 0 . 47 ( 0 . 50 , 2 . 50 ) 7 . 33 20 . 36 20 . 26 1 . 43 3 . 03 0 . 00 0 . 00 
CV % 30 . 27 29 . 00 29 . 20 31 . 60 30 . 90 12 0 . 98 0 . 67 0 . 00 0 . 00 
Mean 0 . 44 1 . 56 24 . 10 61 . 31 62 . 55 14 0 . 43 0 . 00 0 . 00 0 . 00 

Treatment E 15 Tmax ( Hr ) 1 . 2 3 . 7 
Cmax ( ug / mL ) 38 . 77 58 . 44 249 . 5 112 . 7 

N 30 30 30 303030 | AUClast 134 . 3 162 . 6 601 . 0 318 . 4 
Mean 0 . 59 1 . 36 1 . 00 59 . 52 242 . 30 243 . 80 Rel BA 22 % 27 % 100 % 53 % 
SD 0 . 20 0 . 64 ( 0 . 50 , 5 . 00 ) 17 . 72 117 . 15 116 . 79 
CV % 34 . 57 46 . 91 29 . 77 48 . 35 47 . 91 DR1 - w / Acid : Two 1 g DR capsules administered at time zero 
Mean 0 . 55 1 . 25 56 . 89 216 . 33 218 . 12 20 DR1 - No Acid : Two 1 g DR capsules administered at time zero 

R : Two 1 g R capsules administered at time zero 
Treatment A : Two 3 g IR doses administered four hours apart DR2 : Two 1 g DR capsules administered at time zero 
Treatment B : One 6 g CR dose administered at time zero ( no IR component ) 
Treatment C : One 6 g CR dose administered at time zero ( no IR component ) As can be seen , by encapsulating the sodium oxybate in 
Treatment D : One 4 g dose including IR and CR fractions administered at time zero an enteric / delayed release coating , Liang decreased the AUC Treatment E : One 8 g dose including IR and CR fractions administered at time zero 25 of the sodium oxybate significantly . One of the formulations , 
As can be seen , mean AUCint , which measures the total DR1 - w / Acid , had a relative bioavailability of only 22 % 

exposure of the body to sodium oxybate for a given dose , compared to the immediate release dosage form . DR2 had 
was significantly less for the doses having a modified release the greatest relative bioavailability , but still only 53 % com 
component when compared to the immediate release doses . pared to the immediate release dosage form . One can easily 
Mean AUC . . . for Treatment B . which included the exact 30 calculate that any of the envisioned combinations of imme 
same dose of sodium oxybate as Treatment A , was only 56 % diate release ( IR ) components and delayed release ( DR ) 

components as described in col . 5 lines 3 to 28 of U . S . Pat . of the mean AUCin for Treatment A ; mean AUCing for No . 8 , 193 , 211 will not give a relative bioavailability greater Treatment C , which also included the same dose of sodium than 78 % . oxybate as Treatment A , was only 63 % of the mean AUCint All of these formulations are inconvenient for at least two for Treatment A ; mean AUCing for Treatment E was only 
81 % of the mean AUC ; nt of Treatment A , even though reasons : ( 1 ) the low relative bioavailability necessitates an 

increase in the dose compared to current IR treatments Treatment E dosed 2 g more of sodium oxybate than 
Treatment A , which , compared to same dose , represented which already require a large dose ( 4 . 5 to 9 g a day ) , and ( 2 ) 

only 61 % of the mean AUCint of Treatment A . Mean AUCint when provided in the form of pills , a patient must swallow 
for Treatment D was only 22 % of the mean AUCinf of 4 40 around 4 to 9 pills per dose , which is a serious inconvenience 
Treatment A , although Treatment D dosed 2 g less of sodium for the patient and potential drawback for patient compli 

ance . oxybate than Treatment A , which , compared to same dose , Various other techniques are known for formulating modi represented only 33 % of the mean AUCink of Treatment A . fied release dosage forms including , for example , the tech As shown in FIGS . 12 and 14 of U . S . 2012 / 0076865 A1 , 
Allphin ' s formulations also suffered from an excess of 43 f 45 niques described in U . S . Pat . No . 8 , 101 , 209 to Legrand et al . 
sodium oxybate remaining in the bloodstream at 8 hours . ( “ Legrand ” ) . Legrand provides a system ensuring that the 

U . S . Pat . No . 8 , 193 , 211 to Liang et al . ( “ Liang " ) reports active ingredient is released with certainty from the modified 
even lower bioavailability from his once - nightly formula release dosage form by means of a dual mechanism of 
tions . Liang developed several enterically coated delayed " time - dependent ” and “ pH - dependent ” release . Legrand did 
release formulations of sodium oxvbate , and tested these 50 not describe any dosage forms for delivering sodium oxy 
formulations in dogs alongside an immediate release for bate or other forms of gamma - hydroxybutyrate . 
mulation to compare the relative pharmacokinetics ( PK ) of Another drawback of Xyrem® is the high level of the 
these formulations . The results of Liang ' s testing are daily dose , generally 7 . 5 g or 9 g of sodium oxybate taken 
reported below : daily over long periods of time . This represents a very high 

sodium intake which is not recommended in persons with 
high blood pressure , risk of cardiovascular disease , stroke or 

Mean GHB Concentrations ( ug / mL ) coronary heart disease ( See WHO . Guideline : Sodium 
intake for adults and children . Geneva , World Health Orga 

Period nization ( WHO ) , 2012 . ) . 
60 Accordingly , one object of the present invention is to 

provide modified release formulations of gamma - hydroxy Time Point DR1 - w / Acid DR1 - No Acid DR2 
butyrate that are administered only once at bed - time with 

0 . 00 0 . 00 0 . 00 0 . 00 improved dissolution and pharmacokinetic profiles . 
0 . 00 0 . 00 116 . 04 0 . 00 Another object of the present invention is to provide 0 . 00 4 . 76 248 . 27 1 . 53 
4 . 99 11 . 62 19551 32 . 52 65 modified release formulations of gamma - hydroxybutyrate 

26 . 31 31 . 88 117 . 56 100 . 99 that optimize the bioavailability of the gamma - hydroxybu 
tyrate , and roughly approximate the bioavailability of an 

2 . 
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equal dose of an immediate release liquid solution of sodium availability of an equipotent immediate release liquid solu 
oxybate administered twice nightly . tion of sodium oxybate administered twice nightly . This can 

Still another object of the present invention is to provide be seen by comparing the formulations of Examples 1 and 
once - nightly modified release formulations of gamma - hy - 4 , which satisfy the dissolution requirements of the present 
droxybutyrate that roughly approximate or exceed the bio - 5 invention and achieve the necessary bioavailability for a 
availability of an equal dose of an immediate release solu commercial formulation , with the Comparative formulation 
tion of sodium oxybate administered twice nightly , across of Example 7 , which exhibited a dissolution profile similar 
the entire therapeutic range of sodium oxybate doses . to prior art dissolution profiles , and did not achieve the Yet another object of the present invention is to provide necessary bioavailability for a commercial formulation . modified release formulations of gamma - hydroxybutyrate 10 This phenomenon is observed especially with higher which , 8 hours after administration , produce very little doses of gamma - hydroxybutyrate . For example , the inven 
residual drug content in the bloodstream of most patients but tors have discovered that a modified release composition of still similar to the one observed after administration of an gamma - hydroxybutyrate according to the invention admin equal dose of an immediate release liquid solution of sodium 

15 istered once approximately two hours after a standardized oxybate administered twice nightly . 
evening meal at the dose equivalent to 7 . 5 g of sodium Yet another object of the present invention is to improve 

the therapeutic effectiveness and safety profile of gamma oxybate results in a similar pharmacokinetic profile as an 
hydroxybutyrate based on novel dissolution and pharma immediate release liquid solution of sodium oxybate given 
cokinetic profiles . in two separate equal doses of 4 . 5 g of sodium oxybate each 

Yet another object of the present invention is to provide 20 administered at to and tth . 
modified release formulations of gamma - hydroxybutyrate The modified release formulations of gamma - hydroxybu 
that yield a similar pharmacokinetic profile compared to an tyrate preferably have both immediate release and modified 
immediate release liquid solution of sodium oxybate admin release portions . The release of gamma - hydroxybutyrate 
istered twice nightly while potentially giving a reduced from the immediate release portion is practically uninhib 
dose . 25 ited , and occurs almost immediately in 0 . 1N hydrochloric 

Yet another object of the present invention is to provide acid dissolution medium . In contrast , while the modified 
modified release formulations of gamma - hydroxybutyrate release portion also preferably releases its gamma - hydroxy 
that allow once daily administration and reduced dose butyrate almost immediately when fully triggered , the 
compared to the commercial treatment Xyrem . release is not triggered until a predetermined lag - time or the 

Yet another object of the present invention is to provide a 30 drug is subjected to a suitable dissolution medium such as a 
convenient dosage form of gamma - hydroxybutyrate that can phosphate buffer pH 6 . 8 dissolution medium . Without wish 
be easily swallowed . ing to be bound by any theory , it is believed that this rapid 

Yet another object of the present invention is to provide release in two dissolution media compresses the blood 
modified release formulations of gamma - hydroxybutyrate concentration vs . time curve in vivo , resulting in a relative 
that are administered only once at bed - time with improved 35 bioavailability of gamma - hydroxybutyrate comparable to or 
dissolution and pharmacokinetic profiles and reduced greater than an equipotent dose of an immediate - release 
sodium content compared to an immediate release liquid liquid solution of sodium oxybate administered twice 
solution of sodium oxybate administered twice nightly . nightly . 

Formulations that achieve this improved bioavailability 
SUMMARY OF INVENTION 40 can be described using several different pharmacokinetic 

and in vitro dissolution parameters . In a first principal 
As the prior art demonstrates , it is extremely difficult to embodiment , the invention provides a modified release 

find a modified release formulation of gamma - hydroxybu - formulation of gamma - hydroxybutyrate , preferably com 
tyrate which , when administered only once nightly , has a prising immediate release and modified release portions , 
comparable bioavailability to an immediate release liquid 45 wherein a 7 . 5 g dose of the formulation has been shown to 
solution of sodium oxybate administered twice nightly . Even achieve a mean AUCinf of greater than 340 hrxmicrogram / 
if such a formulation could be found , it probably still would mL . 
not be satisfactory because the dose of gamma - hydroxybu - In a second principal embodiment , the invention provides 
tyrate differs among individuals , and the size of the dose a modified release formulation of gamma - hydroxybutyrate , 
affects the amount of drug absorbed through the GI tract . 50 preferably comprising immediate release and modified 
I . e . , even if the prior art formulations achieved comparable release portions , wherein a 7 . 5 g dose of the formulation has 
bioavailability at one dose — which they do not — they would been shown to achieve a mean AUCinf of greater than 340 
not be comparable at other doses . hrxmicrogram / mL , and a mean Cgn that is from 50 % to 

The inventors have discovered a novel relationship 130 % of the mean Con provided by an equal dose of an 
between the in vitro release profile of gamma - hydroxybu - 55 immediate release liquid solution of sodium oxybate admin 
tyrate modified release formulations and in vivo absorption istered at t , and tan in equally divided doses approximately 
which permits , for the first time , a modified release formu - two hours after a standardized evening meal . 
lation of gamma - hydroxybutyrate that approximates the In a third principal embodiment , the invention provides a 
bioavailability of a twice - nightly equipotent immediate modified release formulation of gamma - hydroxybutyrate , 
release liquid solution of sodium oxybate , and that does so 60 preferably comprising immediate release and modified 
across a range of therapeutic doses . In particular , the inven - release portions , wherein the formulation releases ( a ) at least 
tors have discovered that a modified release formulation of 80 % of its gamma - hydroxybutyrate at 3 hours when tested 
gamma - hydroxybutyrate that rapidly releases half of its in a dissolution apparatus 2 according to USP 38 < 711 > in 
gamma - hydroxybutyrate in 0 . 1N hydrochloric acid dissolu - 900 mL of 0 . 05M monobasic potassium phosphate buffer pH 
tion medium , and rapidly releases the other half of its 65 6 . 8 at a temperature of 37° C . and a paddle speed of 75 rpm , 
gamma - hydroxybutyrate in phosphate buffer pH 6 . 8 disso - and ( b ) from 10 % to 65 % , of its gamma - hydroxybutyrate at 
lution medium , approximates or exceeds the in vivo bio one hour and three hours when tested in a dissolution 
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apparatus 2 according to USP 38 < 711 > in 900 mL of 0 . 11 950 mL 0 . 05M monobasic potassium phosphate buffer 
hydrochloric acid at a temperature of 37° C . and a paddle adjusted to pH 6 . 8 at a temperature of 37° C . and a paddle 
speed of 75 rpm . speed of 75 rpm . 

In a fourth principal embodiment , the invention provides In a seventh principal embodiment , the invention provides 
a modified release formulation of gamma - hydroxybutyrate , 5 a modified release formulation of gamma - hydroxybutyrate 
comprising immediate release and modified release portions , comprising immediate release and modified release portions , 
wherein ( a ) the formulation releases at least 80 % of its wherein : ( a ) said immediate release portion releases greater 
gamma - hydroxybutyrate at 3 hours , when tested in a disso - than 80 % of its gamma - hydroxybutyrate at one hour when 
lution apparatus 2 according to USP 38 < 711 > in 900 mL of tested in a dissolution apparatus 2 according to USP 38 
0 . 05M monobasic potassium phosphate buffer pH 6 . 8 at a 10 < 711 > in 900 mL of 0 . 1N hydrochloric acid at a temperature 
temperature of 37° C . and a paddle speed of 75 rpm , ( b ) the of 37° C . and a paddle speed of 75 rpm ; ( b ) said modified 
formulation releases from 10 % to 65 % , of its gamma - release portion releases less than 20 % of its gamma - hy 
hydroxybutyrate at one hour and three hours when tested in droxybutyrate at one hour when tested in a dissolution 
a dissolution apparatus 2 according to USP 38 < 711 > in 900 apparatus 2 according to USP 38 < 711 > in 900 mL of 0 . 1N 
mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and 15 hydrochloric acid at a temperature of 37° C . and a paddle 
a paddle speed of 75 rpm , and ( c ) the modified release speed of 75 rpm ; and ( c ) said modified release portion 
portion releases greater than 80 % of its gamma - hydroxybu - releases greater than 80 % of its gamma - hydroxybutyrate at 
tyrate at 3 hours in a dissolution test started in 750 mL of three hours when tested in a dissolution apparatus 2 accord 
0 . 1N hydrochloric acid for 2 hours then switched to 950 mL ing to USP 38 < 711 > in 900 mL of 0 . 05M monobasic 
0 . 05M monobasic potassium phosphate buffer adjusted to 20 potassium phosphate buffer pH 6 . 8 at a temperature of 37° 
pH 6 . 8 at a temperature of 37° C . and a paddle speed of 75 C . and a paddle speed of 75 rpm . 
rpm . In an eighth principal embodiment , the invention provides 

In a fifth principal embodiment , the invention provides a a modified release formulation of gamma - hydroxybutyrate 
modified release formulation of gamma - hydroxybutyrate , comprising immediate release and modified release portions , 
comprising immediate release and modified release portions , 25 wherein : ( a ) said immediate release portion releases greater 
wherein ( a ) the formulation releases at least 80 % of its than 80 % of its gamma - hydroxybutyrate at one hour when 
gamma - hydroxybutyrate at 3 hours , when tested in a disso - tested in a dissolution apparatus 2 according to USP 38 
lution apparatus 2 according to USP 38 < 711 > in 900 mL of < 711 > in 900 mL of 0 . 1N hydrochloric acid at a temperature 
0 . 05M monobasic potassium phosphate buffer pH 6 . 8 at a of 37° C . and a paddle speed of 75 rpm ; ( b ) said modified 
temperature of 37° C . and a paddle speed of 75 rpm , ( b ) the 30 release portion releases less than 20 % of its gamma - hy 
formulation releases 10 % to 65 % , of its gamma - hydroxy - droxybutyrate at one hour when tested in a dissolution 
butyrate at one hour and at three hours when tested in a apparatus 2 according to USP 38 < 711 > in 900 mL of 0 . 1N 
dissolution apparatus 2 according to USP 38 < 711 > in 900 hydrochloric acid at a temperature of 37° C . and a paddle 
mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and speed of 75 rpm ; ( c ) said modified release portion releases 
a paddle speed of 75 rpm , ( c ) the formulation releases 35 greater than 80 % of its gamma - hydroxybutyrate at three 
greater than 60 % of its gamma - hydroxybutyrate at 10 hours hours when tested in a dissolution apparatus 2 according to 
when tested in a dissolution apparatus 2 according to USP 38 USP 38 < 711 > in 900 mL of 0 . 05M monobasic potassium 
< 711 > in 900 mL of 0 . 1N hydrochloric acid at a temperature phosphate buffer pH 6 . 8 at a temperature of 37° C . and a 
of 37° C . and a paddle speed of 75 rpm , and ( d ) the modified paddle speed of 75 rpm ; and ( d ) said modified release 
release portion releases greater than 80 % of its gamma - 40 portion releases greater than 80 % of its gamma - hydroxybu 
hydroxybutyrate at 3 hours in a dissolution test started in 750 tyrate at 3 hours in a dissolution test started in 750 mL of 
mL of 0 . 1N hydrochloric acid for 2 hours then switched to 0 . 1N hydrochloric acid for 2 hours then switched to 950 mL 
950 mL 0 . 05M monobasic potassium phosphate buffer 0 . 05M monobasic potassium phosphate buffer adjusted to 
adjusted to pH 6 . 8 at a temperature of 37° C . and a paddle pH 6 . 8 at a temperature of 37° C . and a paddle speed of 75 
speed of 75 rpm . 45 rpm . 

In a sixth principal embodiment , the invention provides a In a ninth principal embodiment , the invention provides a 
modified release formulation of gamma - hydroxybutyrate , modified release formulation of gamma - hydroxybutyrate , 
comprising immediate release and modified release portions , preferably comprising immediate release and modified 
wherein ( a ) a 7 . 5 g dose of the formulation has been shown release portions , wherein 4 . 5 g , 6 g , 7 . 5 g , and 9 g doses of 
to achieve a mean AUC ; wfof greater than 340 hrxmicrogram / 50 the formulation have been shown to achieve a relative 
mL , and a mean Con that is from 50 % to 130 % , of the mean bioavailability ( RBA ) of greater than 80 % when compared 
Con provided by an equal dose of an immediate release liquid to an equal dose of an immediate release liquid solution of 
solution of sodium oxybate administered at to and tan in sodium oxybate administered at to and tan in equally divided 
equally divided doses approximately two hours after a doses , when administered approximately two hours after a 
standardized evening meal , and ( b ) the formulation releases 55 standardized evening meal . 
( i ) at least 80 % or 90 % of its gamma - hydroxybutyrate at 3 In a tenth principal embodiment , the invention provides a 
hours when tested in a dissolution apparatus 2 according to modified release formulation of gamma - hydroxybutyrate , 
USP 38 < 711 > in 900 mL of 0 . 05M monobasic potassium preferably comprising immediate release and modified 
phosphate buffer pH 6 . 8 at a temperature of 37° C . and a release portions , wherein 4 . 5 g and 9 g doses of the formu 
paddle speed of 75 rpm , and ( ii ) from 10 % to 65 % , of its 60 lation have been shown to achieve a relative bioavailability 
gamma - hydroxybutyrate at one hour and three hours when ( RBA ) of greater than 80 % when compared to an equal dose 
tested in a dissolution apparatus 2 according to USP 38 of an immediate release liquid solution of sodium oxybate 
< 711 > in 900 mL of 0 . 1N hydrochloric acid at a temperature administered at to and tan in equally divided doses , when 
of 37° C . and a paddle speed of 75 rpm , and ( c ) the modified administered approximately two hours after a standardized 
release portion releases greater than 80 % of its gamma - 65 evening meal . 
hydroxybutyrate at 3 hours in a dissolution test started in 750 In an eleventh principal embodiment , the invention pro 
mL of 0 . 1N hydrochloric acid for 2 hours then switched to vides a modified release formulation of gamma - hydroxybu 
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tyrate , preferably comprising immediate release and modi appended claims . It is to be understood that both the 
fied release portions , that yields a plasma concentration foregoing general description and the following detailed 
versus time curve when administered once nightly at a description are exemplary and explanatory only and are not 
strength of 4 . 5 g , 6 . 0 g or 7 . 5 g approximately two hours restrictive of the invention , as claimed . 
after a standardized evening meal substantially as depicted 5 
in FIG . 12 or FIG . 13 for the corresponding strength . DESCRIPTION OF THE FIGURES 

In a twelfth principal embodiment , the invention provides 
a modified release formulation of gamma - hydroxybutyrate , The accompanying drawings , which are incorporated in 
preferably comprising immediate release and modified and constitute a part of this specification , illustrate several 
release portions , that yields a plasma concentration versus 10 embodiments of the invention and together with the descrip 
time curve when administered once nightly at a strength of tion serve to explain the principles of the invention . 4 . 5 g approximately two hours after a standardized evening FIG . 1 depicts the qualitative and quantitative structure of meal substantially as depicted in FIG . 22 . the immediate release ( IR ) and modified release ( MR ) In a thirteenth principal embodiment , the invention pro 
vides a modified release formulation of gamma - hydroxybu - 15 microparticles of gamma - hydroxybutyrate of Example 1 . 
tyrate , preferably comprising immediate release and modi FIG . 2 plots a time release dissolution profile of IR 
fied release portions , that yields a dissolution profile microparticles of gamma - hydroxybutyrate of Example 1 ( ) 
substantially as depicted in FIG . 7 and FIG . 8 . and 1bis ( I ) in a 0 . 1N HCl dissolution medium . 

In a fourteenth principal embodiment , the invention pro FIG . 3 plots a time release dissolution profile of MR 
vides a modified release formulation of gamma - hydroxybu - 20 microparticles of gamma - hydroxybutyrate of Example 1 in 
tyrate , preferably comprising immediate release and modi two sequential dissolution media ( 0 . 1 N HCl / phosphate 
fied release portions , that yields a dissolution profile s that vields dissolution profile buffer pH 6 . 8 ) . 

substantially as depicted in FIG . 20 and FIG . 21 . FIG . 4 plots a time release dissolution profile of MR 
In a fifteenth principal embodiment , the invention pro - microparticles ( A symbols ) of Example 1 in two sequential 

vides a modified release formulation of gamma - hydroxybu - 25 dissolution media ( 0 . 1 N HCl / phosphate buffer pH 6 . 8 ) , 
tyrate comprising immediate release and modified release overlaid against dissolution profile described in FIG . 3 of 
portions , wherein said modified release portion yields a U . S . Pat . No . 8 , 193 , 211 ( symbols ) . 
dissolution profile substantially as depicted in FIG . 3 or FIG . FIG . 5 plots a time release dissolution profile of the 
16 . finished formulation of Example 1 in deionized water . 

In a sixteenth principal embodiment , the invention pro - 30 FIG . 6 plots a time release dissolution profile of the 
vides a modified release formulation of gamma - hydroxybu - finished composition of Example 1 in deionized water ( A 
tyrate , comprising immediate release and modified release symbols ) , overlaid against dissolution profile described in 
portions that yields a dissolution profile between the mini - FIG . 2 of USP 2012 / 0076865 ( symbols ) . 
mum and maximum values depicted in FIG . 25 and FIG . 26 . FIG . 7 plots time release dissolution profiles in 0 . 1N HC1 

In a seventeenth principal embodiment , the invention 35 of four separate batches of finished compositions produced 
provides a modified release formulation of gamma - hydroxy - in accordance with Example 1 or Example 1bis . 
butyrate , comprising immediate release and modified release FIG . 8 plots time release dissolution profiles in phosphate 
portions that yields a dissolution profile between the mini - buffer pH 6 . 8 of four separate batches of finished compo 
mum and maximum values depicted in FIG . 27 and FIG . 28 . sitions produced in accordance with Example 1 or Example 

In an eighteenth principal embodiment , the invention 40 lbis . 
provides a modified release formulation of gamma - hydroxy - FIG . 9 plots time release dissolution profiles in 0 . 1N HC1 
butyrate yielding a dissolution profile substantially as shown of MR microparticles of gamma - hydroxybutyrate produced 
in any one of FIGS . 29 through 89 . in accordance with Example 1 at 75 rpm symbols ) and 

A nineteenth principal embodiment of the present inven - 100 rpm ( A symbols ) . 
tion provides a modified release formulation of gamma - 45 FIG . 10 plots time release dissolution profiles in 0 . 1N HCl 
hydroxybutyrate , preferably comprising immediate release of finished composition produced in accordance with 
and modified release portions , that yields a plasma concen - Example 1 performed with paddle rotation speed set at 75 
tration versus time curve when administered once nightly at rpm ( symbols ) and 100 rpm ( A symbols ) . 
a strength of 4 . 5 g , 7 . 5 g or 9 . 0 g approximately two hours FIG . 11 plots the mean + SD ( standard deviation ) plasma 
after a standardized evening meal substantially as depicted 50 gamma - hydroxybutyrate concentrations ( microgram / mL ) 
in FIG . 90 for the corresponding strength . versus time for two different modified release formulations 

A twentieth principal embodiment of the present inven - of gamma - hydroxybutyrate tested in vivo according to the 
tion provides a modified release formulation of gamma methods of Example 3 . Time profiles are given for a 4 . 5 g 
hydroxybutyrate , preferably comprising immediate release dose of the finished composition of Example 1bis adminis 
and modified release portions that yields a dissolution profile 55 tered once ( symbols ) ( N = 26 ) and a 4 . 5 g dose of Xyrem® 
between the minimum and maximum values depicted in administered in two divided doses ( - symbols ) ( N = 15 ) . 
FIG . 26 and FIG . 28 . FIG . 12 plots the mean + SD ( standard deviation ) plasma 

Still further embodiments relate to methods of using the gamma - hydroxybutyrate concentrations ( microgram / mL ) 
formulations of the present invention to treat narcolepsy and versus time after a Single Oral Administration of 4 . 5 g ( 
associated disorders and symptoms , and to physical aspects 60 symbols ) and 6 g ( A symbols ) of finished composition of 
of the formulations of the present invention . Additional Example 1bis in the same 7 subjects tested in vivo according 
principal embodiments and sub - embodiments thereto will be to the methods of Example 3 . 
set forth in part in the description which follows , and in part F IG . 13 plots the mean + SD ( standard deviation ) plasma 
will be obvious from the description , or may be learned by gamma - hydroxybutyrate concentrations ( microgram / mL ) 
practice of the invention . The embodiments and advantages 65 versus time of three separate doses of finished composition 
of the invention will be realized and attained by means of the prepared according to Example 1bis tested in vivo according 
elements and combinations particularly pointed out in the to the methods of Example 3 . Mean time profiles are given 
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for a single oral administration of 4 . 5 g ( N = 26 ) ( ) , 6 . 0 g FIG . 32 depicts the dissolution profile determined in 0 . 1N 
( N = 19 ) ( A ) or 7 . 5 g ( 1 ) doses ( N = 1 ) . HCl using a USP apparatus 2 of a 9 g dose of the formulation 

FIG . 14 plots the mean plasma gamma - hydroxybutyrate of Example 10 with and without rinsing . 
Concentrations ( microgram / mL ) of a Single dose of 7 . 5 g FIG . 33 depicts the dissolution profile of the MR portion 
( 1 ) of finished composition prepared according to Example 5 of the formulation of Example 1la in 900 ml of 0 . 1N HC1 
1bis compared to 2x4 . 5 g Xyrem® post - fed ( Source NDA and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium 
21 - 196 review ) . phosphate solution — pH adjusted to 6 . 8 with 5N NaOH ) 

FIG . 15 depicts the qualitative and quantitative structure using a USP apparatus 2 . 
of the immediate release ( IR ) and modified release ( MR ) FIG . 34 depicts the dissolution profile of the formulation 
microparticles of gamma - hydroxybutyrate of Example 4 . 10 of Example 11a in 900 ml of 0 . 1N HC1 using a USP 

FIG . 16 plots a time release dissolution profile of MR apparatus 2 . 
microparticles of gamma - hydroxybutyrate of Example 4 in FIG . 35 depicts the dissolution profile of the formulation 
two sequential dissolution media ( 0 . 1 N HCl and phosphate of Example 11a in pH6 . 8 phosphate buffer ( 0 . 05M monoba 
buffer pH 6 . 8 ) . 16 sic potassium phosphate solution — pH adjusted to 6 . 8 with 

FIG . 17 plots a time release dissolution profile of MR I N NaOH ) using a USP apparatus 2 . 
microparticles ( À symbols ) of Example 4 in two sequential FIG . 36 depicts the dissolution profile of the MR portion 
dissolution media ( 0 . 1 N HCl and phosphate buffer pH 6 . 8 ) , of the formulation of Example 11b in 900 ml of 0 . 1N HCl 
overlaid against dissolution profile described in FIG . 3 of using a USP apparatus 2 . 
U . S . Pat . No . 8 , 193 , 211 ( symbols ) . 20 FIG . 37 depicts the dissolution profile of the formulation 

FIG . 18 plots a time release dissolution profile of the of Example 11b in 900 ml of 0 . 1N HCl using a USP 
finished composition of Example 4 in deionized water . apparatus 2 . 

FIG . 19 plots a time release dissolution profile of the FIG . 38 depicts the dissolution profile of the formulation 
finished composition of Example 4 in deionized water ( of Example 11b in pH6 . 8 phosphate buffer ( 0 . 05M monoba 
symbols ) , overlaid against dissolution profile described in 25 sic potassium phosphate solution - pH adjusted to 6 . 8 with 
FIG . 2 of USP 2012 / 0076865 ( A symbols ) . 5N NaOH ) using a USP apparatus 2 . 

FIG . 20 plots time release dissolution profiles in 0 . 1N HC1 FIG . 39 depicts the dissolution profile of the formulation 
of three separate batches of finished compositions produced of Example 11c in 900 ml of 0 . 1N HCl using a USP 
in accordance with Example 4 or 4bis . apparatus 2 . 

FIG . 21 plots a time release dissolution profile in phos - 30 b . 30 FIG . 40 depicts the dissolution profile of the formulation 
phate buffer pH 6 . 8 of a finished composition produced in of Example 11c in pH6 . 8 phosphate buffer ( 0 . 05M monoba 
accordance with Example 4 . sic potassium phosphate solution pH adjusted to 6 . 8 with 

5N NaOH ) using a USP apparatus 2 . FIG . 22 plots mean plasma gamma - hydroxybutyrate con FIG . 41 depicts the dissolution profile of the MR portion centration ( microgram / mL ) time profiles after a Single Dose ose 35 of the formulation of Example 12a in 900 ml of 0 . 1N HCI of 4 . 5 g ( I ) of finished composition of Example 4bis , N = 15 using a USP apparatus 2 . compared to 2x2 . 25 g Xyrem® post fed , N = 15 . FIG . 42 depicts the dissolution profile of the formulation 
FIG . 23 depicts the qualitative and quantitative structure of Example 12a using a USP apparatus 2 in 0 . 1N HCl . 

of the immediate release ( IR ) and modified release ( MR ) FIG . 43 depicts the dissolution profile of the formulation 
microparticles of gamma - hydroxybutyrate of Example 7 . 40 of Example 12b in 900 ml of 0 . 1N HCl using a USP 

FIG . 24 plots a time release dissolution profile of MR 
microparticles of gamma - hydroxybutyrate of Example 7 ( FIG . 44 depicts the dissolution profile of the formulation 
symbols ) in two sequential dissolution media ( 0 . 1 N HC of Example 12b in pH6 . 8 phosphate buffer ( 0 . 05M monoba 
and phosphate buffer pH 6 . 8 ) , overlaid against dissolution sic potassium phosphate solution — pH adjusted to 6 . 8 with 
profile described in FIG . 3 of U . S . Pat . No . 8 , 193 , 211 ( 45 5N NaOH ) using a USP apparatus 2 . 
symbols ) . FIG . 45 depicts the dissolution profile of the MR portion 

FIG . 25 plots the Min ( 1 ) and Max ( A ) values of a of the formulation of Example 13 in 900 ml of 0 . 1N HCl and 
preferred dissolution profile in 0 . 1N HCl of finished com - pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium phos 
position according to the invention . phate solution pH adjusted to 6 . 8 with 5N NaOH ) using a 

FIG . 26 plots the Min ( D ) and Max ( A ) values of a 50 USP apparatus 2 . 
preferred dissolution profile in phosphate buffer pH 6 . 8 of FIG . 46 depicts the dissolution profile of the formulation 
finished composition according to the invention . of Example 13 in 900 ml of 0 . 1N HCl using a USP apparatus 

FIG . 27 plots the Min ( I ) and Max ( A ) values of another 2 . 
preferred dissolution profile in phosphate buffer pH 6 . 8 of FIG . 47 depicts the dissolution profile of the formulation 
finished composition according to the invention . 55 of Example 13 in pH6 . 8 phosphate buffer ( 0 . 05M monobasic 

FIG . 28 plots the Min ) and Max ( A ) values of another potassium phosphate solution — pH adjusted to 6 . 8 with 5N 
preferred dissolution profile in 0 . 1N HCl of finished com - NaOH ) using a USP apparatus 2 . 
position according to the invention . FIG . 48 depicts the dissolution profile of the MR portion 

FIG . 29 depicts a dissolution profile determined in 0 . 11 of the formulation of Example 14 in 900 ml of 0 . 1N HCl and 
HCl using a USP apparatus 2 for the formulation of Example 60 pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium phos 
9 . 1 5 minutes and 15 minutes after reconstitution in water . phate solution pH adjusted to 6 . 8 with 5N NaOH ) using a 

FIG . 30 depicts a dissolution profile determined in 0 . 1N USP apparatus 2 . 
HCl using a USP apparatus 2 for the formulation of Example FIG . 49 depicts the dissolution profile of the formulation 
9 . 2 5 minutes and 15 minutes after reconstitution in water . of Example 14 in 900 ml of 0 . 1N HCl using a USP apparatus 

FIG . 31 depicts a dissolution profile determined in 0 . 1N 65 2 . 
HCl using a USP apparatus 2 for the formulation of Example FIG . 50 depicts the dissolution profile of the formulation 
9 . 3 5 minutes and 15 minutes after reconstitution in water . of Example 14 in pH6 . 8 phosphate buffer ( 0 . 05M monobasic 

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 199 of 254 PageID #: 11474



14 
US 10 , 272 , 062 B2 

13 
potassium phosphate solution - pH adjusted to 6 . 8 with 5N sic potassium phosphate solution - pH adjusted to 6 . 8 with 
NaOH ) using a USP apparatus 2 . 5N NaOH ) using a USP apparatus 2 . 

FIG . 51 depicts the dissolution profile of the MR portion FIG . 69 depicts the dissolution profile of the MR portion 
of the formulation of Example 15a ( coating weight 35 % ) in of the formulation of Example 16c in 900 ml of 0 . 1N HCI 
900 ml of 0 . 1N HCl using a USP apparatus 2 . 5 and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium 

FIG . 52 depicts the dissolution profile of the MR portion phosphate solution — pH adjusted to 6 . 8 with 5N NaOH ) of the formulation of Example 15a ( coating weight 50 % ) in using a USP apparatus 2 . 
900 ml of 0 . 1N HCl using a USP apparatus 2 . FIG . 70 depicts the dissolution profile of the formulation FIG . 53 depicts the dissolution profile of the formulation of Example 16c in 900 ml of 0 . 1N HCl using a USP of Example 15a in 900 ml of 0 . 1N HCl using a USP 10 apparatus 2 . apparatus 2 . FIG . 71 depicts the dissolution profile of the formulation FIG . 54 depicts the dissolution profile of the MR portion 
of the formulation of Example 15b in 900 ml of 0 . 1N HCI of Example 16c in pH6 . 8 phosphate buffer ( 0 . 05M monoba 
and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium sic potassium phosphate solution pH adjusted to 6 . 8 with 
phosphate solution pH adjusted to 6 . 8 with 5N NaOH ) 15 ON NAOH ) using a USP apparatus 2 . 
using a USP apparatus 2 . FIG . 72 depicts the dissolution profile of the MR portion 

FIG . 55 depicts the dissolution profile of the formulation of the formulation of Example 16d in 900 ml of 0 . 1N HCI 
of Example 15b in 900 ml of 0 . 1N HC1 using a USP using a USP apparatus 2 . 
apparatus 2 . FIG . 73 depicts the dissolution profile of the MR portion 

FIG . 56 depicts the dissolution profile of the formulation 20 of the formulation of Example 17a in 900 ml of 0 . 1N HCI 
of Example 15b in pH6 . 8 phosphate buffer ( 0 . 05M monoba using a USP apparatus 2 . 
sic potassium phosphate solution pH adjusted to 6 . 8 with FIG . 74 depicts the dissolution profile of the formulation 
5N NaOH ) using a USP apparatus 2 . of Example 17a in 900 ml of 0 . 1N HCl using a USP 

FIG . 57 depicts the dissolution profile of the MR portion apparatus 2 . 
of the formulation of Example 15c in 900 ml of 0 . 1N HCl 25 FIG . 75 depicts the dissolution profile of the formulation 
using a USP apparatus 2 . of Example 17a in pH6 . 8 phosphate buffer ( 0 . 05M monoba 

FIG . 58 depicts the dissolution profile of the formulation sic potassium phosphate solution — pH adjusted to 6 . 8 with 
of Example 15c in 900 ml of 0 . 1N HCl using a USP 5N NaOH ) using a USP apparatus 2 . 
apparatus 2 . FIG . 76 depicts the dissolution profile of the MR portion 

FIG . 59 depicts the dissolution profile of the formulation 30 of the formulation of Example 17b in 900 ml of 0 . 1N HC1 
of Example 15c in pH6 . 8 phosphate buffer ( 0 . 05M monoba - and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium 
sic potassium phosphate solution pH adjusted to 6 . 8 with phosphate solution pH adjusted to 6 . 8 with 5N NaOH ) 
5N NaOH ) using a USP apparatus 2 . using a USP apparatus 2 . 

FIG . 60 depicts the dissolution profile of the MR portion FIG . 77 depicts the dissolution profile of the formulation 
of the formulation of Example 15d in 900 ml of 0 . 1N HC1 35 of Example 17b in 900 ml of 0 . 1N HCl using a USP 
and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium apparatus 2 . 
phosphate solution — pH adjusted to 6 . 8 with 5N NaOH ) FIG . 78 depicts the dissolution profile of the formulation 
using a USP apparatus 2 . of Example 17b in pH6 . 8 phosphate buffer ( 0 . 05M monoba 

FIG . 61 depicts the dissolution profile of the formulation sic potassium phosphate solution - pH adjusted to 6 . 8 with 
of Example 15d in 900 ml of 0 . 1N HCl using a USP 40 5N NaOH ) using a USP apparatus 2 . 
apparatus 2 . FIG . 79 depicts the dissolution profile of the MR portion 

FIG . 62 depicts the dissolution profile of the formulation of the formulation of Example 17c in 900 ml of 0 . 1N HC1 
of Example 15d in pH6 . 8 phosphate buffer ( 0 . 05M monoba - and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium 
sic potassium phosphate solution pH adjusted to 6 . 8 with phosphate solution — pH adjusted to 6 . 8 with 5N NaOH ) 
5N NaOH ) using a USP apparatus 2 . 45 using a USP apparatus 2 . 

FIG . 63 depicts the dissolution profile of the MR portion FIG . 80 depicts the dissolution profile of the formulation 
of the formulation of Example 16a in 900 ml of 0 . 1N HC1 of Example 17c in 900 ml of 0 . 1N HC1 using a USP 
and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium apparatus 2 . 
phosphate solution pH adjusted to 6 . 8 with 5N NaOH ) FIG . 81 depicts the dissolution profile of the formulation 
using a USP apparatus 2 . 50 of Example 17c in pH6 . 8 phosphate buffer ( 0 . 05M monoba 

FIG . 64 depicts the dissolution profile of the formulation sic potassium phosphate solution - pH adjusted to 6 . 8 with 
of Example 16a in 900 ml of 0 . 1N HCl using a USP 5N NaOH ) using a USP apparatus 2 . 
apparatus 2 . FIG . 82 depicts a preferred dissolution profile of sodium 

FIG . 65 depicts the dissolution profile of the formulation oxybate MR microparticles in 900 ml 0 . 1N HCl using a USP 
of Example 16a in pH6 . 8 phosphate buffer ( 0 . 05M monoba - 55 apparatus 2 at 75 rpm . 
sic potassium phosphate solution — pH adjusted to 6 . 8 with FIG . 83 depicts a preferred dissolution profile of sodium 
5N NaOH ) using a USP apparatus 2 . oxybate MR microparticles in 900 ml pH 6 . 8 phosphate 

FIG . 66 depicts the dissolution profile of the MR portion buffer ( 0 . 05M monobasic potassium phosphate solution 
of the formulation of Example 16b in 900 ml of 0 . 1N HC1 pH adjusted to 6 . 8 with 5N NaOH ) using a USP apparatus 
and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium 60 2 at 75 rpm . 
phosphate solution — pH adjusted to 6 . 8 with 5N NaOH ) FIG . 84 depicts a preferred dissolution profile of a sodium 
using a USP apparatus 2 . oxybate finished formulation comprising IR and MR 

FIG . 67 depicts the dissolution profile of the formulation microparticles in 900 ml 0 . 1N HCl using a USP apparatus 2 
of Example 16b in 900 ml of 0 . 1N HC1 using a USP at 75 rpm . 
apparatus 2 . 65 FIG . 85 depicts a preferred dissolution profile of a sodium 

FIG . 68 depicts the dissolution profile of the formulation oxybate finished formulation comprising IR and MR 
of Example 16b in pH6 . 8 phosphate buffer ( 0 . 05M monoba - microparticles in 900 ml pH 6 . 8 phosphate buffer ( 0 . 05M 
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monobasic potassium phosphate solution — pH adjusted to “ Relative bioavailability ” or “ Rel BA ” or “ RBA ” means 
6 . 8 with 5N NaOH ) using a USP apparatus 2 at 75 rpm . the percentage of mean AUCinf of the tested product relative 

FIG . 86 is a dissolution profile in 0 . 1N HCl of two to the mean AUCinf of the reference product . Unless other 
separate batches of the sodium oxybate MR microparticles wise specified , relative bioavailability refers to the percent 
present in the finished composition of Example 18 . 5 age of the mean AUCinf observed for a full dose of the test 

FIG . 87 is a dissolution profile in phosphate buffer pH 6 . 8 product relative to the mean AUCinf observed for two 
of two separate batches of the sodium oxybate MR 1 / 2 - doses of an immediate release liquid solution adminis 
microparticles present in the finished composition of tered four hours apart . 
Example 18 . “ Bioequivalence ” means the absence of a significant 

FIG . 88 is a dissolution profile in 0 . 1N HCl of two unit difference in the rate and extent to which the active ingre 
doses of 3 g ( A symbols ) and 4 . 5 g ( symbols ) of the dient or active moiety in pharmaceutical equivalents or 
finished composition of Example 18 . pharmaceutical alternatives become available at the site of 

FIG . 89 is a dissolution profile in phosphate buffer pH 6 . 8 drug action when administered at the same molar dose under 
of two unit doses of 3 g ( A symbols ) and 4 . 5 g ( symbols ) 16 similar conditions in an appropriately designed study . 
of the finished composition of Example 18 . When ranges are given by specifying the lower end of a 

FIG . 90 plots mean plasma gamma - hydroxybutyrate con - range separately from the upper end of the range , it will be 
centrations ( microgram / mL ) + SD - time profiles after a understood that the range can be defined by selectively 
single oral administration of 4 . 5 g ( symbols ) , 7 . 5 g ( l combining any one of the lower end variables with any one 
symbols ) and 9 g ( A symbols ) of the finished composition 20 of the upper end variables that is mathematically and physi 
of Example 18 . cally possible . Thus , for example , if a formulation may 

contain from 1 to 10 weight parts of a particular ingredient , 
DETAILED DESCRIPTION OF THE or 2 to 8 parts of a particular ingredient , it will be understood 

INVENTION that the formulation may also contain from 2 to 10 parts of 
25 the ingredient . In like manner , if a formulation may contain 

The present invention may be understood more readily by greater than 1 or 2 weight parts of an ingredient and up to 
reference to the following detailed description of preferred 10 or 9 weight parts of the ingredient , it will be understood 
embodiments of the invention and the Examples included that the formulation may contain 1 - 10 weight parts of the 
therein . ingredient , 2 - 9 weight parts of the ingredient , etc . unless 
Definitions and Use of Terms 30 otherwise specified , the boundaries of the range ( lower and 

Wherever an analysis or test is required to understand a upper ends of the range ) are included in the claimed range . 
given property or characteristic recited herein , it will be in like manner , when various sub - embodiments of a 
understood that the analysis or test is performed in accor - senior ( i . e . principal ) embodiment are described herein , it 
dance with applicable guidances , draft guidances , regula will be understood that the sub - embodiments for the senior 
tions and monographs of the United States Food and Drug 35 embodiment can be combined to define another sub - embodi 
Administration ( “ FDA ” ) and United States Pharmacopoeia ment . Thus , for example , when a principal embodiment 
( “ USP ” ) applicable to drug products in the United States in includes sub - embodiments 1 , 2 and 3 , it will be understood 
force as of Nov . 1 , 2015 unless otherwise specified . Clinical that the principal embodiment can be further limited by any 
endpoints can be judged with reference to standards adopted one of sub - embodiments 1 , 2 and 3 , or any combination of 
by the American Academy of Sleep Medicine , including 40 sub - embodiments 1 , 2 and 3 that is mathematically and 
standards published at C Iber , S Ancoli - Israel , A Chesson , S physically possible . In like manner , it will be understood that 
F Quan . The AASM Manual for the Scoring of Sleep and the principal embodiments described herein can be com 
Associated Events . Westchester , Ill . : American Academy of bined in any manner that is mathematically and physically 
Sleep Medicine ; 2007 . possible , and that the invention extends to such combina 
When a pharmacokinetic comparison is made between a 45 tions . 

formulation described or claimed herein and a reference When used herein the term “ about ” or “ substantially " or 
product , it will be understood that the comparison is pref - " approximately ” will compensate for variability allowed for 
erably performed in a suitable designed cross - over trial , in the pharmaceutical industry and inherent in pharmaceu 
although it will also be understood that a cross - over trial is tical products , such as differences in product strength due to 
not required unless specifically stated . It will also be under - 50 manufacturing variation and time - induced product degrada 
stood that the comparison can be made either directly or tion . The term allows for any variation which in the practice 
indirectly . For example , even if a formulation has not been of pharmaceuticals would allow the product being evaluated 
tested directly against a reference formulation , it can still to be considered bioequivalent to the recited strength , as 
satisfy a comparison to the reference formulation if it has described in FDA ' s March 2003 Guidance for Industry on 
been tested against a different formulation , and the com - 55 BIOAVAILABILITY AND BIOEQUIVALENCE STUDIES FOR ORALLY ADMIN 
parison with the reference formulation can be deduced ISTERED DRUG PRODUCTS GENERAL CONSIDERATIONS . 
therefrom . When used herein the term “ gamma - hydroxybutyrate ” or 
As used in this specification and in the claims which GHB , unless otherwise specified , refers to the free base of 

follow , the singular forms “ a , " " an ” and “ the ” include plural gamma hydroxy - butyrate , a pharmaceutically acceptable 
referents unless the context dictates otherwise . Thus , for 60 salt of gamma - hydroxybutyric acid , and combinations 
example , reference to " an ingredient ” includes mixtures of thereof , their hydrates , solvates , complexes or tautomers 
ingredients , reference to " an active pharmaceutical agent ” forms . Gamma - hydroxybutyric acid salts can be selected 
includes more than one active pharmaceutical agent , and the from the sodium salt of gamma - hydroxybutyric acid or 
like . sodium oxybate , the potassium salt of gamma - hydroxybu 

“ Bioavailability ” means the rate and extent to which the 65 tyric acid , the magnesium salt of gamma - hydroxybutyric 
active ingredient or active moiety is absorbed from a drug acid , the calcium salt of gamma - hydroxybutyric acid , the 
product and becomes available at the site of action . lithium salt of gamma - hydroxybutyric , the tetra ammonium 
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salt of gamma - hydroxybutyric acid or any other pharma - embodiment , the IR portion and MR portion are provided as 
ceutically acceptable salt forms of gamma - hydroxybutyric particles , and in an even more preferred subembodiment the 
acid . IR portion and MR portion are provided as particles discreet 

“ Pharmaceutically acceptable ” means that which is useful from each other . 
in preparing a pharmaceutical composition that is generally 5 As used here in , " immediate release formulation ” or 
safe , non - toxic and neither biologically nor otherwise unde - “ immediate release portion ” refers to a composition that 
sirable and includes that which is acceptable for veterinary releases at least 80 % of its gamma - hydroxybutyrate in 1 
use as well as human pharmaceutical use . The term “ for - hour when tested in a dissolution apparatus 2 according to 
mulation ” or “ composition ” refers to the quantitative and USP 38 < 711 > in a 0 . 1N HC1 dissolution medium at a 
qualitative characteristics of a drug product or dosage form 10 temperature of 37° C . and a paddle speed of 75 rpm . 
prepared in accordance with the current invention . In like manner , a “ modified - release ( MR ) portion ” 

As used herein the doses and strengths of gamma - hy - includes that portion of a formulation or dosage form that 
droxybutyrate are expressed in equivalent - gram ( g ) weights lends to or supports a particular MR pharmacokinetic char 
of sodium oxybate unless stated expressly to the contrary . acteristic , regardless of the physical formulation in which 
Thus , when considering a dose of gamma - hydroxybutyrate 15 the MR portion is integrated . The modified release drug 
other than the sodium salt of gamma - hydroxybutyrate , one delivery systems are designed to deliver drugs at a specific 
must convert the recited dose or strength from sodium time or over a period of time after administration , or at a 
oxybate to the gamma - hydroxybutyrate under evaluation . specific location in the body . The USP defines a modified 
Thus , if an embodiment is said to provide a 4 . 5 g dose of release system as one in which the time course or location 
gamma - hydroxybutyrate , because the form of gamma - hy - 20 of drug release or both , are chosen to accomplish objectives 
droxybutyrate is not specified , it will be understood that the of therapeutic effectiveness or convenience not fulfilled by 
dose encompasses a 4 . 5 g dose of sodium oxybate , a 5 . 1 g conventional IR dosage forms . More specifically , MR solid 
dose of potassium gamma - hydroxybutyrate ( assuming a oral dosage forms include extended release ( ER ) and 
126 . 09 g / mol MW for sodium oxybate and a 142 . 20 g / mol delayed - release ( DR ) products . A DR product is one that 
MW for potassium gamma - hydroxybutyrate ) , and a 3 . 7 g 25 releases a drug all at once at a time other than promptly after 
dose of the free base ( assuming a 126 . 09 g / mol MW for administration . Typically , coatings ( e . g . , enteric coatings ) 
sodium oxybate and a 104 . 1 g / mol MW for the free base of are used to delay the release of the drug substance until the 
gamma - hydroxybutyrate ) , or by the weight of any mixture dosage form has passed through the acidic medium of the 
of salts of gamma - hydroxybutyric acid that provides the stomach . An ER product is formulated to make the drug 
same amount of GHB as 4 . 5 g of sodium oxybate . 30 available over an extended period after ingestion , thus 
As used herein “ microparticle ” means any discreet par - allowing a reduction in dosing frequency compared to a drug 

ticle of solid material . The particle can be made of a single presented as a conventional dosage form , e . g . a solution or 
material or have a complex structure with core and shells an immediate release dosage form . For oral applications , the 
and be made of several materials . The terms “ microparticle ” , term " extended - release " is usually interchangeable with 
" particle ” , “ microspheres ” or “ pellet ” are interchangeable 35 " sustained - release ” , “ prolonged - release ” or “ controlled - re 
and have the same meaning . Unless otherwise specified , the lease ” . 
microparticle has no particular particle size or diameter and Traditionally , extended - release systems provided constant 
is not limited to particles with volume mean diameter D ( 4 , 3 ) drug release to maintain a steady concentration of drug . For 
below 1 mm . some drugs , however , zero - order delivery may not be opti 
As used herein , the “ volume mean diameter D ( 4 , 3 ) ” is 40 mal and more complex and sophisticated systems have been 

calculated according to the following formula : developed to provide multi - phase delivery . One can distin 
guish among four categories of oral MR delivery systems : 

D ( 4 , 3 ) = 3 ( 04 ; n ; ) E ( d ; n ; ) ( 1 ) delayed - release using enteric coatings , ( 2 ) site - specific 
wherein the diameter d of a given particle is the diameter of or timed release ( e . g . for colonic delivery ) , ( 3 ) extended 
a hard sphere having the same volume as the volume of that 45 release ( e . g . , zero - order , first - order , biphasic release , etc . ) , 
particle . and ( 4 ) , programmed release ( e . g . , pulsatile , delayed 
As used herein , the terms “ finished composition ” , “ fin - extended release , etc . ) See Modified Oral Drug Delivery 

ished formulation ” or “ formulation ” are interchangeable and Systems at page 34 in Gibaldi ' s DRUG DELIVERY SYS 
designate the modified release formulation of gamma - hy - TEMS IN PHARMACEUTICAL CARE , AMERICAN 
droxybutyrate preferably comprising modified release 50 SOCIETY OF HEALTH - SYSTEM PHARMACISTS , 2007 
microparticles of gamma - hydroxybutyrate , immediate and Rational Design of Oral Modified - release Drug Deliv 
release microparticles of gamma - hydroxybutyrate , and any ery Systems at page 469 in DEVELOPING SOLID ORAL 
other excipients . DOSAGE FORMS : PHARMACEUTICAL THEORY AND 

As used herein and in the claims that follow , an “ imme - PRACTICE , Academic Press , Elsevier , 2009 . As used 
diate release ( IR ) portion " of a formulation includes physi - 55 herein , “ modified release formulation ” or “ modified release 
cally discreet portions of a formulation , mechanistically portion ” in one embodiment refers to a composition that 
discreet portions of a formulation , and pharmacokinetically releases its gamma - hydroxybutyrate according a multiphase 
discreet portions of a formulation that lend to or support a delivery that is comprised in the fourth class of MR prod 
defined IR pharmacokinetic characteristic . Thus , for u cts , e . g . delayed extended release . As such it differs from 
example , any formulation that releases active ingredient at 60 the delayed release products that are classified in the first 
the rate and extent required of the immediate release portion class of MR products . 
of the formulations of the present invention includes an As used herein the terms " coating " , " coating layer , " 
" immediate release portion , ” even if the immediate release " coating film , ” “ film coating ” and like terms are inter 
portion is physically integrated in what might otherwise be changeable and have the same meaning . The terms refer to 
considered an extended release formulation . Thus , the IR 65 the coating applied to a particle comprising the gamma 
portion can be structurally discreet or structurally indiscreet hydroxybutyrate that controls the modified release of the 
from ( i . e . integrated with ) the MR portion . In a preferred gamma - hydroxybutyrate . 
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In all pharmacokinetic testing described herein , unless 400 , 425 , or 450 hrxmicrogram / mL , most preferably greater 
otherwise stated , the dosage form , or the initial dosage form than 340 hrxmicrogram / mL , and a mean Ce , that is from 
if the dosing regimen calls for more than one administration , 50 % to 130 % , from 60 % to 130 % , from 70 % to 130 % , from 
is administered approximately two hours after consumption 75 % to 125 % , from 80 % to 125 % , from 80 to 120 % , from 
of a standardized dinner consisting of 25 . 5 % fat , 19 . 6 % 5 90 % to 110 % , from 50 % to 95 % , from 60 % to 90 % , most 
protein , and 54 . 9 % carbohydrates . preferably from 60 % to 90 % or 60 % to 130 % of the mean 
| A " similar PK profile ” or “ comparable bioavailability ” Con provided by an equal dose of an immediate release liquid 
means that the mean AUCinf of a test product is from 80 % solution of sodium oxybate ( e . g . Xyrem® ) administered at 
to 125 % of the mean AUCnf of a reference product in a to and ta , in equally divided doses approximately two hours 
suitably designed cross - over trial , and that the mean plasma 10 after a standardized evening meal . 
concentration at 8 hours ( Con ) of the test product is from A third principal embodiment of the present invention 
50 % to 130 % of the mean plasma concentration at 8 hours provides a modified release formulation of gamma - hydroxy 
( Con ) of the reference product . butyrate , preferably comprising immediate release and 

Type 1 Narcolepsy ( NT1 ) refers to narcolepsy character - modified release portions , wherein the formulation releases 
ized by excessive daytime sleepiness ( “ EDS ” ) and cata - 15 ( a ) at least 80 % or 90 % of its gamma - hydroxybutyrate at 3 
plexy . Type 2 Narcolepsy ( NT2 ) refers to narcolepsy char - hours , 2 hours , 1 hour , 0 . 5 hours , or 0 . 25 hours , preferably 
acterized by excessive daytime sleepiness without cataplexy . 1 hour , when tested in a dissolution apparatus 2 according to 
A diagnosis of narcolepsy ( with or without cataplexy ) can be USP 38 < 711 > in 900 mL of 0 . 05M monobasic potassium 
confirmed by one or a combination of ( i ) an overnight phosphate buffer pH 6 . 8 at a temperature of 37° C . and a 
polysomnogram ( PSG ) and a Multiple Sleep Latency Test 20 paddle speed of 75 rpm , and ( b ) from 10 to 65 % , from 15 to 
( MSLT ) performed within the last 2 years , ( ii ) a full docu 60 % , from 20 to 55 % , from 25 to 55 % , from 30 to 55 % , 
mentary evidence confirming diagnosis from the PSG and from 35 to 55 % , from 40 to 55 % , from 40 to 60 % , or from 
MSLT from a sleep laboratory must be made available , ( iii ) 45 to 55 % , preferably from 40 % to 60 % , of its gamma 
current symptoms of narcolepsy including : current com - hydroxybutyrate at one hour and three hours when tested in 
plaint of EDS for the last 3 months ( ESS greater than 10 ) , 25 a dissolution apparatus 2 according to USP 38 < 711 > in 900 
( iv ) mean MWT less than 8 minutes , ( v ) mean number of mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and 
cataplexy events of 8 per week on baseline Sleep / Cataplexy a paddle speed of 75 rpm . 
Diary , and / or ( vi ) presence of cataplexy for the last 3 months A fourth principal embodiment of the present invention 
and 28 events per week during screening period . provides a modified release formulation of gamma - hydroxy 

Unless otherwise specified herein , percentages , ratios and 30 butyrate , comprising immediate release and modified release 
numeric values recited herein are based on weight ; averages portions , wherein ( a ) the formulation releases at least 80 % 
and means are arithmetic means ; all pharmacokinetic mea or 90 % of its gamma - hydroxybutyrate at 3 hours , 2 hours , 1 
surements based on the measurement of bodily fluids are hour , 0 . 5 hours , or 0 . 25 hours , preferably 1 hour , when tested 
based on plasma concentrations . in a dissolution apparatus 2 according to USP 38 < 711 > in 

It will be understood , when defining a composition by its 35 900 mL of 0 . 05M monobasic potassium phosphate buffer pH 
pharmacokinetic or dissolution properties herein , that the 6 . 8 at a temperature of 37° C . and a paddle speed of 75 rpm , 
formulation can in the alternative be defined as “ means for ” ( b ) the formulation releases from 10 to 65 % , from 15 to 
achieving the recited pharmacokinetic or dissolution prop - 60 % , from 20 to 55 % , from 25 to 55 % , from 30 to 55 % , 
erties . Thus , a formulation in which the modified release from 35 to 55 % , from 40 to 55 % , from 40 to 60 % , or from 
portion releases less than 20 % of its gamma - hydroxybu - 40 45 to 55 % , preferably from 40 % to 60 % , of its gamma 
tyrate at one hour can instead be defined as a formulation hydroxybutyrate at one hour and at three hours when tested 
comprising “ means for ” or “ modified release means for ” in a dissolution apparatus 2 according to USP 38 < 711 > in 
releasing less than 20 % of its gamma - hydroxybutyrate at 900 mL of 0 . 1N hydrochloric acid at a temperature of 37° C . 
one hour . It will be further understood that the preferred and a paddle speed of 75 rpm , and ( c ) the modified release 
structures for achieving the recited pharmacokinetic or dis - 45 portion preferably releases greater than 80 % or 90 % of its 
solution properties are the structures described in the gamma - hydroxybutyrate at 3 hours in a dissolution test 
examples hereof that accomplish the recited pharmacoki - started in 750 mL of 0 . 1N hydrochloric acid for 2 hours then 
netic or dissolution properties . switched to 950 mL 0 . 05M monobasic potassium phosphate 
Discussion of Principal Embodiments buffer adjusted to pH 6 . 8 at a temperature of 37° C . and a 

The invention can be described in terms of principal 50 paddle speed of 75 rpm . 
embodiments , which in turn can be recombined to make A fifth principal embodiment of the present invention 
other principal embodiments , and limited by sub - embodi provides a modified release formulation of gamma - hydroxy 
ments to make other principal embodiments . butyrate , comprising immediate release and modified release 

A first principal embodiment of the present invention portions , wherein ( a ) the formulation releases at least 80 % 
provides a modified release formulation of gamma - hydroxy - 55 or 90 % of its gamma - hydroxybutyrate at 3 hours , 2 hours , 1 
butyrate , preferably comprising immediate release and hour , 0 . 5 hours , or 0 . 25 hours , preferably 1 hour , when tested 
modified release portions , wherein a 7 . 5 g dose of the in a dissolution apparatus 2 according to USP 38 < 711 > in 
formulation has been shown to achieve a mean AUCint of 900 mL of 0 . 05M monobasic potassium phosphate buffer pH 
greater than 245 , 300 , 325 , 340 , 375 , 400 , 425 , or 450 6 . 8 at a temperature of 37° C . and a paddle speed of 75 rpm , 
hrxmicrogram / mL , most preferably greater than 340 hrxmi - 60 ( b ) the formulation releases from 10 to 65 % , from 15 to 
crogram / mL . 60 % , from 20 to 55 % , from 25 to 55 % , from 30 to 55 % , 

A second principal embodiment of the present invention from 35 to 55 % , from 40 to 55 % , from 40 to 60 % , or from 
provides a modified release formulation of gamma - hydroxy - 45 to 55 % , preferably from 40 % to 60 % , of its gamma 
butyrate , preferably comprising immediate release and hydroxybutyrate at one hour and at three hours when tested 
modified release portions , wherein a 7 . 5 g dose of the 65 in a dissolution apparatus 2 according to USP 38 < 711 > in 
formulation has been shown to achieve a mean AUCinf of 900 mL of 0 . 1N hydrochloric acid at a temperature of 37° C . 
greater than 245 , 265 , 285 , 300 , 315 , 325 , 340 , 350 , 375 , and a paddle speed of 75 rpm , ( c ) the formulation releases 
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greater than 60 % , 70 % , or 80 % , preferably greater than portions , wherein : ( a ) said immediate release portion 
80 % , of its gamma - hydroxybutyrate at 10 hours when tested releases greater than 80 % or 90 % of its gamma - hydroxy 
in a dissolution apparatus 2 according to USP 38 < 711 > in butyrate at one hour , two hours , or three hours when tested 
900 mL of 0 . 1N hydrochloric acid at a temperature of 37° C . in a dissolution apparatus 2 according to USP 38 < 711 > in 
and a paddle speed of 75 rpm , and ( d ) the modified release 5 900 mL of 0 . 1N hydrochloric acid at a temperature of 37° C . 
portion releases greater than 80 % of its gamma - hydroxybu - and a paddle speed of 75 rpm ; ( b ) said modified release 
tyrate at 3 hours in a dissolution test started in 750 mL of portion releases less than 20 % or 10 % of its gamma 
0 . 1N hydrochloric acid for 2 hours then switched to 950 mL hydroxybutyrate at one hour when tested in a dissolution 
0 . 05M monobasic potassium phosphate buffer adjusted to apparatus 2 according to USP 38 < 711 > in 900 mL of 0 . 1N pH 6 . 8 at a temperature of 37° C . and a paddle speed of 75 10 hydrochloric acid at a temperature of 37° C . and a paddle rpm . speed of 75 rpm ; ( c ) said modified release portion releases A sixth principal embodiment of the present invention greater than 80 % or 90 % of its gamma - hydroxybutyrate at provides a modified release formulation of gamma - hydroxy 

three hours , two hours , or one hour , when tested in a butyrate , comprising immediate release and modified release 
portions , wherein ( a ) a 7 . 5 g dose of the formulation has 15 dissolution apparatus 2 according to USP 38 < 711 > in 900 
been shown to achieve a mean AUCink of greater than 245 , mL of 0 . 05M monobasic potassium phosphate buffer pH 6 . 8 
300 , 325 , 340 , 375 , 400 , 425 , or 450 hrxmicrogram / mL , at a temperature of 37° C . and a paddle speed of 75 rpm ; and 
preferably 340 hrxmicrogram / mL , and a mean Ce , that is ( d ) said modified release portion releases greater than 80 % 
from 50 % to 130 % , from 60 % to 130 % , from 70 % to 130 % , or 90 % of its gamma - hydroxybutyrate at 3 hours in a 
from 75 % to 125 % , from 80 % to 125 % , from 80 to 120 % , 20 dissolution test started in 750 mL of 0 . 1N hydrochloric acid 
from 90 % to 110 % , from 50 % to 95 % , or from 60 % to 90 % , for 2 hours then switched to 950 mL 0 . 05M monobasic 
preferably from 60 % to 90 % or from 60 % to 130 % , of the potassium phosphate buffer adjusted to pH 6 . 8 at a tempera 
mean Con provided by an equal dose of an immediate release ture of 37° C . and a paddle speed of 75 rpm . 
liquid solution of gamma - hydroxybutyrate ( e . g . Xyrem® ) A ninth principal embodiment of the present invention 
administered at to and tan in equally divided doses approxi - 25 provides a modified release formulation of gamma - hydroxy 
mately two hours after a standardized evening meal , and ( b ) butyrate , preferably comprising immediate release and 
the formulation releases ( i ) at least 80 % or 90 % of its modified release portions , wherein a 4 . 5 g , 6 g , 7 . 5 g , and 9 
gamma - hydroxybutyrate at 3 hours , 2 hours , 1 hour , 0 . 5 g dose of the formulation has been shown to achieve a 
hours , or 0 . 25 hours , preferably 1 hour , when tested in a relative bioavailability ( RBA ) of greater than 80 % , 85 % or 
dissolution apparatus 2 according to USP 38 < 711 > in 900 30 90 % when compared to an equal dose of an immediate 
mL of 0 . 05M monobasic potassium phosphate buffer pH 6 . 8 release liquid solution of sodium oxybate administered at to 
at a temperature of 37° C . and a paddle speed of 75 rpm , and and tan in equally divided doses , when administered approxi 
( ii ) from 10 to 65 % , from 15 to 60 % , from 20 to 55 % , from mately two hours after a standardized evening meal . The 
25 to 55 % , from 30 to 55 % , from 35 to 55 % , from 40 to relative bioavailability is even higher with larger doses , and 
55 % , from 40 to 60 % , or from 45 to 55 % , preferably from 35 with a 6 . 0 g or 7 . 5 g or 9 . 0 g dose is preferably greater than 
40 % to 60 % , of its gamma - hydroxybutyrate at one hour and 90 , 95 or 100 % when compared to an equal dose of an 
three hours when tested in a dissolution apparatus 2 accord immediate release liquid solution of sodium oxybate admin 
ing to USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric acid istered at to and tan in equally divided doses , when admin 
at a temperature of 37° C . and a paddle speed of 75 rpm , and istered approximately two hours after a standardized eve 
( c ) the modified release portion releases greater than 80 % of 40 ning meal . 
its gamma - hydroxybutyrate at 3 hours in a dissolution test tenth principal embodiment of the present invention 
started in 750 mL of 0 . 1N hydrochloric acid for 2 hours then provides a modified release formulation of gamma - hydroxy 
switched to 950 mL 0 . 05M monobasic potassium phosphate butyrate , wherein a 4 . 5 g and a 9 g dose of the formulation 
buffer adjusted to pH 6 . 8 at a temperature of 37° C . and a has been shown to achieve a relative bioavailability ( RBA ) 
paddle speed of 75 rpm . 45 of greater than 80 % when compared to an equal dose of an 

A seventh principal embodiment of the present invention immediate release liquid solution of sodium oxybate admin 
provides a modified release formulation of gamma - hydroxy - istered at to and ta , in equally divided doses , when admin 
butyrate comprising immediate release and modified release istered approximately two hours after a standardized eve 
portions , wherein : ( a ) said immediate release portion ning meal . 
releases greater than 80 % or 90 % of its gamma - hydroxy - 50 An eleventh principal embodiment of the present inven 
butyrate at one hour when tested in a dissolution apparatus tion provides a modified release formulation of gamma 
2 according to USP 38 < 711 > in 900 mL of 0 . 1N hydro - hydroxybutyrate , preferably comprising immediate release 
chloric acid at a temperature of 37° C . and a paddle speed and modified release portions , that yields a plasma concen 
of 75 rpm ; ( b ) said modified release portion releases less tration versus time curve when administered once nightly at 
than 20 % or 10 % of its gamma - hydroxybutyrate at one hour 55 a strength of 4 . 5 g , 6 . 0 g , or 7 . 5 g approximately two hours 
when tested in a dissolution apparatus 2 according to USP 38 after a standardized evening meal substantially as depicted 
< 711 > in 900 mL of 0 . 1N hydrochloric acid at a temperature in FIG . 12 or FIG . 13 for the corresponding strength . 
of 37° C . and a paddle speed of 75 rpm ; and ( c ) said A twelfth principal embodiment of the present invention 
modified release portion releases greater than 80 % or 90 % provides a modified release formulation of gamma - hydroxy 
of its gamma - hydroxybutyrate at three hours , two hours or 60 butyrate , preferably comprising immediate release and 
one hour , when tested in a dissolution apparatus 2 according modified release portions , that yields a plasma concentration 
to USP 38 < 711 > in 900 mL of 0 . 05M monobasic potassium versus time curve when administered once nightly at a 
phosphate buffer pH 6 . 8 at a temperature of 37° C . and a strength of 4 . 5 g approximately two hours after a standard 
paddle speed of 75 rpm . ized evening meal substantially as depicted in FIG . 22 . 
An eighth principal embodiment of the present invention 65 A thirteenth principal embodiment of the present inven 

provides a modified release formulation of gamma - hydroxy - tion provides a modified release formulation of gamma 
butyrate comprising immediate release and modified release hydroxybutyrate , preferably comprising immediate release 
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and modified release portions , that yields a dissolution fying agent , wherein : ( a ) the modified release portion com 
profile substantially as depicted in FIG . 7 and FIG . 8 . prises coated particles of gamma - hydroxybutyrate ; ( b ) the 

A fourteenth principal embodiment of the present inven coating comprises a polymer carrying free carboxylic groups 
tion provides a modified release formulation of gamma and a hydrophobic compound having a melting point equal 
hydroxybutyrate , preferably comprising immediate release 5 or greater than 40° C . ; and ( c ) the ratio of gamma - hydroxy 
and modified release portions , that yields a dissolution butyrate in the immediate release portion and the modified 
profile substantially as depicted in FIG . 20 and FIG . 21 . 

A fifteenth principal embodiment of the present invention In a third principal structural embodiment the invention 
provides a modified release formulation of gamma - hydroxy - provides a modified release formulation of gamma - hydroxy 
butyrate , preferably comprising immediate release and 10 butyrate comprising immediate release and modified release 
modified release portions that yields a dissolution profile portions , wherein : ( a ) the modified release portion com 
substantially as depicted in FIG . 3 or 16 . prises coated particles of gamma - hydroxybutyrate ; ( b ) the 

In a sixteenth principal embodiment , the invention pro coating comprises a polymer carrying free carboxylic groups 
vides a modified release formulation of gamma - hydroxybu - and a hydrophobic compound having a melting point equal 
tyrate , comprising immediate release and modified release 15 or greater than 40° C . ; ( c ) the weight ratio of the hydropho 
portions that yields a dissolution profile between the mini - bic compound to the polymer carrying free carboxylic 
mum and maximum values depicted in FIG . 25 and FIG . 26 . groups is from 0 . 4 to 4 ; ( d ) the ratio of gamma - hydroxybu 

In a seventeenth principal embodiment , the invention tyrate in the immediate release portion and the modified 
provides a modified release formulation of gamma - hydroxy - release portion is from 10 / 90 to 65 / 35 ; and ( e ) the coating is 
butyrate , comprising immediate release and modified release 20 from 10 to 50 % of the weight of the particles . 
portions that yields a dissolution profile between the mini In a fourth principal structural embodiment the invention 
mum and maximum values depicted in FIG . 27 and FIG . 28 . provides a modified release formulation of gamma - hydroxy 

In an eighteenth principal embodiment the invention butyrate comprising immediate release and modified release 
provides a modified release formulation of gamma - hydroxy - portions , wherein : ( a ) the modified release portion com 
butyrate yielding a dissolution profile substantially as shown 25 prises coated particles of gamma - hydroxybutyrate ; ( b ) the 
in any one of FIGS . 29 through 89 . It will be understood that coating comprises a polymer carrying free carboxylic groups 
this seventeenth principal embodiment can be limited only having a pH trigger of from 5 . 5 to 6 . 97 and a hydrophobic 
to one of these dissolution profiles . compound having a melting point equal or greater than 40° 

A nineteenth principal embodiment of the present inven C . ; ( c ) the weight ratio of the hydrophobic compound to the 
tion provides a modified release formulation of gamma - 30 polymer carrying free carboxylic groups is from 0 . 4 to 4 ; ( d ) 
hydroxybutyrate , preferably comprising immediate release the ratio of gamma - hydroxybutyrate in the immediate 
and modified release portions , that yields a plasma concen - release portion and the modified release portion is from 
tration versus time curve when administered once nightly at 10 / 90 to 65 / 35 ; and ( e ) the coating is from 10 to 50 % of the 
a strength of 4 . 5 g , 7 . 5 g or 9 . 0 g approximately two hours weight of the particles . 
after a standardized evening meal substantially as depicted 35 In a fifth principal structural embodiment the invention 
in FIG . 90 for the corresponding strength . provides a modified release formulation of gamma - hydroxy 

In any of these principal embodiments , the formulation is butyrate comprising immediate release and modified release 
preferably effective to treat narcolepsy Type 1 or Type 2 . The portions , wherein : ( a ) the modified release portion com 
formulation is also preferably effective to induce sleep for prises coated particles of gamma - hydroxybutyrate ; ( b ) the 
six to eight , most preferably eight consecutive hours . 40 coating comprises a methacrylic acid copolymer carrying 

In any of these principal embodiments , the formulation free carboxylic groups having a pH trigger of from 5 . 5 to 
preferably comprises immediate release and modified 6 . 97 and a hydrophobic compound having a melting point 
release portions , wherein the modified release portion com equal or greater than 40° C . ; ( c ) the weight ratio of the 
prises gamma hydroxybutyrate particles coated by a poly - hydrophobic compound to the polymer carrying free car 
mer carrying free carboxylic groups and a hydrophobic 45 boxylic groups is from 0 . 4 to 4 ; ( d ) the ratio of gamma 
compound having a melting point equal or greater than 40° hydroxybutyrate in the immediate release portion and the 
C . , and the ratio of gamma - hydroxybutyrate in the imme - modified release portion is from 10 / 90 to 65 / 35 ; and ( e ) the 
diate release portion and the modified release portion is from coating is from 10 to 50 % of the weight of the particles . 
10 / 90 to 65 / 35 . The polymers comprising free carboxylic Discussion of Pharmacokinetic and Dissolution Sub - Em 
groups preferably have a pH dissolution trigger of from 5 . 5 50 bodiments 
to 6 . 97 and are preferably methacrylic acid copolymers As mentioned in the definitions section of this document , 
having a pH dissolution trigger of from 5 . 5 to 6 . 97 . each of the sub - embodiments can be used to further char 
Principal Structural Embodiments acterize and limit each of the foregoing principal embodi 

In a first principal structural embodiment , the invention ments . In addition , more than one of the following sub 
provides a modified release formulation of gamma - hydroxy - 55 embodiments can be combined and used to further 
butyrate comprising immediate release and modified release characterize and limit each of the foregoing principal 
portions , wherein : ( a ) the modified release portion com - embodiments , in any manner that is mathematically and 
prises coated particles of gamma - hydroxybutyrate ; ( b ) the physically possible . 
coating comprises a polymer carrying free carboxylic groups In various sub - embodiments of the foregoing principal 
and a hydrophobic compound having a melting point equal 60 embodiments a 7 . 5 g dose of the modified release formula 
or greater than 40° C . ; and ( c ) the ratio of gamma - hydroxy - tion of gamma - hydroxybutyrate can be characterized as 
butyrate in the immediate release portion and the modified having been shown to achieve a mean AUCinfof greater than 
release portion is from 10 / 90 to 65 / 35 . 245 , 265 , 285 , 300 , 315 , 325 , 340 , 350 , 375 , 400 , 425 , or 450 

In a second principal structural embodiment the invention hrxmicrogram / mL when administered once approximately 
provides a modified release formulation of gamma - hydroxy - 65 two hours after a standardized evening meal . An upper limit 
butyrate comprising immediate release and modified release on mean AUC ; n for such 7 . 5 g dose can be set at 500 or 550 
portions , a suspending or viscosifying agent , and an acidi - hrxmicrogram / mL . 

PUCIS 
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In additional sub - embodiments of the foregoing principal modified release formulation of gamma - hydroxybutyrate in 
embodiments a 7 . 5 g dose of the modified release formula - a 0 . 1N HCl dissolution medium . Thus , in additional sub 
tion of gamma - hydroxybutyrate can be characterized as embodiments the immediate release portion releases greater 
having been shown to achieve a mean Cmor of greater than than 80 % , 85 % , 90 % , 95 % , 98 % or even 99 % of its 
65 , 70 , 75 , 80 , 85 , or 90 microgram / mL when administered 5 gamma - hydroxybutyrate at one hour when tested in a dis 
once approximately two hours after a standardized evening solution apparatus 2 according to USP 38 < 711 > in 900 mL 
meal . An upper limit on mean Cmor for such 7 . 5 g dose can of 0 . 1N hydrochloric acid at a temperature of 37° C . and a 
be set at 125 or 100 microgram / mL . paddle speed of 75 rpm . 

In additional sub - embodiments of the forgoing principal In another sub - embodiment , the formulation releases ( a ) 
embodiments a 7 . 5 g dose of the modified release formula - 10 at least 80 % of its gamma - hydroxybutyrate at three hours 
tion of gamma - hydroxybutyrate can be characterized as when tested in a dissolution apparatus 2 according to USP38 
having been shown to achieve a mean Con that is from 50 % < 711 > in 900 mL of 0 . 05M monobasic potassium phosphate 
to 130 % , from 60 % to 130 % , from 70 to 130 % , from 75 % buffer pH 6 . 8 at a temperature of 37° C . and a paddle speed 
to 125 % , from 80 % to 125 % , from 80 to 120 % , or from 90 % of 75 rpm , and ( b ) from 10 % to 65 % , of its gamma 
to 110 % of the mean Con provided by an equal dose of 15 hydroxybutyrate at one hour and three hours when tested in 
immediate release liquid solution of gamma - hydroxybu a dissolution apparatus 2 according to USP 38 < 711 > in 900 
tyrate administered at to and tan in two equally divided doses , mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and 
when administered approximately two hours after a stan - a paddle speed of 75 rpm . 
dardized evening meal . In another subembodiment , the formulation comprises 

In one sub - embodiment , a 7 . 5 g dose of the formulation 20 immediate release and modified release portions , and ( a ) the 
has been shown to achieve a mean AUCinf of greater than formulation releases at least 80 % of its gamma - hydroxybu 
340 hr . microgram / mL , and a mean Con that is from 50 % to tyrate at 3 hours when tested in a dissolution apparatus 2 
130 % of the mean Con provided by an equal dose of according to USP 38 < 711 > in 900 mL of 0 . 05M monobasic 
immediate release liquid solution of sodium oxybate admin - potassium phosphate buffer pH 6 . 8 at a temperature of 37° 
istered at to and tan in equally divided doses approximately 25 C . and a paddle speed of 75 rpm , ( b ) the formulation releases 
two hours after a standardized evening meal . from 10 % to 65 % , of its gamma - hydroxybutyrate at one 

Further sub - embodiments can be characterized based on hour when tested in a dissolution apparatus 2 according to 
the dissolution properties of the entire ( or finished ) modified USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric acid at a 
release formulation of gamma - hydroxybutyrate in 0 . 1N temperature of 37° C . and a paddle speed of 75 rpm , and ( c ) 
hydrochloric acid dissolution medium . Thus , in additional 30 the modified release portion releases greater than 80 % of its 
sub - embodiments the entire modified release formulation of gamma - hydroxybutyrate at 3 hours in a dissolution test 
gamma - hydroxybutyrate releases greater than 30 % , 35 % , started in 750 mL of 0 . 1N hydrochloric acid for 2 hours then 
40 % , or 45 % , and less than 70 % , 65 % , 60 % , or 55 % , of its switched to 950 mL 0 . 05M monobasic potassium phosphate 
gamma - hydroxybutyrate at one hour when tested in a dis - buffer adjusted to pH 6 . 8 at a temperature of 37° C . and a 
solution apparatus 2 according to USP 38 < 711 > in 900 mL 35 paddle speed of 75 rpm . 
of 0 . 1N hydrochloric acid at a temperature of 37° C . and a In another sub - embodiment , the formulation comprises 
paddle speed of 75 rpm . immediate release and modified release portions , and ( a ) the 

Further sub - embodiments can be defined based on the formulation releases at least 80 % of its gamma - hydroxybu 
dissolution properties of the modified release portion of the tyrate at 3 hours when tested in a dissolution apparatus 2 
formulation of gamma - hydroxybutyrate in a phosphate buf - 40 according to USP 38 < 711 > in 900 mL of 0 . 05M monobasic 
fer pH 6 . 8 dissolution medium . Thus , in additional sub - potassium phosphate buffer pH 6 . 8 at a temperature of 37° 
embodiments the modified release portion releases greater C . and a paddle speed of 75 rpm , ( b ) the formulation releases 
than 80 % , 85 % , 90 % , 95 % , 98 % or even 99 % of its 10 % to 65 % of its gamma - hydroxybutyrate at one hour and 
gamma - hydroxybutyrate at 3 , 2 , 1 , 0 . 5 or 0 . 25 hours when at three hours when tested in a dissolution apparatus 2 
tested in a dissolution apparatus 2 according to USP 38 45 according to USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric 
< 711 > in 900 mL of 0 . 05M monobasic potassium phosphate acid at a temperature of 37° C . and a paddle speed of 75 rpm , 
buffer pH 6 . 8 at a temperature of 37° C . and a paddle speed ( c ) the formulation releases greater than 60 % of its gamma 
of 75 rpm . hydroxybutyrate at 10 hours when tested in a dissolution 

Still further embodiments can be defined based on the apparatus 2 according to USP 38 < 711 > in 900 mL of 0 . 1N 
dissolution properties of the modified release portion of the 50 hydrochloric acid at a temperature of 37° C . and a paddle 
modified release formulation of gamma - hydroxybutyrate in speed of 75 rpm , and ( d ) the modified release portion 
a 0 . 1N HCl dissolution medium . Thus , in additional sub - releases greater than 80 % of its gamma - hydroxybutyrate at 
embodiments the modified release portion releases less than 3 hours in a dissolution test started in 750 mL of 0 . 1N 
20 % , 15 % , 10 % , 5 % , or even 2 % of its gamma - hydroxy - hydrochloric acid for 2 hours then switched to 950 mL 
butyrate at one hour when tested in a dissolution apparatus 55 0 . 05M monobasic potassium phosphate buffer adjusted to 
2 according to USP 38 < 711 > in 900 mL of 0 . 1N hydro - pH 6 . 8 at a temperature of 37° C . and a paddle speed of 75 
chloric acid at a temperature of 37° C . and a paddle speed rpm . 
of 75 rpm . Still further sub - embodiments can be defined based on a 

In additional embodiments , the modified release portion pharmacokinetic comparison of the modified release formu 
releases less than 20 % , 15 % , 10 % , 5 % , or even 2 % of its 60 lation of gamma - hydroxybutyrate to an immediate release 
gamma - hydroxybutyrate at one hour and at three hours and solution of gamma - hydroxybutyrate . Therefore , in addi 
more than 30 % , 35 % , 40 % , 45 % of its gamma - hydroxybu - tional sub - embodiments the modified release formulation of 
tyrate at ten hours when tested in a dissolution apparatus 2 gamma - hydroxybutyrate , preferably in a 4 . 5 g , 6 . 0 g , 7 . 5 g , 
according to USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric and 9 . 0 g dose , has been shown to achieve a relative 
acid at a temperature of 37° C . and a paddle speed of 75 rpm . 65 bioavailability ( RBA ) of greater than 80 % , 85 % , 90 % , or 

Further embodiments can be defined based on the disso - 95 % when compared to an equal dose of an immediate 
lution properties of the immediate release portion of the release liquid solution of sodium oxybate administered at to 
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and tan in equally divided doses , when administered approxi ments , the modified release formulation of gamma - hydroxy 
mately two hours after a standardized evening meal . butyrate has been shown to achieve a median Tmax of 1 . 25 

In additional sub - embodiments of the forgoing principal to 3 . 25 hours , preferably of about 1 . 25 , 1 . 5 , 1 . 75 , 2 , 2 . 25 , 
embodiments the invention provides a modified release 2 . 5 , 2 . 75 , 3 , or 3 . 25 hours when administered once approxi 
formulation of gamma - hydroxybutyrate , preferably com - 5 mately two hours after a standardized evening meal . A lower 
prising immediate release and modified release portions , limit on the median Tmor in any of the foregoing ranges can 
wherein a 4 . 5 g and 9 g dose of the formulation has been alternatively be set at 0 . 5 or 1 . 0 hours . 
shown to achieve a relative bioavailability ( RBA ) of greater Additional embodiments can be defined by comparing a 
than 80 % , 85 % or 90 % when compared to an equal dose of dose of the modified release formulation of gamma - hy 
an immediate release liquid solution of sodium oxybate 10 droxybutyrate , administered once nightly , to the same dose 
administered at to and tan in equally divided doses , when of an immediate release liquid solution of sodium oxybate 
administered approximately two hours after a standardized divided in half and administered twice nightly , 4 hours apart . 
evening meal Thus , in another sub - embodiment a 4 . 5 g , 6 . 0 g , 7 . 5 g or 9 . 0 

In additional sub - embodiments , a 6 . 0 g or 7 . 5 g or 9 . 0 g g dose of the modified release formulation of gamma 
dose of the modified release formulation of gamma - hy - 15 hydroxybutyrate has been shown to achieve a median Tox 
droxybutyrate has been shown to achieve a relative bioavail - within one hundred fifty , one hundred twenty , ninety , sixty 
ability ( RBA ) of greater than 80 % , 85 % , 90 % , 95 % or 100 % or thirty minutes of the median TM of half the dose of an 
when compared to an equal dose of an immediate release immediate release liquid solution of sodium oxybate , when 
liquid solution of sodium oxybate administered at to and tth administered approximately two hours after a standardized 
in equally divided doses , when administered approximately 20 evening meal . 
two hours after a standardized evening meal . In still another sub - embodiment a 4 . 5 g , 6 . 0 g , 7 . 5 g or 9 . 0 

The modified release formulations of gamma - hydroxybu g dose of the modified release formulation of gamma 
tyrate of the present invention can also be defined by hydroxybutyrate has been shown to achieve a mean Conor 
comparing the area under the concentration / time curve for mean Con greater than , and a mean Cion less than , the mean 
eight hours to the area under the concentration / time curve 25 C4 of half the dose of an immediate release liquid solution 
calculated to infinity . Thus , in still further sub - embodiments of sodium oxybate , when administered approximately two 
a 4 . 5 g , 6 . 0 g , 7 . 5 g or 9 . 0 g dose of the modified release hours after a standardized evening meal . 
formulation of gamma - hydroxybutyrate of the present Additional embodiments can be defined by comparing the 
invention has been shown to achieve a ratio of AUCon to pharmacokinetic profile of a dose of the modified release 
AUCinf of greater than 0 . 80 , 0 . 85 , 0 . 90 , 0 . 95 or 0 . 98 when 30 formulation of gamma - hydroxybutyrate administered once 
administered once approximately two hours after a standard nightly to the same dose of an immediate release liquid 
ized evening meal . solution of sodium oxybate divided in half and administered 

In still further sub - embodiments , the modified release twice nightly , 4 hours apart . Thus , in another sub - embodi 
formulations of gamma - hydroxybutyrate are defined based ment a modified release formulation of gamma - hydroxybu 
on the concentration of gamma - hydroxybutyrate in the 35 tyrate according to the invention has been shown to achieve 
blood stream 8 hours after administration . Therefore , in a ratio of its mean Can to the mean Cmor of the first half dose 
other sub - embodiments the formulation can be characterized of the immediate release liquid solution of sodium oxybate 
by a 4 . 5 g dose of the modified release formulation of from 0 . 6 to 1 . 2 , preferably from 0 . 7 to 1 . 1 and most 
gamma - hydroxybutyrate that has been shown to achieve a preferably from 0 . 8 to 1 . In another sub - embodiment , a 
mean Con Of from 4 . 7 to 9 . 0 , from 5 . 4 to 8 . 3 , from 6 . 1 to 7 . 6 , 40 modified release formulation of gamma - hydroxybutyrate 
from 3 . 5 to 7 . 0 , or from 4 . 0 to 5 . 5 microgram / mL , a 6 . 0 g according to the invention has been shown to achieve a ratio 
dose of the modified release formulation of gamma - hy - of its mean Can to the mean Cmor of the first half dose of the 
droxybutyrate has been shown to achieve a mean Con of immediate release liquid solution of sodium oxybate from 
from 6 . 3 to 16 . 7 , from 7 . 3 to 15 . 4 , from 8 . 2 to 14 . 1 , from 8 . 9 0 . 5 to 1 . 1 , preferably from 0 . 6 to 1 and most preferably from 
to 16 . 7 , from 10 . 2 to 15 . 4 , or from 11 . 5 to 14 . 1 microgram / 45 0 . 7 to 0 . 9 . In another sub - embodiment , a modified release 
mL ; or a 7 . 5 g dose of the modified release formulation of formulation of gamma - hydroxybutyrate according to the 
gamma - hydroxybutyrate has been shown to achieve a mean invention has been shown to achieve a ratio of its mean C4 51 
Con of from 13 . 0 to 40 . 3 , from 16 . 0 to 26 . 0 , 15 . 0 to 25 . 0 , to the mean Cmax of the first half dose of the immediate 
from 17 . 5 to 22 . 0 , from 21 . 6 to 40 . 3 , from 24 . 7 to 37 . 2 , or release liquid solution of gamma - hydroxybutyrate from 0 . 5 
from 27 . 8 to 34 . 1 microgram / mL , when administered once 50 to 1 , preferably from 0 . 5 to 0 . 9 and most preferably from 0 . 6 
approximately two hours after a standardized evening meal . to 0 . 8 . 

The modified release formulations of gamma - hydroxybu Additional sub - embodiments can be defined by the range 
tyrate of the present invention can also be defined by the of mean blood concentrations of gamma - hydroxybutyrate 
concentration / time and dissolution curves that they produce achieved 3 , 4 , 4 . 5 or 5 hours after administration once 
when tested according to the examples of the present inven - 55 nightly by a modified release formulation of gamma - hy 
tion . Therefore , in other sub - embodiments , a 4 . 5 g , 6 . 0 g , or d roxybutyrate according to the invention at the dose of 7 . 5 
7 . 5 g dose of the modified release formulation of gamma - g . Thus , in another sub - embodiment , a 7 . 5 g dose of the 
hydroxybutyrate of the present invention has been shown to modified release formulation of gamma - hydroxybutyrate 
achieve a time / concentration curve substantially as shown in has been shown to achieve a mean C3 of 43 to 81 micro 
FIGS . 13 ( a ) , ( b ) and ( c ) respectively herein . In another 60 gram / mL , preferably 49 to 75 microgram / mL and more 
principal embodiment or sub - embodiment , the formulation preferably 55 to 69 microgram / mL . In another sub - embodi 
has been shown to achieve a dissolution curve substantially ment , a 7 . 5 g dose of the modified release formulation of 
as shown in FIGS . 7 and 8 or FIGS . 20 and 21 herein . gamma - hydroxybutyrate has been shown to achieve a mean 

The modified release formulations of gamma - hydroxybu - Caz , of 40 to 75 microgram / mL , preferably 45 to 69 micro 
tyrate of the present invention can also be defined based on 65 gram / mL and more preferably 51 to 64 microgram / mL . In 
the time required to reach maximum blood concentration of another sub - embodiment , a 7 . 5 g dose of the modified 
gamma - hydroxybutyrate . Thus , in additional sub - embodi - release formulation of gamma - hydroxybutyrate has been 
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shown to achieve a mean C4 . 5h of 35 to 67 microgram / mL , releases less than 20 % of its gamma - hydroxybutyrate at one 
preferably 40 to 62 microgram / mL and more preferably 45 hour when tested in a dissolution apparatus 2 according to 
to 56 microgram / mL . In another sub - embodiment , a 7 . 5 g USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric acid at a 
dose of the modified release formulation of gamma - hy temperature of 37° C . and a paddle speed of 75 rpm ; and ( c ) 
droxybutyrate has been shown to achieve a mean Con of 31 5 said modified release portion releases greater than 80 % of its 
to 59 microgram / mL , preferably 36 to 55 microgram / mL gamma - hydroxybutyrate at one hour when tested in a dis 
and more preferably 40 to 50 microgram / mL . solution apparatus 2 according to USP 38 < 711 > in 900 mL 

In another subembodiment , a 7 . 5 g dose of the formula of 0 . 05M monobasic potassium phosphate buffer pH 6 . 8 at 
tion has been shown to achieve a mean AUCinf of greater a temperature of 37° C . and a paddle speed of 75 rpm . 
than 300 hr * microgram / mL and a mean Cmax of greater than 10 In a preferred embodiment , the modified release formu 
70 microgram / mL when administered once approximately lation of gamma - hydroxybutyrate according to the invention 
two hours after a standardized evening meal . achieves an in vitro dissolution profile : 

In still another subembodiment , a 7 . 5 g dose of the ( a ) measured in a dissolution apparatus 2 according to 
formulation has been shown to achieve a mean AUCint of USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric acid at a 
greater than 350 hr * microgram / mL and a mean Cmax of 15 temperature of 37° C . and a paddle speed of 75 rpm , 
greater than 80 microgram / mL when administered once characterized by the percentage of gamma - hydroxybutyrate 
approximately two hours after a standardized evening meal . dissolved being : 

In another subembodiment , a 4 . 5 , 6 . 0 , 7 . 5 and 9 . 0 g dose ( i ) from 40 % to 65 % at 1 hour , 
of the formulation has been shown to achieve a mean AUCint ( ii ) from 40 % to 65 % at 3 hours , 
of greater than 80 % of the mean AUCint provided by an 20 ( 11i ) from 47 % to 85 % at 8 hours , 
equal dose of immediate release liquid solution of sodium ( iv ) greater or equal to 60 % at 10 hours , 
oxybate administered at to and tan in equally divided doses ( v ) greater or equal to 80 % at 16 hours , and 
approximately two hours after a standardized evening meal , ( b ) measured in a dissolution apparatus 2 according to 
and a mean Con less than 95 % , 90 or 85 % of the mean Con USP 38 < 711 > in 900 mL of 0 . 05M monobasic potassium 
provided by an equal dose of immediate release liquid 25 phosphate buffer pH 6 . 8 at a temperature of 37° C . and a 
solution of sodium oxybate administered at to and tan in paddle speed of 75 rpm , characterized by the percentage of 
equally divided doses approximately two hours after a gamma - hydroxybutyrate dissolved being : 
standardized evening meal . ( i ) from 43 % to 94 % at 0 . 25 hour , 

Additional embodiments can be defined by comparing the ( ii ) greater or equal to 65 % at 0 . 35 hour , and 
pharmacokinetic profile of a dose of the modified release 30 ( iii ) greater or equal to 88 % at 1 hour . 
formulation of gamma - hydroxybutyrate administered once In a preferred embodiment , the modified release formu 
nightly to another dose of an immediate release liquid lation of gamma - hydroxybutyrate according to the invention 
solution of sodium oxybate divided in half and administered achieves an in vitro dissolution profile : 
twice nightly , 4 hours apart . Thus , in another sub - embodi ( a ) measured in a dissolution apparatus 2 according to 
ment a 7 . 5 g dose of the modified release formulation of 35 USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric acid at a 
gamma - hydroxybutyrate has been shown to achieve a simi - temperature of 37° C . and a paddle speed of 75 rpm , 
lar pharmacokinetic profile to the pharmacokinetic profile characterized by the percentage of gamma - hydroxybutyrate 
provided by a 2x4 . 5 g dose of sodium oxybate as an dissolved being : 
immediate release liquid solution administered for the first ( i ) from 40 % to 65 % at 1 hour , 
4 . 5 g two hours after a standardized evening meal and for the 40 ( ii ) from 40 % to 65 % at 3 hours , 
second 4 . 5 g dose , 4 hours after the first dose . Thus , in ( iii ) greater or equal to 47 % at 8 hours , 
another sub - embodiment a modified release formulation of ( iv ) greater or equal to 60 % at 10 hours , 
gamma - hydroxybutyrate according to the invention admin - ( v ) greater or equal to 80 % at 16 hours , and 
istered at the dose of 7 . 5 g has been shown to achieve a ratio ( b ) measured in a dissolution apparatus 2 according to 
of its mean Czy to the mean Cmor of the first 4 . 5 g dose of 45 USP 38 < 711 > in 900 mL of 0 . 05M monobasic potassium 
the immediate release liquid solution of sodium oxybate phosphate buffer pH 6 . 8 at a temperature of 37° C . and a 
from 0 . 5 to 1 . 1 , preferably from 0 . 6 to 1 and most preferably paddle speed of 75 rpm , characterized by the percentage of 
from 0 . 7 to 0 . 9 . In another sub - embodiment , a modified gamma - hydroxybutyrate dissolved being : 
release formulation of gamma - hydroxybutyrate according to ( i ) from 43 % to 94 % at 0 . 25 hour , 
the invention has been shown to achieve a ratio of its mean 50 ( ii ) greater or equal to 65 % at 0 . 35 hour , and 
C4n to the mean Cmar of the first 4 . 5 g dose of the immediate ( iii ) greater or equal to 88 % at 1 hour . 
release liquid solution of sodium oxybate from 0 . 5 to 1 , In another preferred embodiment , the modified release 
preferably from 0 . 6 to 0 . 9 and most preferably from 0 . 7 to formulation of gamma - hydroxybutyrate according to the 
0 . 8 . In another sub - embodiment , a modified release formu invention achieves an in vitro dissolution profile : 
lation of gamma - hydroxybutyrate according to the invention 55 ( a ) measured in a dissolution apparatus 2 according to 
has been shown to achieve a ratio of its mean C4 . 5h to the USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric acid at a 
mean Cmax of the 4 . 5 g dose of the immediate release liquid temperature of 37° C . and a paddle speed of 75 rpm , 
solution of sodium oxybate from 0 . 4 to 0 . 9 , preferably from characterized by the percentage of gamma - hydroxybutyrate 
0 . 5 to 0 . 8 and most preferably from 0 . 6 to 0 . 7 . dissolved being : 

In another subembodiment , the modified release formu - 60 ( i ) from 40 % to 65 % at 1 hour , 
lation of gamma - hydroxybutyrate comprises immediate ( ii ) from 40 % to 65 % at 3 hours , 
release and modified release portions , wherein : ( a ) said ( iii ) from 47 % to 85 % at 8 hours , 
immediate release portion releases greater than 80 % of its ( iv ) greater or equal to 60 % at 10 hours , 
gamma - hydroxybutyrate at one hour when tested in a dis - ( v ) greater or equal to 80 % at 16 hours , and 
solution apparatus 2 according to USP 38 < 711 > in 900 mL 65 ( b ) measured in a dissolution apparatus 2 according to 
of 0 . 1N hydrochloric acid at a temperature of 37° C . and a USP 38 < 711 > in 900 mL of 0 . 05M monobasic potassium 
paddle speed of 75 rpm ; ( b ) said modified release portion phosphate buffer pH 6 . 8 at a temperature of 37° C . and a 
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paddle speed of 75 rpm , characterized by the percentage of modified release portion comprises coated microparticles of 
gamma - hydroxybutyrate dissolved being : gamma - hydroxybutyrate ; and ( b ) the ratio of gamma - hy 

( i ) from 45 % to 67 % at 1 hour , and droxybutyrate in the immediate release portion and the 
( ii ) greater or equal to 65 % at 3 hours . modified release portion is from 10 / 90 to 65 / 35 . 
In another preferred embodiment , the modified release 5 In one subembodiment , the formulation comprises imme 

formulation of gamma - hydroxybutyrate according to the diate release and modified release portions , wherein : ( a ) the 
invention achieves an in vitro dissolution profile : modified release portion comprises coated microparticles of 

( a ) measured in a dissolution apparatus 2 according to gamma - hydroxybutyrate ; and ( b ) the ratio of gamma - hy 
USP 38 < 711 > in 900 mL of 0 . 1N hydrochloric acid at a droxybutyrate in the immediate release portion and the 
temperature of 37° C . and a paddle speed of 75 rpm , 10 modified release portion is from 40 / 60 to 60 / 40 . 
characterized by the percentage of gamma - hydroxybutyrate I n another subembodiment , the formulation comprises 
dissolved being : immediate release and modified release portions , wherein : 

( i ) from 40 % to 65 % at 1 hour , ( a ) the modified release portion comprises coated micropar 
( ii ) from 40 % to 65 % at 3 hours , ticles of gamma - hydroxybutyrate ; ( b ) the coating of said 
( iii ) greater or equal to 47 % at 8 hours , 15 modified release particles of gamma - hydroxybutyrate com 
( iv ) greater or equal to 60 % at 10 hours , prises a polymer carrying free carboxylic groups and a 
( v ) greater or equal to 80 % at 16 hours , and hydrophobic compound having a melting point equal or 
( b ) measured in a dissolution apparatus 2 according to greater than 40° C . ; and ( c ) the ratio of gamma - hydroxybu 

USP 38 < 711 > in 900 mL of 0 . 05M monobasic potassium tyrate in the immediate release portion and the modified 
phosphate buffer pH 6 . 8 at a temperature of 37° C . and a 20 release portion is from 10 / 90 to 65 / 35 or 40 / 60 to 60 / 40 . 
paddle speed of 75 rpm , characterized by the percentage of In another subembodiment , the formulation comprises 
gamma - hydroxybutyrate dissolved being : immediate release and modified release portions , wherein : 

( i ) from 45 % to 67 % at 1 hour , and ( a ) the modified release portion comprises coated micropar 
( ii ) greater or equal to 65 % at 3 hours . ticles of gamma - hydroxybutyrate ; ( b ) the coating of said 
In still another subembodiment , the formulation achieves 25 modified release particles of gamma - hydroxybutyrate com 

an in vitro dissolution profile : ( a ) measured in a dissolution prises a polymer carrying free carboxylic groups and a 
apparatus 2 according to USP 38 < 711 > in 900 mL of 0 . 11 hydrophobic compound having a melting point equal or 
hydrochloric acid at a temperature of 37° C . and a paddle greater than 40° C . ; ( c ) the weight ratio of the hydrophobic 
speed of 75 rpm , characterized by the percentage of gamma - compound to the polymer carrying free carboxylic groups is 
hydroxybutyrate dissolved being : ( i ) from 40 % to 65 % at 1 30 from 0 . 4 to 4 ; ( d ) the ratio of gamma - hydroxybutyrate in the 
hour , ( ii ) from 40 % to 65 % at 3 hours , ( iii ) greater than 45 % immediate release portion and the modified release portion 
at 8 hours , and ( b ) measured in a dissolution apparatus 2 is from 10 / 90 to 65 / 3 5 or 40 / 60 to 60 / 40 ; and ( e ) the film 
according to USP 38 < 711 > in 900 mL of 0 . 05M monobasic coating is from 10 to 50 % of the weight of the micropar 
potassium phosphate buffer pH 6 . 8 at a temperature of 37° ticles . 
C . and a paddle speed of 75 rpm , characterized by the 35 In another subembodiment the formulation comprises 
percentage of gamma - hydroxybutyrate dissolved being : ( i ) immediate release and modified release portions , wherein : 
greater than 40 % at 0 . 5 hour , and ( ii ) greater than 85 % at 1 ( a ) the modified release portion comprises coated particles 
hour . of gamma - hydroxybutyrate ; ( b ) the coating of said modified 

Alternatively , the formulation can be described as achiev release particles of gamma - hydroxybutyrate comprises a 
ing an in vitro dissolution profile measured in a dissolution 40 polymer carrying free carboxylic groups having a pH trigger 
apparatus 2 according to USP 38 < 711 > in 900 mL of 0 . 11 of from 5 . 5 to 6 . 97 and a hydrophobic compound having a 
hydrochloric acid at a temperature of 37° C . and a paddle melting point equal or greater than 40° C . ; ( c ) the weight 
speed of 75 rpm , characterized by the percentage of gamma - ratio of the hydrophobic compound to the polymer carrying 
hydroxybutyrate dissolved being : ( i ) from 40 % to 65 % at 1 free carboxylic groups is from 0 . 4 to 4 ; ( d ) the ratio of 
hour , ( ii ) from 40 % to 65 % at 3 hours , and ( iii ) greater than 45 gamma - hydroxybutyrate in the immediate release portion 
45 % at 8 hours . and the modified release portion is from 10 / 90 to 65 / 35 or 

In another alternative , the formulation can be described as 40 / 60 to 60 / 40 ; and ( e ) the coating is from 10 to 50 % of the 
achieving an in vitro dissolution profile measured in a weight of the particles . 
dissolution apparatus 2 according to USP 38 < 711 > in 900 In a particularly preferred sub - embodiment of the imme 
mL of 0 . 05M monobasic potassium phosphate buffer pH 6 . 8 50 diately preceding sub - embodiments , the polymer carrying 
at a temperature of 37° C . and a paddle speed of 75 rpm , free carboxylic groups comprises from 100 % poly ( meth 
characterized by the percentage of gamma - hydroxybutyrate acrylic acid , ethyl acrylate ) 1 : 1 and 0 % poly ( methacrylic 
dissolved being : ( i ) greater than 40 % at 0 . 5 hour , and ( ii ) acid , methylmethacrylate ) 1 : 2 to 2 % poly ( methacrylic acid , 
greater than 85 % at 1 hour . ethyl acrylate ) 1 : 1 and 98 % poly ( methacrylic acid , meth 
Structural Sub - Embodiments 55 ylmethacrylate ) 1 : 2 ; and the hydrophobic compound com 

The modified release formulations of gamma - hydroxybu - prises hydrogenated vegetable oil . 
tyrate of the present invention can be provided in any dosage In a preferred embodiment , the formulation includes 
form that is suitable for oral administration , including tab - excipients to improve the viscosity and the pourability of the 
lets , capsules , liquids , orally dissolving tablets , and the like , mixture of the particulate formulation with tap water . As 
but they are preferably provided as dry particulate formu - 60 such , the particulate formulation comprises , besides the 
lations ( i . e . granules , powders , coated particles , micropar - immediate release and modified release particles of gamma 
ticles , pellets , microspheres , etc . ) , in a sachet or other hydroxybutyrate , one or more suspending or viscosifying 
suitable discreet packaging units . A preferred particulate agents or lubricants . 
formulation will be mixed with tap water shortly before Preferred suspending or viscosifying agents are chosen 
administration , preferably 50 mL . 65 from the group consisting of xanthan gum , medium viscos 

In one subembodiment , the formulation comprises imme - ity sodium carboxymethyl cellulose , mixtures of microcrys 
diate release and modified release portions , wherein : ( a ) the talline cellulose and sodium carboxymethyl cellulose , mix 
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tures of microcrystalline cellulose and guar gum , medium particular glyceryl monostearate or glyceryl palmitostearate , 
viscosity hydroxyethyl cellulose , agar , sodium alginate , stearic acid , glycerol behenate , sodium stearyl fumarate , 
mixtures of sodium alginate and calcium alginate , gellan talc , and colloidal silicon dioxide . 
gum , carrageenan gum grade iota , kappa or lambda , and The preferred lubricant or glidant is magnesium stearate . 
medium viscosity hydroxypropylmethyl cellulose . 5 The lubricant or glidant can be used in the particulate 
Medium viscosity sodium carboxymethyl cellulose cor - formulation in an amount of from 0 . 1 to 5 % . The preferred 

responds to grade of sodium carboxymethyl cellulose whose amount is about 0 . 5 % . 
viscosity , for a 2 % solution in water at 25° C . , is greater than Most preferably , the modified release formulation of 
200 mPa . s and lower than 3100 mPa . s . gamma - hydroxybutyrate comprises about 0 . 5 % of magne 
Medium viscosity hydroxyethyl cellulose corresponds to 10 sium stearate . 

a grade of hydroxyethyl cellulose whose viscosity , for a 2 % A preferred modified release formulation of gamma 
solution in water at 25° C . , is greater than 250 mPa . s and hydroxybutyrate further comprises an acidifying agent . The 
lower than 6500 mPa . s . Medium viscosity hydroxypropyl - acidifying agent helps to ensure that the release profile of the 
methyl cellulose corresponds to a grade of hydroxypropyl - formulation in 0 . 1N HC1 will remain substantially 
methyl cellulose whose viscosity , for a 2 % solution in water 15 unchanged for at least 15 minutes after mixing , which is 
at 20° C . , is greater than 80 mPa . s . and lower than 3800 approximately the maximum length of time a patient might 
mPa . s . require before consuming the dose after mixing the formu 

Preferred suspending or viscosifying agents are xanthan lation with tap water . 
gum , especially Xantural 75TM from Kelco , hydroxyethyl In one particular subembodiment the formulation is a 
cellulose , especially Natrosol 250MTM from Ashland , Kappa 20 powder , and further comprising an acidifying agent and a 
carrageenan gum , especially Gelcarin PH812TM from FMC suspending or viscosifying agent , preferably in the weight 
Biopolymer , and lambda carrageenan gum , especially Vis - percentages recited herein . 
carin PH209TM from FMC Biopolymer . The preferred acidifying agents are chosen from the group 

In a preferred embodiment , the modified release formu - consisting of malic acid , citric acid , tartaric acid , adipic acid , 
lation of gamma - hydroxybutyrate comprises from 1 to 15 % 25 boric acid , maleic acid , phosphoric acid , ascorbic acid , oleic 
of viscosifying or suspending agents , preferably from 2 to acid , capric acid , caprylic acid , and benzoic acid . In a 
10 % , more preferably from 2 to 5 % , and most preferably preferred embodiment , the acidifying agent is present in the 
from 2 to 3 % of the formulation . formulation from 1 . 2 to 15 % , preferably from 1 . 2 to 10 % , 

In a preferred embodiment , the modified release formu preferably from 1 . 2 to 5 % . Preferred acidifying agents are 
lation of gamma - hydroxybutyrate is in the form of a powder 30 tartaric acid and malic acid , with malic acid being most 
that is intended to be dispersed in water prior to adminis - preferred . 
tration and further comprises from 1 to 15 % of a suspending When tartaric acid is employed , it is preferably employed 
or viscosifying agent selected from a mixture of xanthan in an amount of from 1 to 10 % , from 2 . 5 to 7 . 5 % , or about 
gum , carrageenan gum and hydroxyethylcellulose or xan 5 % . In a most preferred embodiment , the amount of malic 
than gum and carrageenan gum . 35 acid in the modified release formulation of gamma - hydroxy 

In a preferred embodiment , the modified release formu - butyrate is from 1 . 2 to 15 % , preferably from 1 . 2 to 10 % , 
lation of gamma - hydroxybutyrate is in the form of a powder preferably from 1 . 2 to 5 % , and most preferably 1 . 6 % or 
that is intended to be dispersed in water prior to adminis - 3 . 2 % . 
tration and further comprises : from 1 . 2 to 15 % of an In a most preferred embodiment , the amount of malic acid 
acidifying agent selected from malic acid and tartaric acid ; 40 in the modified release formulation of gamma hydroxybu 
and from 1 to 15 % of a suspending or viscosifying agent tyrate is about 1 . 6 % . 
selected from a mixture of xanthan gum , carrageenan gum The modified release formulation of gamma - hydroxybu 
and hydroxyethylcellulose or xanthan gum and carrageenan tyrate preferably includes an immediate release portion and 
gum . a modified release portion of gamma - hydroxybutyrate , and 

In a most preferred embodiment , the modified release 45 in a particularly preferred embodiment , the formulation is a 
formulation of gamma - hydroxybutyrate comprises about particulate formulation that includes a plurality of immedi 
1 % of lambda carrageenan gum or Viscarin PH209TM , about ate release gamma - hydroxybutyrate particles and a plurality 
1 % of medium viscosity grade of hydroxyethyl cellulose or of modified release gamma - hydroxybutyrate particles . The 
Natrosol 250MTM , and about 0 . 7 % of xanthan gum or molar ratio of gamma - hydroxybutyrate in the immediate 
Xantural 75TM . For a 4 . 5 g dose unit , these percentages will 50 release and modified release portions preferably ranges from 
typically equate to about 50 mg xanthan gum ( Xantural 0 . 11 : 1 to 1 . 86 : 1 , from 0 . 17 : 1 to 1 . 5 : 1 , from 0 . 25 : 1 to 1 . 22 : 1 , 
75TM ) , about 75 mg carragenan gum ( Viscarin PH209TM ) , from 0 . 33 : 1 to 1 . 22 : 1 , from 0 . 42 : 1 to 1 . 22 : 1 , from 0 . 53 : 1 to 
and about 75 mg hydroxyethylcellulose ( Natrasol 250MTM ) . 1 . 22 : 1 , from 0 . 66 : 1 to 1 . 22 : 1 , from 0 . 66 : 1 to 1 . 5 : 1 , from 

Alternative packages of viscosifying or suspending 0 . 8 : 1 to 1 . 22 : 1 , and preferably is about 1 : 1 . The molar 
agents , for a 4 . 5 g dose , include about 50 mg xanthan gum 55 percentage of gamma - hydroxybutyrate in the immediate 
( Xantural 75TM ) and about 100 mg carragenan gum ( Gel - release portion relative to the total of gamma - hydroxybu 
carin PH812TM ) , or about 50 mg xanthan gum ( Xantural tyrate in the formulation preferably ranges from 10 % to 
75TM ) , about 75 mg hydroxyethylcellulose ( Natrasol 65 % , from 15 to 60 % , from 20 to 55 % , from 25 to 55 % , 
250MTM ) and about 75 mg carragenan gum ( Viscarin from 30 to 55 % , from 35 to 55 % , from 40 to 55 % , from 40 
PH109TM ) 60 to 60 % , or from 45 to 55 % , preferably from 40 % to 60 % . In 

In a preferred embodiment , the modified release formu - a preferred embodiment , the molar percentage of the 
lation of gamma - hydroxybutyrate further comprises a lubri - gamma - hydroxybutyrate in the immediate release portion 
cant or a glidant , besides the immediate release and modified relative to the total of gamma - hydroxybutyrate in the for 
release particles of gamma - hydroxybutyrate . Preferred mulation is about 50 % . The molar percentage of gamma 
lubricants and glidants are chosen from the group consisting 65 hydroxybutyrate in the modified release portion relative to 
of salts of stearic acid , in particular magnesium stearate , the total of gamma - hydroxybutyrate in the formulation 
calcium stearate or zinc stearate , esters of stearic acid , in preferably ranges from 90 % to 35 % , from 85 to 40 % , from 
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80 to 45 % , from 75 to 45 % , from 70 to 45 % , from 65 to In a preferred embodiment , the finished formulation com 
45 % , from 60 to 45 % , from 60 to 40 % , or from 55 to 45 % , prises 50 % of its sodium oxybate content in immediate 
preferably from 60 % to 40 % . In a preferred embodiment , the release particles consisting of 80 . 75 % w / w of sodium oxy 
molar ratio of the gamma - hydroxybutyrate in the modified bate , 4 . 25 % w / w of PovidoneTM K30 and 15 % of 
release portion relative to the total of gamma - hydroxybu - 5 microcrystalline cellulose spheres with a volume mean 
tyrate in the formulation is about 50 % . The weight percent - diameter of about 95 microns to about 170 microns and 50 % 
age of the IR microparticles relative to the total weight of IR of its sodium oxybate content in modified release particles 
microparticles and MR microparticles , preferably ranges consisting of 11 . 3 % w / w of microcrystalline cellulose 
from 7 . 2 % to 58 . 2 % , from 11 . 0 % to 52 . 9 % , from 14 . 9 % to spheres with a volume mean diameter of about 95 microns 
47 . 8 % , from 18 . 9 % to 47 . 8 % , from 23 . 1 % to 47 . 8 % , from 10 to about 170 microns , layered with 60 . 5 % w / w of sodium 
27 . 4 % to 47 . 8 % , from 31 . 8 % to 47 . 8 % , from 31 . 8 % to oxybate mixed with 3 . 2 % w / w of PovidoneTM K30 and 
52 . 9 % , or from 36 . 4 % to 47 . 8 % . In other embodiments , the finally coated with a coating composition consisting of 15 % 
weight percentage of the IR microparticles relative to the w / w of hydrogenated vegetable oil ( LubritabTM or equiva 
total weight of IR microparticles and MR microparticles lent ) , 0 . 75 % of methacrylic acid copolymer type C 
preferably ranges from 5 . 9 % to 63 . 2 % , from 9 . 1 % to 58 . 1 % , 15 ( EudragitTM L100 - 55 or equivalent ) and 9 . 25 % of meth 
from 12 . 4 % to 53 . 1 % , from 19 . 9 % to 53 . 1 % , from 19 . 6 % to acrylic acid copolymer type B ( EudragitTM S 100 or equiva 
53 . 1 % , from 23 . 4 % to 53 . 1 % , from 27 . 4 % to 53 . 1 % from lent ) . 
27 . 4 % to 58 . 1 % , preferably from 31 . 7 % to 53 . 1 % . In a preferred embodiment , the finished formulation com 

In a preferred embodiment , the finished formulation com - prises 50 % of its gamma - hydroxybutyrate content in imme 
prises 50 % of its sodium oxybate content in immediate - 20 diate - release particles consisting of 80 . 75 % w / w of potas 
release particles consisting of 80 . 75 % w / w of sodium oxy - sium salt of gamma - hydroxybutyric acid , 4 . 25 % w / w of 
bate , 4 . 25 % w / w of Povidone K30 and 15 % of Povidone K30 and 15 % of microcrystalline cellulose 
microcrystalline cellulose spheres with a volume mean spheres with a volume mean diameter of about 95 microns 
diameter of about 95 microns to 450 microns and 50 % of its to about 450 microns and 50 % of its gamma - hydroxybu 
sodium oxybate content in modified release particles con - 25 tyrate content in modified release particles consisting of 
sisting of 10 . 5 % w / w of microcrystalline cellulose spheres 10 . 5 % w / w of microcrystalline cellulose spheres with a 
with a volume mean diameter of about 95 microns to about volume mean diameter of about 95 microns to about 450 
450 microns , layered with 56 . 5 % w / w of sodium oxybate microns , layered with 56 . 5 % w / w of sodium oxybate mixed 
mixed with 3 % w / w of PovidoneTM K30 and finally coated with 3 % w / w of PovidoneTM K30 and finally coated with a 
with a coating composition consisting of 18 % w / w of 30 coating composition consisting of 18 % w / w of hydrogenated 
hydrogenated vegetable oil ( LubritabTM or equivalent ) , 4 % vegetable oil ( LubritabTM or equivalent ) , 4 % of methacrylic 
of methacrylic acid copolymer type C ( EudragitTM L100 - 55 acid copolymer type C ( EudragitTM L100 - 55 or equivalent ) 
or equivalent ) and 8 % of methacrylic acid copolymer type B and 8 % of methacrylic acid copolymer type B ( EudragitTM 
( EudragitTM S100 or equivalent ) . S 100 or equivalent ) . 

In a preferred embodiment , the finished formulation com - 35 In a preferred embodiment , the finished formulation com 
prises 50 % of its sodium oxybate content in immediate - prises 50 % of its gamma - hydroxybutyrate content in imme 
release particles consisting of 80 . 75 % w / w of sodium oxy - diate - release particles consisting of 80 . 75 % w / w of potas 
bate , 4 . 25 % w / w of Povidone K30 and 15 % of sium salt of gamma - hydroxybutyric acid , 4 . 25 % w / w of 
microcrystalline cellulose spheres with a volume mean P ovidone K30 and 15 % of microcrystalline cellulose 
diameter of about 95 microns to 170 microns and 50 % of its 40 spheres with a volume mean diameter of about 95 microns 
sodium oxybate content in modified release particles con - to about 170 microns and 50 % of its gamma - hydroxybu 
sisting of 10 . 5 % w / w of microcrystalline cellulose spheres tyrate content in modified release particles consisting of 
with a volume mean diameter of about 95 microns to about 10 . 5 % w / w of microcrystalline cellulose spheres with a 
170 microns , layered with 56 . 5 % w / w of sodium oxybate volume mean diameter of about 95 microns to about 170 
mixed with 3 % w / w of PovidoneTM K30 and finally coated 45 microns , layered with 56 . 5 % w / w of sodium oxybate mixed 
with a coating composition consisting of 18 % w / w of with 3 % w / w of PovidoneTM K30 and finally coated with a 
hydrogenated vegetable oil ( LubritabTM or equivalent ) , 4 % coating composition consisting of 18 % w / w of hydrogenated 
of methacrylic acid copolymer type C ( EudragitTM L100 - 55 vegetable oil ( LubritabTM or equivalent ) , 4 % of methacrylic 
or equivalent ) and 8 % of methacrylic acid copolymer type B acid copolymer type C ( EudragitTM L100 - 55 or equivalent ) 
( EudragitTM S100 or equivalent ) . 50 and 8 % of methacrylic acid copolymer type B ( EudragitTM 

In a preferred embodiment , the finished formulation com - S 100 or equivalent ) . 
prises 50 % of its sodium oxybate content in immediate In a preferred embodiment , the finished formulation com 
release particles consisting of 80 . 75 % w / w of sodium oxy - prises 16 . 7 % of its gamma - hydroxybutyrate content in 
bate , 4 . 25 % w / w of Povidone K30 and 15 % of immediate - release particles consisting of 80 . 75 % w / w of 
microcrystalline cellulose spheres with a volume mean 55 potassium salt of gamma - hydroxybutyric acid , 4 . 25 % w / w 
diameter of about 95 microns to about 450 microns and 50 % of Povidone K30 and 15 % of microcrystalline cellulose 
of its sodium oxybate content in modified release particles spheres with a volume mean diameter of about 95 microns 
consisting of 11 . 3 % w / w of microcrystalline cellulose to about 450 microns , 16 . 7 % of its gamma - hydroxybutyrate 
spheres with a volume mean diameter of about 95 microns content in immediate - release particles consisting of 80 . 75 % 
to about 450 microns , layered with 60 . 5 % w / w of sodium 60 w / w of magnesium salt of gamma - hydroxybutyric acid , 
oxybate mixed with 3 . 2 % w / w of PovidoneTM K30 and 4 . 25 % w / w of Povidone K30 and 15 % of microcrystalline 
finally coated with a coating composition consisting of 15 % cellulose spheres with a volume mean diameter of about 95 
w / w of hydrogenated vegetable oil ( LubritabTM or equiva microns to about 450 microns , 16 . 7 % of its gamma - hy 
lent ) , 0 . 75 % of methacrylic acid copolymer type C droxybutyrate content in immediate - release particles con 
( EudragitTM L100 - 55 or equivalent ) and 9 . 25 % of meth - 65 sisting of 80 . 75 % w / w of calcium salt of gamma - hydroxy 
acrylic acid copolymer type B ( EudragitTM S100 or equiva butyric acid , 4 . 25 % w / w of Povidone K30 and 15 % of 
lent ) . microcrystalline cellulose spheres with a volume mean 
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diameter of about 95 microns to about 450 microns and 50 % K30 and finally coated with a coating composition consist 
of its gamma - hydroxybutyrate content in modified release ing of 18 % w / w of hydrogenated vegetable oil ( LubritabTM 
particles consisting of 10 . 5 % w / w of microcrystalline cel or equivalent ) , 4 % of methacrylic acid copolymer type C 
lulose spheres with a volume mean diameter of about 95 ( EudragitTM L100 - 55 or equivalent ) and 8 % of methacrylic 
microns to about 450 microns , layered with 56 . 5 % w / w of 5 acid copolymer type B ( EudragitTM S100 or equivalent ) . 
sodium oxybate mixed with 3 % w / w of PovidoneTM K30 and Other Characteristics of Immediate Release Portion finally coated with a coating composition consisting of 18 % The immediate release portion of the formulation can take 
w / w of hydrogenated vegetable oil ( LubritabTM or equiva any form capable of achieving an immediate release of the lent ) , 4 % of methacrylic acid copolymer type C ( EudragitTM gamma - hydroxybutyrate when ingested . For example , when L100 - 55 or equivalent ) and 8 % of methacrylic acid copo - 10 the formulation is a particulate formulation , the formulation lymer type B ( EudragitTM S100 or equivalent ) . can include unmodified “ raw ” gamma - hydroxybutyrate , In a preferred embodiment , the finished formulation com 
prises 16 . 7 % of its gamma - hydroxybutyrate content in rapidly dissolving gamma - hydroxybutyrate granules , par 
immediate - release particles consisting of 80 . 75 % w / w of ticles or microparticles comprised of a core covered by a 
potassium salt of gamma - hydroxybutyric acid . 4 . 25 % w / w 15 gamma - hydroxybutyrate loaded layer containing a binder 
of Povidone K30 and 15 % of microcrystalline cellulose 
spheres with a volume mean diameter of about 95 microns The IR granules or particles of gamma - hydroxybutyrate 
to about 170 microns , 16 . 7 % of its gamma - hydroxybutyrate can be made using any manufacturing process suitable to 
content in immediate - release particles consisting of 80 . 75 % produce the required particles , including : 
w / w of magnesium salt of gamma - hydroxybutyric acid , 20 agglomeration of the gamma - hydroxybutyrate sprayed 
4 . 25 % w / w of Povidone K30 and 15 % of microcrystalline preferably in the molten state , such as the Glatt Pro 
cellulose spheres with a volume mean diameter of about 95 CellTM technique , 
microns to about 170 microns , 16 . 7 % of its gamma - hy extrusion and spheronization of the gamma - hydroxybu 
droxybutyrate content in immediate - release particles con tyrate , optionally with one or more physiologically 
sisting of 80 . 75 % w / w of calcium salt of gamma - hydroxy - 25 acceptable excipients , 
butyric acid , 4 . 25 % w / w of Povidone K30 and 15 % of wet granulation of the gamma - hydroxybutyrate , option 
microcrystalline cellulose spheres with a volume mean ally with one or more physiologically acceptable 
diameter of about 95 microns to about 170 microns and 50 % excipients , 
of its gamma - hydroxybutyrate content in modified release compacting of the gamma - hydroxybutyrate , optionally 
particles consisting of 10 . 5 % w / w of microcrystalline cel - 30 with one or more physiologically acceptable excipients , 
lulose spheres with a volume mean diameter of about 95 granulation and spheronization of the gamma - hydroxy 
microns to about 170 microns , layered with 56 . 5 % w / w of butyrate , optionally with one or more physiologically 
sodium oxybate mixed with 3 % w / w of PovidoneTM K30 and acceptable excipients , the spheronization being carried 
finally coated with a coating composition consisting of 18 % out for example in a fluidized bed apparatus equipped 
w / w of hydrogenated vegetable oil ( LubritabTM or equiva - 35 with a rotor , in particular using the Glatt CPSTM tech 
lent ) , 4 % of methacrylic acid copolymer type C ( EudragitTM nique , 
L100 - 55 or equivalent ) and 8 % of methacrylic acid copo spraying of the gamma - hydroxybutyrate , optionally with 
lymer type B ( EudragitTM S100 or equivalent ) . one or more physiologically acceptable excipients , for 

In a preferred embodiment , the finished formulation com example in a fluidized bed type apparatus equipped 
prises 50 % of its gamma - hydroxybutyrate content in imme - 40 with zig - zag filter , in particular using the Glatt 
diate - release particles consisting of 80 . 75 % w / w of potas MicroPxTM technique , or 
sium salt of gamma - hydroxybutyric acid , 4 . 25 % w / w of spraying , for example in a fluidized bed apparatus option 
Povidone K30 and 15 % of microcrystalline cellulose ally equipped with a partition tube or Wurster tube , the 
spheres with a volume mean diameter of about 95 microns gamma - hydroxybutyrate , optionally with one or more 
to about 450 microns and 50 % of its gamma - hydroxybu - 45 physiologically acceptable excipients , in dispersion or 
tyrate content in modified release particles consisting of in solution in an aqueous or organic solvent on a core . 
10 . 5 % w / w of microcrystalline cellulose spheres with a Preferably , the immediate release portion of the formula 
volume mean diameter of about 95 microns to about 450 tion is in the form of microparticles comprising the imme 
microns , layered with 56 . 5 % w / w of calcium salt of gamma - diate release gamma - hydroxybutyrate and optional pharma 
hydroxybutyric acid mixed with 3 % w / w of PovidoneTM 50 ceutically acceptable excipients . In a preferred embodiment , 
K30 and finally coated with a coating composition consist the immediate release microparticles of gamma - hydroxybu 
ing of 18 % w / w of hydrogenated vegetable oil ( LubritabTM tyrate have a volume mean diameter D ( 4 , 3 ) of from 10 to 
or equivalent ) , 4 % of methacrylic acid copolymer type C 1000 microns , preferably from 95 to 600 microns , more 
( EudragitTM L100 - 55 or equivalent ) and 8 % of methacrylic preferably from 150 to 400 microns . Most preferably their 
acid copolymer type B ( EudragitTM S100 or equivalent ) . 55 volume mean diameter is about 270 microns . 

In a preferred embodiment , the finished formulation com - The preferred immediate release particles of gamma 
prises 50 % of its gamma - hydroxybutyrate content in imme - hydroxybutyrate of the present invention comprises a core 
diate - release particles consisting of 80 . 75 % w / w of potas - and a layer deposited on the core that contains the gamma 
sium salt of gamma - hydroxybutyric acid , 4 . 25 % w / w of hydroxybutyrate . The core can be any particle chosen from 
Povidone K30 and 15 % of microcrystalline cellulose 60 the group consisting of : 
spheres with a volume mean diameter of about 95 microns crystals or spheres of lactose , sucrose ( such as Compres 
to about 170 microns and 50 % of its gamma - hydroxybu sucTM PS from Tereos ) , microcrystalline cellulose ( such 
tyrate content in modified release particles consisting of as AvicelTM from FMC Biopolymer , CelletTM from 
10 . 5 % w / w of microcrystalline cellulose spheres with a Pharmatrans or CelphereTM from Asahi Kasei ) , sodium 
volume mean diameter of about 95 microns to about 170 65 chloride , calcium carbonate ( such as OmyapureTM 35 
microns , layered with 56 . 5 % w / w of calcium salt of gamma from Omya ) , sodium hydrogen carbonate , dicalcium 
hydroxybutyric acid mixed with 3 % w / w of PovidoneTM phosphate ( such as DicafosTM AC 92 - 12 from Buden 
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heim ) or tricalcium phosphate ( such as TricafosTM to 10 % , or from 1 to 9 % , most preferably 5 % of binder based 
SC93 - 15 from Budenheim ) ; on the total weight of the immediate release coating . 

composite spheres or granules , for example sugar spheres The preferred amount of binder is 5 % of binder over the 
comprising sucrose and starch ( such as SugletsTM from total mass of gamma - hydroxybutyrate and binder . 
NP Pharm ) , spheres of calcium carbonate and starch 5 The layer deposited on the core can represent at least 10 % 
( such as DestabTM 90 S Ultra 250 from Particle Dynam by weight , and even greater than 20 , 25 , 30 , 35 , 40 , 45 , 50 , 
ics ) or spheres of calcium carbonate and maltodextrin 55 , 60 , 65 , 70 , 75 , 80 , 85 or 90 % by weight of the total 
( such as HubercalTM CCG4100 from Huber ) . weight of the immediate release particle of gamma - hydroxy 

butyrate . Most preferably , the layer deposited on the core The core can also comprise other particles of pharmaceu 
tically acceptable excipients such as particles of hydroxy V . 10 represents about 85 % of the weight of the immediate release 
propyl cellulose ( such as KlucelTM from Aqualon Hercules ) , particle of gamma - hydroxybutyrate . 

According to a preferred embodiment , the immediate guar gum particles ( such as GrinstedTM Guar from Danisco ) , release particles comprise 80 . 75 % w / w of gamma - hydroxy xanthan particles ( such as XanturalTM 180 from CP Kelco ) . butyrate , 4 . 25 % w / w of Povidone K30 and 15 % of micro According to a particular embodiment of the invention , on , 15 crystalline cellulose spheres . the cores are sugar spheres or microcrystalline cellulose According to a preferred embodiment , the immediate 
spheres , such as CelletsTM 90 , CelletsTM 100 or CelletsTM release particles comprise 80 . 75 % w / w of gamma - hydroxy 
127 marketed by Pharmatrans , or also CelphereTM CP 203 , butyrate , 4 . 25 % w / w of Povidone K30 and 15 % of micro 
CelphereTM CP305 , CelphereTM SCP 100 . Preferably the crystalline cellulose spheres with a volume mean diameter 
core is a microcrystalline cellulose sphere . Most preferably 20 of about 95 microns to about 450 microns . 
the core is a CelletsTM 127 from Pharmatrans . According to a preferred embodiment , the immediate 

The core preferably has a mean volume diameter of about release particles comprise 80 . 75 % w / w of gamma - hydroxy 
95 to about 450 microns , preferably about 95 to about 170 butyrate , 4 . 25 % w / w of Povidone K30 and 15 % of micro 
microns , most preferably about 140 microns . crystalline cellulose spheres with a volume mean diameter 

The layer deposited onto the core comprises the imme - 25 of about 95 microns to about 170 microns . 
diate release gamma - hydroxybutyrate . Preferably the layer According to a preferred embodiment , the immediate 
also comprises a binder , which can be chosen from the group release particles comprise 80 . 75 % w / w of sodium oxybate , 
consisting of : 4 . 25 % w / w of Povidone K30 and 15 % of microcrystalline 

low molecular weight hydroxypropyl cellulose ( such as cellulose spheres . 
KlucelTM EF from Aqualon - Hercules ) , low molecular 30 According to another preferred embodiment , the imme 
weight hydroxypropyl methylcellulose ( or hypromel - diate - release particles comprise 80 . 75 % w / w of potassium 
lose ) ( such as MethocelTM E3 or E5 from Dow ) , or low salt of gamma - hydroxybutyric acid , 4 . 25 % w / w of Povidone 
molecular weight methylcellulose ( such as MethocelTM K30 and 15 % of microcrystalline cellulose spheres . 
A1 5 from Dow ) ; According to another preferred embodiment , the imme 

low molecular weight polyvinyl pyrrolidone ( or povi - 35 diate - release particles comprise 80 . 75 % w / w of calcium salt 
done ) ( such as PlasdoneTM K29 / 32 from ISP or Kolli - of gamma - hydroxybutyric acid , 4 . 25 % w / w of Povidone 
donTM 30 from BASF ) , vinyl pyrrolidone and vinyl K30 and 15 % of microcrystalline cellulose spheres . 
acetate copolymer ( or copovidone ) ( such as Plasdone : According to another preferred embodiment , the imme 
S630 from ISP or KollidonTM VA 64 from BASF ) ; diate - release particles comprise 80 . 75 % w / w of magnesium 

dextrose , pregelatinized starch , maltodextrin ; and mix - 40 salt of gamma - hydroxybutyric acid , 4 . 25 % w / w of Povidone 
tures thereof . K30 and 15 % of microcrystalline cellulose spheres . 

Low molecular weight hydroxypropyl cellulose corre - According to another embodiment , the immediate - release 
sponds to grades of hydroxypropyl cellulose having a particles are manufactured by dissolving the gamma - hy 
molecular weight of less than 800 , 000 g / mol , preferably less droxybutyrate and the Povidone K30 in a mixture of water / 
than or equal to 400 , 000 g / mol , and in particular less than or 45 ethanol 40 / 60 w / w and spraying the resulting solution onto 
equal to 100 , 000 g / mol . Low molecular weight hydroxy - the surface of the microcrystalline cellulose spheres . 
propyl methylcellulose ( or hypromellose ) corresponds to Other Characteristics of Modified Release Portion 
grades of hydroxypropyl methylcellulose the solution vis - The modified release portion can be any formulation that 
cosity of which , for a 2 % solution in water and at 20° C . , is provides the desired in vitro dissolution profile of gamma 
less than or equal to 1 , 000 mPa . s , preferably less than or 50 hydroxybutyrate . The modified release portion is preferably 
equal to 100 mPa . s and in particular less than or equal to 15 comprised of modified release particles , obtained by coating 
mPa . s . Low molecular weight polyvinyl pyrrolidone ( or immediate release particles of gamma - hydroxybutyrate with 
povidone ) corresponds to grades of polyvinyl pyrrolidone a coating ( or coating film ) that inhibits the immediate release 
having a molecular weight of less than or equal to 1 , 000 , 000 of the gamma - hydroxybutyrate . In one sub - embodiment the 
g / mol , preferably less than or equal to 800 , 000 g / mol , and in 55 modified release portion comprises particles comprising : ( a ) 
particular less than or equal to 100 , 000 g / mol . an inert core ; ( b ) a coating ; and ( c ) a layer comprising the 

Preferably , the binding agent is chosen from low molecu - gamma hydroxybutyrate interposed between the core and 
lar weight polyvinylpyrrolidone or povidone ( for example , the coating 
PlasdoneTM K29 / 32 from ISP ) , low molecular weight In a preferred embodiment , the modified release portion 
hydroxypropyl cellulose ( for example , KlucelTM EF from 60 comprises a time - dependent release mechanism and a pH 
Aqualon - Hercules ) , low molecular weight hydroxypropyl dependent release mechanism . 
methylcellulose or hypromellose ( for example , MethocelTM In a preferred embodiment , the coating film comprises at 
E3 or E5 from Dow ) and mixtures thereof . least one polymer carrying free carboxylic groups , and at 

The preferred binder is povidone K30 or K29 / 32 , espe least one hydrophobic compound preferably characterized 
cially PlasdoneTM K29 / 32 from ISP . The binder can be 65 by a melting point equal or greater than 40° C . 
present in an amount of 0 to 80 % , 0 to 70 % , 0 to 60 % , 0 to The polymer carrying free carboxylic groups is preferably 
50 % , 0 to 40 % , 0 to 30 % , 0 to 25 % , 0 to 20 % , 0 to 15 % , 0 selected from : ( meth ) acrylic acid / alkyl ( meth ) acrylate copo 
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lymers or methacrylic acid and methylmethacrylate copoly - acrylate copolymers , have a pH - dependent solubility : typi 
mers or methacrylic acid and ethyl acrylate copolymers or cally , the pH triggering the release of the active ingredient 
methacrylic acid copolymers type A , B or C , cellulose from the microparticles is set by the choice and mixture of 
derivatives carrying free carboxylic groups , preferably cel appropriate Eudragit® polymers . In the case of gamma 
lulose acetate phthalate , cellulose acetate succinate , 5 hydroxybutyrate modified release microparticles , the theo 
hydroxypropyl methyl cellulose phthalate , carboxymethyl retical pH triggering the release is preferably from 5 . 5 to ethyl cellulose , cellulose acetate trimellitate , hydroxypropyl 6 . 97 or 6 . 9 , more preferably 6 . 5 up to 6 . 9 . By “ pH trigger " methyl cellulose acetate succinate , polyvinyl acetate phtha is meant the minimum pH above which dissolution of the late , zein , shellac , alginate and mixtures thereof . polymer occurs . In a preferred embodiment , the methacrylic acid copoly - 10 In a particular embodiment , the coating comprises a mers are chosen from the group consisting of poly ( meth hydrophobic compound with a melting point equal or greater acrylic acid , methyl methacrylate ) 1 : 1 or EudragitTM L100 or 
equivalent , poly ( methacrylic acid , ethyl acrylate ) 1 : 1 or than 40° C . and a polymer carrying free carboxylic groups 
EudragitTM L100 - 55 or equivalent and poly ( methacrylic are present in a weight ratio from 0 . 4 or 0 . 5 to 4 , preferably 
acid , methyl methacrylate ) 1 : 2 or EudragitTM S 100 or 15 from 0 . 6 or 0 . 67 to 2 . 5 , most preferably from 0 . 6 or 0 . 67 to 
equivalent . 2 . 33 ; most preferably about 1 . 5 . 

In another subembodiment the coating comprises a poly A particularly suitable coating is composed of a mixture 
mer carrying free carboxylic groups wherein the free car - of hydrogenated vegetable oil and a methacrylic acid copo 
boxylic groups are substantially ionized at pH 7 . 5 . lymer with a theoretical pH triggering the release from 6 . 5 

The hydrophobic compound with a melting point equal or 20 up to 6 . 97 in a weight ratio from 0 . 4 or 0 . 5 to 4 , preferably 
greater than 40° C . can be selected from the group consisting from 0 . 6 or 0 . 67 to 2 . 5 , most preferably from 0 . 6 or 0 . 67 to 
of hydrogenated vegetable oils , vegetable waxes , wax yel - 2 . 33 ; most preferably of about 1 . 5 . 
low , wax white , wax microcrystalline , lanolin , anhydrous The modified release particles of gamma - hydroxybutyrate 
milk fat , hard fat suppository base , lauroyl macrogol glyc - preferably have a volume mean diameter of from 100 to 
erides , polyglyceryl diisostearate , diesters or triesters of 25 1200 microns , from 100 to 500 microns , from 200 to 800 
glycerol with a fatty acid , and mixtures thereof . microns , and preferably of about 320 microns . 

Even more preferably , the hydrophobic compound with a The coating can preferably represent 10 to 50 % , 15 to 
melting point equal or greater than 40° C . is chosen from the 45 % , 20 to 40 % , or 25 to 35 % by weight of the total weight 
group of following products : hydrogenated cottonseed oil , of the coated modified release particles . Preferably , the 
hydrogenated soybean oil , hydrogenated palm oil , glyceryl 30 coating represents 25 - 30 % by weight of the total weight of 
behenate , hydrogenated castor oil , candellila wax , tristearin , the modified release particles of gamma - hydroxybutyrate . 
tripalmitin , trimyristin , yellow wax , hard fat or fat that is In a preferred embodiment , the coating layer of the 
useful as suppository bases , anhydrous dairy fats , lanolin , modified release particles of gamma - hydroxybutyrate is 
glyceryl palmitostearate , glyceryl stearate , lauryl macrogol obtained by spraying , in particular in a fluidized bed appa 
glycerides , polyglyceryl diisostearate , diethylene glycol 35 ratus , a solution , suspension or dispersion comprising the 
monostearate , ethylene glycol monostearate , omega 3 fatty coating composition as defined previously onto the imme 
acids , and mixtures thereof . A particularly preferred sub diate release particles of gamma - hydroxybutyrate , in par 
group of products comprises hydrogenated cottonseed oil , ticular the immediate release particles of gamma - hydroxy 
hydrogenated soybean oil , hydrogenated palm oil , glyceryl butyrate as previously described . Preferably , the coating is 
behenate , hydrogenated castor oil , candelilla wax , tristearin , 40 formed by spraying in a fluidized bed equipped with a 
tripalmitin , trimyristin , beeswax , hydrogenated poly - 1 Wurster or partition tube and according to an upward spray 
decene , carnauba wax , and mixtures thereof . orientation or bottom spray a solution of the coating excipi 

In practice , and without this being limiting , it is preferable ents in hot isopropyl alcohol . 
the hydrophobic compound with a melting point equal or According to a preferred embodiment , the modified 
greater than 40° C . to be chosen from the group of products 45 release particles of gamma - hydroxybutyrate consist of 
sold under the following trademarks : DynasanTM , CutinaTM 10 . 5 % w / w of microcrystalline cellulose spheres with a 
HydrobaseTM , DubTM , CastorwaxTM , CroduretTM , Compri - volume mean diameter of about 95 microns to about 450 
to1TM , SterotexTM , LubritabTM , ApifilTM , AkofineTM , Softi - microns , layered with 56 . 5 % w / w of gamma - hydroxybu 
sanTM , HydrocoteTM , LivopolTM Super HartolanTM tyrate mixed with 3 % w / w of PovidoneTM K30 and finally 
MGLATM , CoronaTM , ProtalanTM , AkosoftTM , Akoso1TM , 50 coated with a coating composition consisting of 18 % w / w of 
CremaoTM , MassupolTM , NovataTM , SuppocireTM , Weco hydrogenated vegetable oil ( LubritabTM or equivalent ) , 4 % 
beeTM , Witepso1TM , LanolinTM , IncromegaTM , EstaramTM , of methacrylic acid copolymer type C ( EudragitTM L100 - 55 
SuppoweissTM , GelucireTM , PrecirolTM , EmulcireTM , Plurol or equivalent ) and 8 % of methacrylic acid copolymer type B 
DiisostéariqueTM , Geleo1TM , HydrineTM , MonthyleTM , Kahl ( EudragitTM S 100 or equivalent ) , all percentages expressed 
waxTM and mixtures thereof ; and , preferably , from the group 55 based on the total weight of the final modified release 
of products sold under the following trademarks : DynasanTM particles of gamma - hydroxybutyrate . 
P60 , DynasanTM114 , DynasanTM116 , DynasanTM118 , According to a preferred embodiment , the modified 
CutinaTM HR , HydrobaseTM 66 - 68 , DubTM HPH , Compri - release particles of gamma - hydroxybutyrate consist of 
tolTM 888 , SterotexTM NF , SterotexTM K , LubritabTM , and 10 . 5 % w / w of microcrystalline cellulose spheres with a 
mixtures thereof . 60 volume mean diameter of about 95 microns to about 170 

A particularly suitable coating is composed of a mixture microns , layered with 56 . 5 % w / w of gamma - hydroxybu 
of hydrogenated vegetable oil and a methacrylic acid copo - tyrate mixed with 3 % w / w of PovidoneTM K30 and finally 
lymer . The exact structure and amount of each component , coated with a coating composition consisting of 18 % w / w of 
and the amount of coating applied to the particle , controls hydrogenated vegetable oil ( LubritabTM or equivalent ) , 4 % 
the release rate and release triggers . Eudragit® methacrylic 65 of methacrylic acid copolymer type C ( EudragitTM L100 - 55 
acid copolymers , namely the methacrylic acid - methyl or equivalent ) and 8 % of methacrylic acid copolymer type B 
methacrylate copolymers and the methacrylic acid - ethyl ( EudragitTM S 100 or equivalent ) , all percentages expressed 
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based on the total weight of the final modified release a coating composition consisting of 15 % w / w of hydroge 
particles of gamma - hydroxybutyrate . nated vegetable oil ( LubritabTM or equivalent ) , 0 . 75 % of 

According to a preferred embodiment , the modified methacrylic acid copolymer type C ( EudragitTM L100 - 55 or 
release particles of gamma - hydroxybutyrate consist of equivalent ) and 9 . 25 % of methacrylic acid copolymer type 
10 . 5 % w / w of microcrystalline cellulose spheres with a 5 B ( EudragitTM S100 or equivalent ) . 
volume mean diameter of about 95 microns to about 450 Packaging 
microns , layered with 56 . 5 % w / w of sodium oxybate mixed The modified release formulation of gamma - hydroxybu with 3 % w / w of PovidoneTM K30 and finally coated with a tyrate is preferably supplied in sachets or stick - packs com coating composition consisting of 18 % w / w of hydrogenated prising a particulate formulation . The sachets are preferably vegetable oil ( LubritabTM or equivalent ) , 4 % of methacrylic 10 available in several different doses , comprising gamma acid copolymer type C ( EudragitTM L100 - 55 or equivalent ) hydroxybutyrate in amounts equivalents to 0 . 5 g , 1 . 0 g , 1 . 5 and 8 % of methacrylic acid copolymer type B ( EudragitTM 
$ 100 or equivalent ) , all percentages expressed based on the g , 3 . 0 g , 4 . 5 g , 6 . 0 g , 7 . 5 g , 9 . 0 g , 10 . 5 g and / or 12 g of 
total weight of the final modified release particles of sodium sodium oxybate . Depending on the dose required , one or 
oxybate . s more of these sachets can be opened , and its contents mixed 

According to a preferred embodiment , the modified with tap water to provide the nightly dose of gamma 
release particles of gamma - hydroxybutyrate consist of hydroxybutyrate . 
10 . 5 % w / w of microcrystalline cellulose spheres with a Methods of Treatment 
volume mean diameter of about 95 microns to about 170 f about 05 microns to about 170 The invention further provides a method of treating a 
microns , layered with 56 . 5 % w / w of sodium oxybate mixed 20 disorder treatable with gamma - hydroxybutyrate in a human 
with 3 % w / w of PovidoneTM K30 and finally coated with a subject in need thereof comprising orally administering a 
coating composition consisting of 18 % w / w of hydrogenated single bedtime daily dose to said human amounts of gamma 
vegetable oil ( LubritabTM or equivalent ) , 4 % of methacrylic hydroxybutyrate equivalent to from 3 . 0 to 12 . 0 g of sodium 
acid copolymer type C ( EudragitTM L100 - 55 or equivalent ) oxybate in the formulation of the present invention . The 
and 8 % of methacrylic acid copolymer type B ( EudragitTM 25 invention further provides methods of treating narcolepsy , 
S100 or equivalent ) , all percentages expressed based on the types 1 and / or 2 , by orally administering at bedtime a 
total weight of the final modified release particles of sodium therapeutically effective amount of a gamma - hydroxybu 
oxybate . tyrate formulation characterized by the novel gamma - hy 

According to another preferred embodiment , the modified droxybutyrate pharmacokinetics or dissolution properties of 
release particles of gamma - hydroxybutyrate consist of 30 the present invention . The modified release formulation of 
11 . 3 % w / w of microcrystalline cellulose spheres with a the present invention is effective to treat narcolepsy Type 1 
volume mean diameter of about 95 microns to about 450 or Type 2 , wherein said treatment of narcolepsy is defined as 
microns , layered with 60 . 5 % w / w of gamma - hydroxybu - reducing excessive daytime sleepiness or reducing the fre 
tyrate mixed with 3 . 2 % w / w of PovidoneTM K30 and finally quency of cataplectic attacks . The therapeutically effective 
coated with a coating composition consisting of 15 % w / w of 35 amount preferably comprises equivalents from 3 . 0 to 12 . 0 g 
hydrogenated vegetable oil ( LubritabTM or equivalent ) , of sodium oxybate , more preferably from to 9 . 0 g of sodium 
0 . 75 % of methacrylic acid copolymer type C ( EudragitTM oxybate , and most preferably 4 . 5 , 6 . 0 , 7 . 5 or 9 . 0 g of sodium 
L100 - 55 or equivalent ) and 9 . 25 % of methacrylic acid oxybate . The effectiveness of the treatment can be measured 
copolymer type B ( EudragitTM S 100 or equivalent ) . by one or any combination of the following criteria : 

According to another preferred embodiment , the modified 40 Increase the mean sleep latency , preferably as determined 
release particles of gamma - hydroxybutyrate consist of on the Maintenance of Wakefulness Test ( MWT ) 
11 . 3 % w / w of microcrystalline cellulose spheres with a Improve the Clinical Global Impression ( CGI ) rating of 
volume mean diameter of about 95 microns to about 170 sleepiness 
microns , layered with 60 . 5 % w / w of gamma - hydroxybu Decrease the number of cataplexy attacks ( NCA ) prefer 
tyrate mixed with 3 . 2 % w / w of PovidoneTM K30 and finally 45 ably determined from the cataplexy frequency item in 
coated with a coating composition consisting of 15 % w / w of the Sleep and Symptoms Daily Diary 
hydrogenated vegetable oil ( LubritabTM or equivalent ) , Decrease the disturbed nocturnal sleep ( DNS ) , the dis 
0 . 75 % of methacrylic acid copolymer type C ( EudragitTM turbed nocturnal events or the adverse respiratory 
L100 - 55 or equivalent ) and 9 . 25 % of methacrylic acid events preferably as determined by polysomnographic 
copolymer type B ( EudragitTM S 100 or equivalent ) . 50 ( PSG ) measures of sleep fragmentation 

According to another preferred embodiment , the modified Decrease the excessive daytime sleepiness ( EDS ) prefer 
release particles of gamma - hydroxybutyrate consist of ably as measured by patient report via the Epworth 
11 . 3 % w / w of microcrystalline cellulose spheres with a Sleepiness Scale ( ESS ) 
volume mean diameter of about 95 microns to about 450 Decrease the daytime sleepiness as measured by the 
microns , layered with 60 . 5 % w / w of sodium oxybate mixed 55 Maintenance of Wakefulness Test based on EEG mea 
with 3 . 2 % w / w of PovidoneTM K30 and finally coated with sures of wakefulness 
a coating composition consisting of 15 % w / w of hydroge Decrease PSG transitions from N / 2 to N / 3 and REM sleep 
nated vegetable oil ( LubritabTM or equivalent ) , 0 . 75 % of to wake and N1 sleep ( as determined by C Iber , S 
methacrylic acid copolymer type C ( EudragitTM L100 - 55 or Ancoli - Israel , A Chesson , SF Quan . The AASM 
equivalent ) and 9 . 25 % of methacrylic acid copolymer type 60 Manual for the Scoring of Sleep and Associated Events . 
B ( EudragitTM S100 or equivalent ) . Westchester , Ill . : American Academy of Sleep Medi 

According to another preferred embodiment , the modified cine ; 2007 ) . 
release particles of gamma - hydroxybutyrate consist of Decrease the number of arousals or wakenings , preferably 
11 . 3 % w / w of microcrystalline cellulose spheres with a obtained from a PSG as defined by the American 
volume mean diameter of about 95 microns to about 170 65 Academy of Sleep Medicine 
microns , layered with 60 . 5 % w / w of sodium oxybate mixed Improve the sleep quality , preferably obtained from one or 
with 3 . 2 % w / w of PovidoneTM K30 and finally coated with more of ( i ) the Sleep and Symptom Daily Diary , ( ii ) 
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Visual Analog Scale ( VAS ) for sleep quality and sleep greater than 60 % of its gamma - hydroxybutyrate at 10 hours 
diary , and ( iii ) VAS for the refreshing nature of sleep when tested in a dissolution apparatus 2 according to USP 38 

Decrease the Hypnagogic Hallucinations ( HH ) or sleep < 711 > in 900 mL of 0 . 1N hydrochloric acid at a temperature 
paralysis ( SP ) symptoms in NT1 narcolepsy patients , of 37° C . and a paddle speed of 75 rpm , and ( d ) the modified 
preferably as measured by the Sleep and Symptom 5 release portion releases greater than 80 % of its gamma 
Daily Diary hydroxybutyrate at 3 hours in a dissolution test started in 750 

In a preferred embodiment , the treatment of the present mL of 0 . 1N hydrochloric acid for 2 hours then switched to 
invention is superior , as measured by any one or combina - 950 mL 0 . 05M monobasic potassium phosphate buffer 
tion of the foregoing criteria , to an equal dose administered adjusted to pH 6 . 8 at a temperature of 37° C . and a paddle 
twice nightly of an immediate release liquid solution of 10 speed of 75 rpm . 
sodium oxybate , with the second dose administered 4 hours In a fourth additional embodiment , the invention provides 
after the first dose . a modified release formulation of gamma - hydroxybutyrate , 

The invention further provides a method of treatment of preferably comprising immediate release and modified 
narcolepsy Type 1 or Type 2 wherein , compared to a dosing release portions , wherein the formulation releases ( a ) at least 
regimen consisting of administering half the dose at to and 15 80 % of its gamma - hydroxybutyrate at 3 hours when tested 
another half of the dose at tan of an immediate release liquid in a dissolution apparatus 2 according to USP 38 < 711 > in 
solution of sodium oxybate , a single bedtime daily dose 900 mL of 0 . 05M monobasic potassium phosphate buffer pH 
administration of a therapeutically effective amount of the 6 . 8 at a temperature of 37° C . and a paddle speed of 75 rpm , 
formulation of the invention has been shown to produce less and ( b ) from 40 % to 65 % , of its gamma - hydroxybutyrate at 
confusion , less depressive syndrome , less incontinence , less 20 one hour and three hours when tested in a dissolution 
nausea or less sleepwalking . apparatus 2 according to USP 38 < 711 > in 900 mL of 0 . 1N 
Additional Embodiments hydrochloric acid at a temperature of 37° C . and a paddle 

In one additional embodiment , the invention provides a speed of 75 rpm . 
modified release formulation of gamma - hydroxybutyrate , In a fifth additional embodiment , the invention provides a 
preferably comprising immediate release and modified 25 modified release formulation of gamma - hydroxybutyrate , 
release portions , wherein the formulation releases ( a ) at least comprising immediate release and modified release portions , 
80 % of its gamma - hydroxybutyrate at 1 hour when tested in wherein ( a ) the formulation releases at least 80 % of its 
a dissolution apparatus 2 according to USP 38 < 711 > in 900 gamma - hydroxybutyrate at 3 hour3 when tested in a disso 
mL of 0 . 05M monobasic potassium phosphate buffer pH 6 . 8 lution apparatus 2 according to USP 38 < 711 > in 900 mL of 
at a temperature of 37° C . and a paddle speed of 75 rpm , and 30 0 . 05M monobasic potassium phosphate buffer pH 6 . 8 at a 
( b ) from 10 % to 65 % , of its gamma - hydroxybutyrate at one temperature of 37° C . and a paddle speed of 75 rpm , ( b ) the 
hour and three hours when tested in a dissolution apparatus formulation releases from 40 % to 65 % of its gamma 
2 according to USP 38 < 711 > in 900 mL of 0 . 1N hydro - hydroxybutyrate at one hour and three hours when tested in 
chloric acid at a temperature of 37° C . and a paddle speed a dissolution apparatus 2 according to USP 38 < 711 > in 900 
of 75 rpm . 35 mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and 

In a second additional embodiment , the invention pro - a paddle speed of 75 rpm , and ( c ) the modified release 
vides a modified release formulation of gamma - hydroxybu portion releases greater than 80 % of its gamma - hydroxybu 
tyrate , comprising immediate release and modified release tyrate at 3 hours in a dissolution test started in 750 mL of 
portions , wherein ( a ) the formulation releases at least 80 % 0 . 1N hydrochloric acid for 2 hours then switched to 950 mL 
of its gamma - hydroxybutyrate at 1 hour when tested in a 40 0 . 05M monobasic potassium phosphate buffer adjusted to 
dissolution apparatus 2 according to USP 38 < 711 > in 900 pH 6 . 8 at a temperature of 37° C . and a paddle speed of 75 
mL of 0 . 05M monobasic potassium phosphate buffer pH 6 . 8 rpm . 
at a temperature of 37° C . and a paddle speed of 75 rpm , ( b ) In a sixth additional embodiment , the invention provides 
the formulation releases from 10 % to 65 % of its gamma - a modified release formulation of gamma - hydroxybutyrate , 
hydroxybutyrate at one hour and three hours when tested in 45 comprising immediate release and modified release portions , 
a dissolution apparatus 2 according to USP 38 < 711 > in 900 wherein ( a ) the formulation releases at least 80 % of its 
mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and gamma - hydroxybutyrate at 3 hours when tested in a disso 
a paddle speed of 75 rpm , and ( c ) the modified release lution apparatus 2 according to USP 38 < 711 > in 900 mL of 
portion releases greater than 80 % of its gamma - hydroxybu 0 . 05M monobasic potassium phosphate buffer pH 6 . 8 at a 
tyrate at 3 hours in a dissolution test started in 750 mL of 50 temperature of 37° C . and a paddle speed of 75 rpm , ( b ) the 
0 . 1N hydrochloric acid for 2 hours then switched to 950 mL formulation releases 40 % to 65 % , of its gamma - hydroxy 
0 . 05M monobasic potassium phosphate buffer adjusted to butyrate at one hour and at three hours when tested in a 
pH 6 . 8 at a temperature of 37° C . and a paddle speed of 75 dissolution apparatus 2 according to USP 38 < 711 > in 900 

mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and 
In a third additional embodiment , the invention provides 55 a paddle speed of 75 rpm , ( c ) the formulation releases 

a modified release formulation of gamma - hydroxybutyrate , greater than 60 % of its gamma - hydroxybutyrate at 10 hours 
comprising immediate release and modified release portions , when tested in a dissolution apparatus 2 according to USP 38 
wherein ( a ) the formulation releases at least 80 % of its < 711 > in 900 mL of 0 . 1N hydrochloric acid at a temperature 
gamma - hydroxybutyrate at 1 hour when tested in a disso - of 37° C . and a paddle speed of 75 rpm , and ( d ) the modified 
lution apparatus 2 according to USP 38 < 711 > in 900 mL of 60 release portion releases greater than 80 % of its gamma 
0 . 05M monobasic potassium phosphate buffer pH 6 . 8 at a hydroxybutyrate at 3 hours in a dissolution test started in 750 
temperature of 37° C . and a paddle speed of 75 rpm , ( b ) the mL of 0 . 1N hydrochloric acid for 2 hours then switched to 
formulation releases 10 % to 65 % , of its gamma - hydroxy - 950 mL 0 . 05M monobasic potassium phosphate buffer 
butyrate at one hour and at three hours when tested in a adjusted to pH 6 . 8 at a temperature of 37° C . and a paddle 
dissolution apparatus 2 according to USP 38 < 711 > in 900 65 speed of 75 rpm . 
mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and In a seventh additional embodiment , the invention pro 
a paddle speed of 75 rpm , ( c ) the formulation releases vides a modified release formulation of gamma - hydroxybu 

rpm . 
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tyrate , preferably comprising immediate release and modi Briefly , sodium oxybate immediate release ( IR ) micropar 
fied release portions , wherein the formulation releases ( a ) at ticles were prepared as follows : 1615 . 0 g of sodium oxybate 
least 80 % of its gamma - hydroxybutyrate at 1 hour when and 85 . 0 g of polyvinylpyrrolidone ( Povidone K30 Plas 
tested in a dissolution apparatus 2 according to USP 38 doneTM K29 / 32 from ISP ) were solubilized in 1894 . 3 g of 
< 711 > in 900 mL of 0 . 05M monobasic potassium phosphate 5 absolute ethyl alcohol and 1262 . 9 g of water . The solution 
buffer pH 6 . 8 at a temperature of 37° C . and a paddle speed was entirely sprayed onto 300 g of microcrystalline cellulose 
of 75 rpm , and ( b ) from 40 % to 65 % , of its gamma spheres ( CelletsTM 127 ) in a fluid bed spray coater apparatus . 
hydroxybutyrate at one hour and three hours when tested in IR Microparticles with volume mean diameter of about 270 

microns were obtained . a dissolution apparatus 2 according to USP 38 < 711 > in 900 
mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and and 10 Sodium oxybate modified release ( MR ) microparticles 

were prepared as follows : 22 . 8 g of methacrylic acid copo a paddle speed of 75 rpm . lymer Type C ( EudragitTM L100 - 55 ) , 45 . 8 g of methacrylic In a eighth additional embodiment , the invention provides acid copolymer Type B ( EudragitTM S 100 ) , 102 . 9 g of a modified release formulation of gamma - hydroxybutyrate , hydrogenated cottonseed oil ( LubritabTM ) , were dissolved in comprising immediate release and modified release portions , 15 1547 000 lease portions , 15 1542 . 9 g of isopropanol at 78° C . The solution was sprayed 
wherein ( a ) the formulation releases at least 80 % of its entirely onto 400 . 0 g of the sodium oxybate IR micropar 
gamma - hydroxybutyrate at 1 hour when tested in a disso - ticles described above in a fluid bed spray coater apparatus 
lution apparatus 2 according to USP 38 < 711 > in 900 mL of with an inlet temperature of 48° C . , spraying rate around 11 
0 . 05M monobasic potassium phosphate buffer pH 6 . 8 at a gper min and atomization pressure of 1 . 3 bar . MR micropar 
temperature of 37° C . and a paddle speed of 75 rpm , ( b ) the 20 ticles were dried for two hours with inlet temperature set to 
formulation releases from 40 % to 65 % of its gamma - 56° C . MR microparticles with mean volume diameter of 
hydroxybutyrate at one hour and three hours when tested in about 320 microns were obtained . 
a dissolution apparatus 2 according to USP 38 < 711 > in 900 The finished composition , which contains a 50 : 50 mixture 
mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and of MR and IR microparticles calculated on their sodium 
a paddle speed of 75 rpm , and ( c ) the modified release 25 oxybate content , was prepared as follows : 353 . 36 g of the 
portion releases greater than 80 % of its gamma - hydroxybu - above IR microparticles , 504 . 80 g of the above MR 
tyrate at 3 hours in a dissolution test started in 750 mL of microparticles , 14 . 27 g of malic acid ( D / L malic acid ) , 6 . 34 
0 . 1N hydrochloric acid for 2 hours then switched to 950 mL g of xanthan gum ( XanturalTM 75 from Kelco ) , 9 . 51 g of 
0 . 05M monobasic potassium phosphate buffer adjusted to carrageenan gum ( ViscarinTM PH209 from FMC Biopoly 
pH 6 . 8 at a temperature of 37° C . and a paddle speed of 75 30 mer ) , 9 . 51 g of hydroxyethylcellulose ( Natroso1TM 250M 
rpm . from Ashland ) and 4 . 51 g of magnesium stearate were 

In a ninth additional embodiment , the invention provides mixed . Individual samples of 7 . 11 g ( corresponding to a 4 . 5 
a modified release formulation of gamma - hydroxybutyrate , g dose of sodium oxybate with half of the dose as imme 
comprising immediate release and modified release portions , diate - release fraction and half of the dose as modified 
wherein ( a ) the formulation releases at least 80 % of its 35 release fraction ) were weighed . 
gamma - hydroxybutyrate at 1 hour when tested in a disso 
lution apparatus 2 according to USP 38 < 711 > in 900 mL of TABLE la 
0 . 05M monobasic potassium phosphate buffer pH 6 . 8 at a 
temperature of 37° C . and a paddle speed of 75 rpm , ( b ) the Composition of IR Microparticles 
formulation releases 40 to 65 % , of its gamma - hydroxybu - 40 Component Function Quantity per 2 . 25 g dose ( g ) 
tyrate at one hour and at three hours when tested in a 
dissolution apparatus 2 according to USP 38 < 711 > in 900 Sodium oxybate Drug substance 2 . 25 

Microcrystalline Core 0 . 418 mL of 0 . 1N hydrochloric acid at a temperature of 37° C . and cellulose spheres 
a paddle speed of 75 rpm , ( c ) the formulation releases Povidone K30 Binder and excipient 0 . 118 
greater than 60 % of its gamma - hydroxybutyrate at 10 hours 45 in diffusion coating 
when tested in a dissolution apparatus 2 according to USP 38 Ethyl alcohol Solvent Eliminated during processing 

Purified water Solvent Eliminated during processing < 711 > in 900 mL of 0 . 1N hydrochloric acid at a temperature 
of 37° C . and a paddle speed of 75 rpm , and ( d ) the modified 2 . 786 
release portion releases greater than 80 % of its gamma 
hydroxybutyrate at 3 hours in a dissolution test started in 750 50 
mL of 0 . 1N hydrochloric acid for 2 hours then switched to TABLE 1b 950 mL 0 . 05M monobasic potassium phosphate buffer 
adjusted to pH 6 . 8 at a temperature of 37° C . and a paddle Composition of MR Microparticles 
speed of 75 rpm . 

55 Quantity per 
EXAMPLES Component Function 4 . 5 g dose ( g ) 

IR Microparticles Core of MR 2 . 786 
Example 1 microparticles 

Hydrogenated Vegetable Oil Coating excipient 0 . 716 
Methacrylic acid Copolymer Formulations 0 . 159 Coating excipient 
Type C 
Methacrylic acid Copolymer Coating excipient 0 . 318 

Tables la - 1d provide the qualitative and quantitative Type B 
compositions of sodium oxybate IR microparticles , MR Isopropyl alcohol Solvent Eliminated during 
microparticles , and mixtures of IR and MR microparticles . processing 

The physical structure of the microparticles showing the 65 Total 3 . 981 
qualitative and quantitative composition of the IR and MR 
microparticles is depicted in FIG . 1 . 

Total 

60 
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TABLE 1c TABLE 1bis - a 
Oualitative Finished Composition Composition of IR Microparticles 

Quantity per 
4 . 5 g dose ( g ) Component Function 5 Quantity per 

2 . 25 g dose ( g ) Component Function MR microparticles 3 . 981 

IR microparticles 2 . 786 
Drug substance 
Core 

2 . 25 
0 . 418 

Sodium oxybate 
Microcrystalline cellulose 
spheres 
Povidone K30 

Modified release fraction 
of sodium oxybate 
Immediate release fraction 
of sodium oxybate 
Acidifying agent 
Suspending agent 
Suspending agent 
Suspending agent 
Lubricant 

Malic acid 
Xanthan gum 
Hydroxyethylcellulose 
Carrageenan gum 
Magnesium stearate 

0 . 118 
0 . 113 
0 . 050 
0 . 075 
0 . 075 
0 . 036 

Binder and excipient in 
diffusion coating 
Top coat 
Solvent 

Hydroxypropyl cellulose 
Ethyl alcohol 

Total 7 . 116 
Purified water Solvent 

0 . 310 
Eliminated during 

processing 
Eliminated during 

processing 
Eliminated during 

processing 
Acetone Solvent 

TABLE id 
Quantitative finished composition 

Total 3 . 096 
Quantity per 

4 . 5 g dose ( g ) Component Function 

TABLE 1bis - b 
25 

Qualitative Finished Composition 

Sodium oxybate 
Microcrystalline cellulose spheres 
Povidone K30 
Hydrogenated Vegetable Oil 
Methacrylic acid Copolymer Type C 
Methacrylic acid Copolymer Type B 
Malic acid 
Xanthan gum 
Hydroxyethylcellulose 
Carrageenan gum 
Magnesium stearate 

Drug substance 
Core 
Binder 
Coating excipient 
Coating excipient 
Coating excipient 
Acidifying agent 
Suspending agent 
Suspending agent 
Suspending agent 
Lubricant 

4 . 5 
0 . 836 
0 . 237 
0 . 716 
0 . 159 
0 . 318 
0 . 113 
0 . 050 
0 . 075 
0 . 075 
0 . 036 

Quantity per 
4 . 5 g dose ( g ) Component Function 

30 3 . 981 

3 . 096 

MR microparticles Modified release fraction of 
sodium oxybate 

IR microparticles Immediate release fraction of 
sodium oxybate 

Malic acid Acidifying agent 
Xanthan gum Suspending agent 
Colloidal silicon dioxide Gliding agent 
Magnesium stearate Lubricant 

Total 7 . 116 0 . 225 
0 . 037 
0 . 037 
0 . 075 35 

Example 1bis : Total 7 . 451 

Alternative Formulation 
40 

0 . 159 

TABLE 1bis - c An alternative formulation to the formulation described in 
example 1 is described in Example 1bis . Quantitative finished composition 

Sodium oxybate immediate release ( IR ) microparticles 
were prepared by coating the IR microparticles described in Quantity per 

Component Function 4 . 5 g dose ( g ) example 1 with a top coat layer . Microparticles were pre - 45 
pared as follows : 170 . 0 of hydroxypropyl cellulose ( Klu Sodium oxybate Drug substance 4 . 5 

Microcrystalline cellulose spheres Core 0 . 836 celTM EF Pharm from Hercules ) were solubilized in 4080 . 0 Povidone K30 Binder 0 . 237 
g of acetone . The solution was entirely sprayed onto 1530 . 0 Hydroxypropyl cellulose Top coat 0 . 310 
g of the IR microparticles of Example 1 in a fluid bed spray Hydrogenated Vegetable Oil Coating excipient 0 . 716 
coater apparatus . IR Microparticles with volume mean 50 Methacrylic acid Copolymer Type C Coating excipient 

Methacrylic acid Copolymer Type B Coating excipient 0 . 318 
diameter of about 298 microns were obtained ( see Table Malic acid Acidifying agent 0 . 225 
1bis - a ) . Xanthan gum Suspending agent 0 . 037 

Sodium oxybate modified release ( MR ) microparticles Colloidal silicon dioxide Gliding agent 0 . 037 
Magnesium stearate Lubricant 0 . 075 were prepared as described in example 1 ( see Table 1b ) . 

The finished composition , which contains a 50 : 50 mixture » Total 7 . 451 
of MR and IR microparticles based on their sodium oxybate 
content , was prepared as follows : 412 . 22 g of the above IR 
microparticles , 530 . 00 g of the above MR microparticles , Compared to the finished composition described in 
29 . 96 g of malic acid ( D / L malic acid ) , 4 . 96 g of xanthan 60 example 1 , this alternative composition has the following 
gum ( XanturalTM 75 from Kelco ) , 4 . 96 g of colloidal silicon characteristics : same MR microparticles , same IR micropar 
dioxide ( AerosilTM 200 from Degussa ) and 9 . 92 g of mag ticles but with a top coat , increased amount of malic acid , 
nesium stearate were mixed . Individual samples of 7 . 45 g only one suspending agent ( xanthan gum ) and presence of a 
( corresponding to a 4 . 5 g dose of sodium oxybate with half gildant . 
of the dose in an immediate - release fraction and half of the 65 Finished compositions from Example 1 and 1bis exhibit 
dose in a modified release fraction ) were weighed ( see Table substantially the same in - vitro dissolution profiles ( see 
1bis - b and 1bis - c ) . FIGS . 7 and 8 ) . 

nt 
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Example 2 

In Vitro Release Profiles of IR , MR and Finished 
Compositions of Formulations of Examples 1 and 

The release profile of the MR microparticles is shown in 
FIG . 3 and Table 2c . The sodium oxybate was not released 
in the 0 . 1N HCl dissolution medium during two hours . After 
the switch to pH 6 . 8 dissolution medium , all the sodium 

5 oxybate was released within 30 minutes . 1bis 

TABLE 2c 

10 

Dissolution Testing of IR Microparticles 
The dissolution profile of 2786 mg of IR microparticles of 

Example 1 , corresponding to 2250 mg of sodium oxybate 
per vessel , was determined in 0 . 1N HC1 dissolution medium 
using a USP apparatus 2 . Dissolution medium temperature 
was maintained at 37 . 0 + 0 . 5° C . , and the rotating paddle 
speed was set at 100 rpm . The release profile of the IR 
microparticles is shown in FIG . 2 and Table 2a . All the 
sodium oxybate was released at 1 hour . 

Percent Sodium Oxybate Released in two sequential 
dissolution media ( 0 . 1 HCl for 2 hours , then phosphate 

buffer pH 6 . 8 ) for MR microparticles of sodium 
oxybate prepared according to Example 1 

Time ( h ) % released 

15 

OWN 20 

94 

TABLE 2a 2 . 25 
2 . 5 

103 Percent Sodium Oxybate Released in 0 . 1N HCl for IR microparticles 104 of sodium oxybate prepared according to Example 1 
103 

Time ( min ) % released 
FIG . 4 overlays the dissolution profile of the MR 

microparticles of Example 1 with the dissolution profile for 
MR microparticles reported in Supernus U . S . Pat . No . 
8 , 193 , 211 , FIG . 3 . It shows that the dissolution profiles are 
different and that the MR microparticles according to the 
present invention release greater than 80 % of their sodium 

Dissolution Testing of IR Microparticles from Example 1bis oxybate at 3 hours , whereas the MR microparticles 
The dissolution profile of 3096 mg of IR microparticles of 30 described in Supernus U . S . Pat . No . 8 , 193 , 211 , FIG . 3 do not 

Example 1bis , corresponding to 2250 mg of sodium oxybate and exhibit a much slower release profile . 
per vessel , was determined in 0 . 1N HC1 dissolution medium Dissolution Testing of Finished Composition According to 
using a USP apparatus 2 . Dissolution medium temperature Example 1 in Deionized Water 
was maintained at 37 . 0 + 0 . 5° C . , and the rotating paddle The dissolution profile of the quantity equivalent to 4 . 5 g 
speed was set at 100 rpm . The release profile of the IR 35 sodium oxybate of the finished composition according 
microparticles is shown in FIG . 2 and Table 2b . All the Example 1 was determined in 900 mL of deionized water 
sodium oxybate was released at 1 hour . using the USP apparatus 2 . The dissolution medium was 

maintained at 37 . 0 - 0 . 5° C . and the rotating paddle speed 
TABLE 2b was fixed at 50 rpm . The release profile is shown in FIG . 5 

40 
Percent Sodium Oxybate Released in 0 . 1N HCl for IR microparticles and Table 2d . The IR fraction of sodium oxybate was 

of sodium oxybate prepared according Example 1bis solubilized in 15 minutes . The release of sodium oxybate 
from the modified - release fraction started after approxi 

Time ( min ) % Released mately 4 hours with 90 % of the total dose released at 6 
? 45 hours . 
?? 91 

99 
100 
101 
100 

TABLE 2d 
Percent Sodium Oxybate Released in deionized water for finished 
composition of sodium oxybate prepared according to Example 1 

50 
Dissolution Testing of MR Microparticles from Example Time ( h ) % released 
1 Protocol ( 2 h 0 . 1N HC1 / Phosphate Buffer pH 6 . 8 ) 
49 . 1 g of MR microparticles from Example 1 were mixed 0 . 25 

with 0 . 5 g of magnesium stearate ( from Peter Graven ) and 
0 . 25 g of colloidal silicon dioxide ( AerosilTM 200 from 55 
Evonik ) . The dissolution profile of 4040 mg of the mixture 
which corresponds to 2250 mg of sodium oxybate per vessel 
was determined using the USP apparatus 2 . Dissolution 
medium temperature was maintained at 37 . 0 + 0 . 5° C . , and 
the rotating paddle speed was set at 75 rpm . 60 

After 2 hours in 750 mL of 0 . 1N HCl medium , 6 . 5 g of 
monobasic potassium phosphate was added to the dissolu An overlay of the release profile of the finished formu 
tion vessel . pH and volume were then respectively adjusted lation of Example 1 versus that reported in USP 2012 / 
to 6 . 8 and 950 mL , as needed by the addition of NaOH and 0076865 FIG . 2 is shown in FIG . 6 . It shows that the 
water . The potassium phosphate concentration was equal to 65 dissolution profiles are different . The formulation described 
0 . 05 M in the dissolution medium after pH and volume in USP 2012 / 0076865 FIG . 2 does not exhibit a lag phase 
adjustment . after the dissolution of the immediate release part . 

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 219 of 254 PageID #: 11494



US 10 , 272 , 062 B2 
53 54 

TABLE 2g 
Percent Sodium Oxybate Released in 0 . 1N HCl Dissolution Medium 
for four batches of finished compositions , two prepared according 

to Example 1 and two prepared according to Example 1bis 

Release Testing of Different Batches of MR Microparticles 
and Finished Dosage Forms 

In vitro release profiles obtained in 900 mL of 0 . 1N HCI 
dissolution medium for different batches of modified release 
( MR ) microparticles prepared according to Example 1 are 5 
described below in Table 2e . The dissolution profile of 4040 
mg of microparticles corresponding to 2250 mg of sodium 
oxybate per vessel is determined using the USP apparatus 2 . 
Dissolution medium temperature was maintained at 
37 . 0 + 0 . 5° C . , and the rotating paddle speed was set at 100 
rpm . 

Time ( hour ) Example 1bis Example 1bis Example 1 Example 1 
0 0 

0 . 25 Nd Nd 
0 

52 
Nd 

50 
Nd 50 

50 54 51 
50 54 

? 52 
61 WOWN Nd ? ?? ? 

TABLE 2e 86 90 
88 96 ? 

Nd 

1 . 0 2 . 59 

Percent Sodium Oxybate Released in 0 . 1N HCI Dissolution Medium 15 Nd 99 
from different manufacturing lots of MR Particles of Example 1 

Nd : not determined Time Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 Lot 6 Lot 7 Lot 8 
0 . 25 2 . 22 0 . 62 0 . 42 0 . 86 0 . 56 1 . 03 0 . 69 0 . 26 FIG . 8 and Table 2h depict dissolution profiles determined 

1 . 14 1 . 23 1 . 48 0 . 96 2 . 15 1 . 43 0 . 97 20 using a USP apparatus 2 in a 900 mL phosphate buffer pH 
2 . 00 3 . 07 1 . 71 2 . 09 1 . 94 1 . 36 3 . 16 2 . 17 1 . 39 6 . 8 dissolution medium for four finished compositions pre 

3 . 55 2 . 31 2 . 75 2 . 29 1 . 76 4 . 08 2 . 82 1 . 80 pared according to Example 1 or lbis . The dissolution 4 . 0 4 . 23 3 . 03 3 . 53 2 . 75 2 . 18 4 . 92 3 . 50 2 . 31 
7 . 997 . 68 8 . 69 5 . 33 3 . 78 7 . 52 5 . 70 8 . 10 medium was maintained at 37 . 0 + 0 . 5º C . and the rotating 

8 . 0 37 . 44 33 . 84 33 . 84 26 . 20 17 . 00 21 . 59 21 . 02 37 . 27 paddle speed was fixed at 100 rpm . It shows that the 
77 . 09 69 . 85 65 . 51 61 . 77 49 . 89 50 . 98 53 . 48 67 . 64 7 . 64 25 composition according to the invention releases more than 
91 . 26 85 . 72 84 . 25 83 . 55 77 . 65 75 . 68 78 . 00 82 . 66 - 80 % of its sodium oxybate at 3 hours . 16 96 . 15 90 . 48 95 . 35 97 . 34 96 . 94 95 . 19 96 . 17 90 . 35 

10 
12 

TABLE 2h 

Percent Sodium Oxybate Released in phosphate buffer 
pH 6 . 8 Dissolution Medium for four batches of finished 
compositions , two prepared according to Example 1 

and two prepared according to Example 1bis 

Time ( hour ) Example 1bis Example 1bis Example 1 Example 1 

In vitro release profiles obtained in 0 . 1N HCl for three 
batches of finished composition comprising IR ( 50 % w / w 30 
sodium oxybate dose ) and MR microparticles ( 50 % w / w 
sodium oxybate dose ) , prepared as described in Example 1 , 
are provided in Table 2f . The sodium oxybate dose per 
vessel was 4 . 5 g , 6 g and 7 . 5 g respectively and dissolution 
was determined in 900 mL of 0 . 1N HCl dissolution medium 35 
using the USP apparatus 2 . The dissolution medium was 
maintained at 37 . 0 + 0 . 5º C . and the rotating paddle speed 
was fixed at 100 rpm . Single dose units were poured in a 
container containing 50 mL of tap water . After 5 minutes , the 
suspension was poured in the dissolution vessel containing 40 
840 mL of 0 . 1N HC1 dissolution medium . 10 mL of water 
were used to rinse the container and were added to the 
dissolution vessel . 

Nd 0 . 25 
0 . 5 

75 
Nd 
100 

1 . 5 106 

99 
101 
101 
100 
103 
103 
102 
103 
103 
101 
Nd 
Nd 

Nd 
98 
101 
101 
100 
100 
100 
99 
99 
99 
99 

Nd 
Nd 
Nd 
101 
101 
101 
101 
100 
99 

84 
Nd 
102 
108 
Nd 
Nd 
Nd 
102 
105 
Nd 
102 
101 
98 

16 Nd 
45 TABLE 2f 20 Nd 

50 
50 anawao a ww 

Percent Sodium Oxybate Released in 0 . 1N HCI Dissolution Nd : not determined 
Medium for three batches of finished composition 

prepared according to Example 1 Release Testing of MR Microparticles and Finished Com 
positions Effect of Paddle Speed : 

Time ( hour ) Batch 1 Batch 2 Batch 3 FIG . 9 and Table 2i depict dissolution profiles in 0 . 1N 
HCl of a batch of MR microparticles prepared according to 
Example 1 . The dissolution profile of 4040 mg of micropar 
ticles corresponding to 2250 mg of sodium oxybate per 
vessel was determined using the USP apparatus 2 . The 
dissolution medium temperature was maintained at 
37 . 0 + 0 . 5° C . , and the rotating paddle speed was set at 75 or 
100 rpm . 

FIG . 7 and Table 2 g depict dissolution profiles deter 
mined using a USP apparatus 2 in a 900 mL in 0 . 1N HC1 60 TABLE 2i 
dissolution medium of four finished compositions , two Percent Sodium Oxybate Released in 0 . 1N HCl Dissolution Medium 
prepared according to Example 1 and two prepared accord for MR microparticles prepared according to Example 1 
ing to Example 1bis . The dissolution medium was main 
tained at 37 . 0 + 0 . 5º C . and the rotating paddle speed was Time ( hour ) 75 rpm 100 rpm 
fixed at 100 rpm . It shows that the composition according to 65 
the invention releases from 10 to 65 % of its sodium oxybate 0 . 25 

at 1 and 3 hours and releases greater than 60 % at 10 hours . 
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TABLE 2i - continued Example 3 

Percent Sodium Oxybate Released in 0 . 1N HCI Dissolution Medium 
for MR microparticles prepared according to Example 1 

In Vivo Pharmacokinetic Study of Finished 
Composition According to Example 1bis 

a ai o O au N N SuwNN 
Time ( hour ) 75 rpm 100 rpm Pharmacokinetic testing was undertaken in vivo in 

healthy human volunteers according to the principles 
described in FDA ' s March 2003 Guidance for Industry on 
BIOAVAILABILITY AND BIOEQUIVALENCE STUDIES 
FOR ORALLY ADMINISTERED DRUG PRODUCTS 
GENERAL CONSIDERATIONS . All testing was per 
formed in subjects two hours after eating a standardized 
dinner . Xyrem doses were administered in two equipotent 
doses four hours apart . All other tested doses were manu 
factured as described in Example 1bis . The standardized 
dinner consisted of 25 . 5 % fat , 19 . 6 % protein , and 54 . 9 % 
carbohydrates . FIG . 10 and Table 2j depict dissolution profiles in 0 . 1N The finished composition of Example 1bis given as a 4 . 5 HCl of a finished composition prepared according to g once - nightly dose rather than a standard Xyrem dosing 

Example 1 . The dose per vessel was 4 . 5 g and dissolution twice ( 2x2 . 25 g ) nightly 4 hours apart , produced a dramati 
was determined in 900 mL of dissolution medium using the 20 cally different pharmacokinetic profile than Xyrem as 
USP apparatus 2 . The dissolution medium temperature was shown in FIG . 11 . As summarized below ( Tables 3a and 3b ) , maintained at 37 . 0 - 0 . 5° C . and the rotating paddle speed 4 . 5 g nighttime doses of finished composition of the inven 
was set at 75 or 100 rpm . tion equivalent to twice - nightly doses of Xyrem® ( 2x2 . 25 g ) 

Single dose units were poured in a container containing of provided somewhat less total exposure to sodium oxybate 
50 mL of tap water . After 5 minutes , the suspension was with a later median TM than the initial Xyrem dose . The 
poured in the dissolution vessel containing 840 mL of 0 . 1N relative bioavailability was about 88 % . Composition accord 
HC1 medium . 10 mL of water were used to rinse the ing to the invention avoids the high second - dose peak 
container and were added to the dissolution vessel . concentration of Xyrem® and therefore does not exhibit the 

substantial between - dose fluctuations in concentration , 
while achieving a comparable mean Coh : TABLE 21 

MAX 

30 

TABLE 3a Percent Sodium Oxybate Released in 0 . 1N HCl Dissolution Medium 
for finished composition prepared according to Example 1 

Pharmacokinetic Parameters of finished composition 
of Example 1bis vs . Xvrem ? Time ( hour ) 75 rpm 100 rpm 35 

Mean Cmax 
( ug / mL ) 
( % CV ) 

Mean 
AUCinf 

( h * ug / mL ) 

Median Tmax 
( hour ) ( min 
max ) GEWOO 44 . 35 ( 38 ) 40 188 . 88 ( 44 ) inni va 1 . 5 ( 0 . 5 - 4 ) Finished composition 

of Example 1bis 4 . 5 g 
Xyrem ® 2 x 2 . 25 g 214 . 32 ( 48 ) 1st dose : 

33 . 41 ( 41 ) 
2nd dose : 
65 . 91 ( 40 ) 

1st dose : 
1 . 00 ( 0 . 5 - 2 ) 
2nd dose : 

4 . 50 ( 4 . 33 - 6 . 5 ) 
97 
98 

TABLE 3b 

Mean plasma concentration of gamma - hydroxybutyrate ( microgram / mL ) versus 
time of finished composition of Example 1bis and Xyrem ® 

Finished composition Finished composition 
Example 1bis 4 . 5 g Example 1bis 6 . 0 g 

( 2 h after meal ) pooled ( 2 h after meal ) pooled 
mean ( N = 26 ) mean ( N = 19 ) 

Finished composition 
Example 1bis 7 . 5 g 

( 2 h after meal ) 
( N = 11 ) 

Xyrem ® 
( 2 x 2 . 25 g ) 

part I ( N = 15 ) Time ( hour ) 

0 . 5 
0 . 00 

27 . 44 
28 . 97 
26 . 12 
21 . 11 

1 . 5 

?? 

0 . 00 
29 . 31 
34 . 93 
36 . 63 
36 . 78 
33 . 35 
30 . 28 
27 . 30 
23 . 66 
19 . 89 
16 . 55 
13 . 62 
12 . 40 
11 . 25 

0 . 00 
36 . 44 
49 . 97 
54 . 66 
54 . 82 
53 . 05 
50 . 25 
47 . 22 
43 . 06 
39 . 13 
34 . 28 
32 . 11 
25 . 84 
22 . 36 

0 . 00 
43 . 19 
63 . 32 
73 . 40 
67 . 96 
66 . 59 
62 . 13 
59 . 45 
57 . 40 
50 . 85 
45 . 09 
44 . 94 
42 . 36 
41 . 02 

3 . 5 
4 
4 . 5 

13 . 93 
10 . 25 
6 . 92 

57 . 33 
52 . 27 
43 . 55 
35 . 20 
27 . 44 

5 . 5 

6 . 5 
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58 

Mean plasma concentration of gamma - hydroxybutyrate ( microgram / mL ) versus 
time of finished composition of Example 1bis and Xyrem ® 

Finished composition Finished composition 
Example 1bis 4 . 5 g Example 1bis 6 . 0 g 

( 2 h after meal ) pooled ( 2 h after meal ) pooled 
mean ( N = 26 ) mean ( N = 19 ) 

Finished composition 
Example 1bis 7 . 5 g 

( 2 h after meal ) 
( N = 11 ) 

Xyrem ® 
( 2 x 2 . 25 g ) 

part I ( N = 15 ) Time ( hour ) 

7 . 5 
11 . 27 

9 . 65 
6 . 86 
1 . 08 
NC 

18 . 07 
15 . 41 
12 . 80 
2 . 38 
0 . 52 

40 . 76 
35 . 83 
30 . 94 

7 . 99 
1 . 47 

19 . 36 
13 . 88 
9 . 24 
2 . 64 
NC 

10 

NC : Not Calculated 
15 

The pharmacokinetic profile of a single 6 g dose of Example 4 
finished composition produced according to Example 1bis 
was also tested and found to have a similar pharmacokinetic 
profile as the 4 . 5 g dose . FIG . 12 provides a pharmacokinetic Alternative Formulation 
profile comparison of a single 4 . 5 g or 6 g dose of finished 20 
composition according to Example 1bis in the same 7 Tables 4a - 4d provide the qualitative and quantitative 
subjects . The pharmacokinetic profile for a 7 . 5 g dose of compositions of IR microparticles , MR microparticles , and 
finished formulation produced according to Example ibis mixtures of IR and MR microparticles . The physical struc 
was also obtained . FIG . 13 and Table 3c provide data on av ture of the microparticles showing the qualitative and quan 
single 4 . 5 g , 6 g and 7 . 5 g dose , showing effects on Tmax - titative composition of the IR and MR microparticles is 
Cmax , Cgh , AUCgh and AUCinf related to dose strength . The depicted in FIG . 15 . 7 . 5 g dose achieved a mean Con equal to about 31 micro 
gram / mL which represents approximately 128 . 5 % of the Cgh Briefly , sodium oxybate immediate release ( IR ) micropar 
obtained for Xyrem® dosed 2x3 . 75 g which was extrapo ticle were prepared as follows : 1615 . 0 g of Sodium Oxybate 
lated to be approximately 24 . 07 microgram / mL from pub - 30 and 85 . 0 g of polyvinylpyrrolidone ( Povidone K30 — Plas 
lished data . The 7 . 5 g dose achieved a ratio of AUCgh to doneTM K29 / 32 from ISP ) were solubilized in 1894 . 3 g of 
AUC ; wf of about 0 . 89 , whereas the ratio was 0 . 83 and 0 . 93 absolute ethyl alcohol and 1262 . 9 g of water . The solution 
for the 4 . 5 g and 6 g doses respectively . was entirely sprayed onto 300 g of microcrystalline cellulose 

TABLE 3c 

Pharmacokinetic Parameters of 4 . 5 g , 6 g , and 7 . 5 g of 
finished composition produced according to Example 1bis 

Finished 
composition 
according to 
Example 1bis 

Mean Cmax 
( ug / mL ) 
( % CV ) 

Mean AUCint Mean AUC8h 
( h * ug / mL ) ( h * ug / mL ) 
( % CV ) ( % CV ) 

Median Tmor 
( h ) ( min - max ) 

Mean Con 
( ug / mL ) 
( % CV ) 

max 

6 . 86 4 . 5 g 
og 

44 . 35 
65 . 46 ( 35 ) 
88 . 21 ( 30 ) 

188 . 88 ( 47 ) 
307 . 34 ( 48 ) 
454 . 99 ( 34 ) 

174 . 68 ( 48 ) 
290 . 97 ( 47 ) 
404 . 88 ( 31 ) 

1 . 5 ( 0 . 5 - 4 ) 
3 ( 0 . 5 - 5 . 5 ) 
2 ( 0 . 5 - 6 ) 

12 . 8 ( 82 ) 
30 . 94 ( 34 ) 7 . 5 g 

FIG . 14 and table 3d compare the pharmacokinetic spheres ( CelletsTM 127 ) in a fluid bed spray coater apparatus . 
parameters AUCins and Cez obtained for 7 . 5 g of a finished IR microparticles with volume mean diameter of about 270 
composition according to Example 1bis to the same param - 50 microns were obtained . 
eters calculated for 2x4 . 5 g , i . e . 9 g total dose of Xyrem® . Sodium oxybate modified release ( MR ) microparticles 
The data show that a 7 . 5 g dose of a formulation according were prepared as follows : 4 . 0 g of Methacrylic acid copo 
to the invention given once nightly exhibits a similar PK lymer Type C ( EudragitTM L100 - 55 ) , 49 . 3 g of Methacrylic 
profile to 9 g of Xyrem® given in two separate equal doses . acid copolymer Type B ( EudragitTM S100 ) , 80 g of Hydro 

TABLE 3d 

Pharmacokinetic Parameters of 7 . 5 g of finished composition produced according 
to Example 1bis compared to 2 x 4 . 5 g of Xyrem ® 

Mean C8h Mean AUCin 
( ug / mL ) ( ug / mL * h ) 

Ratio ( % ) AUCinf Ratio ( % ) Cg h composition to composition to 
AUCinfXyrem ® Con Xyrem ® 

28 . 9 
30 . 9 

518 
455 

NA 
88 % 

NA 
107 % 

Xyrem ® 2 x 4 . 5 g 
Finished composition 
according to Example 
1bis 7 . 5 g 
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TABLE 4c - continued 

Qualitative Finished Composition 

Quantity per 
4 . 5 g dose ( g ) Component Function 

0 . 050 
0 . 075 

genated cottonseed oil ( LubritabTM ) , were dissolved in 
1200 . 0 g of isopropanol at 78° C . The solution was sprayed 
entirely on 400 . 0 g of IR microparticles prepared above in 
a fluid bed spray coater apparatus with an inlet temperature 
48° C . , spraying rate around 11 g per min and atomization 5 
pressure 1 . 3 bar . MR microparticles were dried for two 
hours with inlet temperature set to 56° C . MR microparticles 
with volume mean diameter of about 330 microns were 
obtained . 

The finished composition , which contained a 50 : 50 mix - 10 
ture of MR and IR microparticles calculated on their sodium 
oxybate content , was prepared as follows : 27 . 86 g of IR 
microparticles , 37 . 15 g of MR microparticles , 1 . 13 g of 
malic acid ( D / L malic acid ) , 0 . 50 g of xanthan gum ( Xan 
turalTM 75 from Kelco ) , 0 . 75 g of carrageenan gum ( Vis - 15 
carinTM PH209 from FMC Biopolymer ) , 0 . 75 g of hydroxy 
ethylcellulose ( Natroso1TM 250M from Ashland ) and 0 . 34 g 
of magnesium stearate were mixed . Individual samples of 
6 . 85 g ( corresponding to a 4 . 5 g sodium oxybate dose with 
half of the dose as immediate - release fraction and half of the 20 
dose as modified release fraction ) were weighed . 

Xanthan gum 
Hydroxyethylcellulose 
Carrageenan gum 
Magnesium stearate 

Suspending agent 
Suspending agent 
Suspending agent 
Lubricant 

0 . 075 
0 . 034 

Total 6 . 848 

TABLE 4d 
Ouantitative finished composition 

Quantity per 
4 . 5 g dose ( g ) Component Function 

TABLE 4a Drug substance 
Core 

4 . 5 
0 . 836 

Composition of IR Microparticles 
Binder 
Coating excipient 
Coating excipient 

0 . 237 
0 . 557 
0 . 028 Quantity per 

2 . 25 g dose ( g ) Component Function 

Sodium oxybate 
Microcrystalline cellulose 
spheres 

25 Povidone K30 
Hydrogenated Vegetable Oil 
Methacrylic acid Copolymer 
Type C 
Methacrylic acid Copolymer 
???? ? 

30 Malic acid 
Xanthan gum 
Hydroxyethylcellulose 
Carrageenan gum 
Magnesium stearate 

Coating excipient 0 . 344 Drug substance 
Core 

2 . 25 
0 . 418 

Sodium oxybate 
Microcrystalline cellulose 
spheres 
Povidone K30 0 . 118 Binder and excipient in 

diffusion coating 
Solvent 

Acidifying agent 
Suspending agent 
Suspending agent 
Suspending agent 
Lubricant 

0 . 113 
0 . 050 
0 . 075 
0 . 075 
0 . 034 Ethyl alcohol Eliminated during 

processing 
Eliminated during Purified water Solvent 

35 Total 6 . 848 processing 
Total 2 . 786 

Example 4bis 
TABLE 4b 40 

Composition of MR Microparticles 

Component 
Quantity per 

2 . 25 g dose ( g ) Function 

IR Microparticles 2 . 786 Core of MR 
Microparticles 
Coating excipient 
Coating excipient 

0 . 557 
0 . 028 

Hydrogenated Vegetable Oil 
Methacrylic acid Copolymer 
Type C 
Methacrylic acid Copolymer 
Type B 
Isopropyl alcohol 

Coating excipient 0 . 344 50 
Solvent Eliminated during 

processing 

Total 3 . 715 

An alternative formulation to example 4 is described in 
example 4bis . Sodium oxybate immediate release ( IR ) 
microparticles were prepared by coating the IR micropar 
ticles described in example 4 with a top coat layer . IR 

43 Microparticles were prepared as follows : 170 . 0 of hydroxy 
propyl cellulose ( KlucelTM EF Pharm from Hercules ) were 
solubilized in 4080 . 0 g of acetone . The solution was entirely 
sprayed onto 1530 . 0 g of the IR microparticles of Example 
4 in a fluid bed spray coater apparatus . IR Microparticles 
with volume mean diameter of about 298 microns were 
obtained ( see Table 4bis - a ) . 
Sodium oxybate modified release ( MR ) microparticles 

were prepared as described in example 4 ( see Table 4b ) . 
The finished composition , which contains a 50 : 50 mixture 

of MR and IR microparticles calculated based on sodium 
oxybate content , was prepared as follows : 424 . 99 g of the 
above IR microparticles , 509 . 98 g of the above MR 

60 microparticles , 30 . 89 g of malic acid ( D / L malic acid ) , 4 . 93 
g of xanthan gum ( XanturalTM 75 from Kelco ) , 4 . 93 g of 
colloidal silicon dioxide ( Aerosi?TM 200 from Degussa ) and 
9 . 86 g of magnesium stearate were mixed . Individual 
samples of 7 . 18 g ( corresponding to a 4 . 5 g dose of sodium 

65 oxybate with half of the dose as an immediate - release 
fraction and half of the dose as a modified release fraction ) 
were weighed . ( see Tables 4bis - b and 4bis - c ) . 

55 

TABLE 4c 
Oualitative Finished Composition 

Function 
Quantity per 

4 . 5 g dose ( g ) Component 
MR microparticles 3 . 715 

IR microparticles 
Modified release fraction 
of sodium oxybate 
Immediate release fraction 
of sodium oxybate 
Acidifying agent 

2 . 786 

Malic acid 0 . 113 
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TABLE 4bis - a Example 5 

Composition of IR Microparticles 

5 . 
In Vitro Release Profiles of IR , MR and Finished 
Compositions of Formulation of Example 4 and 

4bis Quantity per 
2 . 25 g dose ( g ) Component Function 

2 . 25 Drug substance 
Core 0 . 418 10 

Sodium oxybate 
Microcrystalline cellulose 
spheres 
Povidone K30 0 . 118 Binder and excipient in 

diffusion coating 
Top coat 0 . 310 Hydroxypropyl cellulose 

Ethyl alcohol 15 
Solvent Eliminated during 

Dissolution Testing of MR Microparticles from Example 
4 - Protocol ( 2 h 0 . 1N HC1 / Phosphate Buffer pH 6 . 8 ) 
49 . 1 g of MR microparticles from Example 4 were mixed 

with 0 . 5 g of magnesium stearate ( from Peter Greven ) and 
0 . 25 g of colloidal silicon dioxide ( AerosilTM 200 from 
Evonik ) . 

The dissolution profile of 3770 mg of the mixture which 
correspond to 2250 mg of sodium oxybate per vessel was 
determined using the USP apparatus 2 . Dissolution medium 
temperature was maintained at 37 . 0 + 0 . 5° C . , and the rotating 
paddle speed was set at 75 rpm . 

After 2 hours in 750 mL of 0 . 1N HCl dissolution medium , 
6 . 5 g of monobasic potassium phosphate was added in the 
dissolution vessel . pH and volume were then respectively 
adjusted to 6 . 8 and 950 mL . The potassium phosphate 
concentration was equal to 0 . 05 M in the dissolution 
medium after pH and volume adjustment . The release profile 
is shown in FIG . 16 and Table 5a . 

Purified water 
processing 

Eliminated during 
processing 

Eliminated during 
processing 

Solvent 

Acetone Solvent 

Total 3 . 096 

TABLE 4bis - b 
TABLE 5a Oualitative Finished Composition 

30 
Quantity per 

4 . 5 g dose ( g ) Component Function 
Percent Sodium Oxybate Released in two sequential 
dissolution media ( 0 . 1N HCl for two hours , then 
phosphate buffer pH 6 . 8 ) for MR microparticles of 
sodium oxybate prepared according to Example 4 3 . 715 

3 . 096 35 Time ( h ) 
% sodium 

oxybate dissolved 

MR microparticles Modified release fraction of 
sodium oxybate 

IR microparticles Immediate release fraction of 
sodium oxybate 

Malic acid Acidifying agent 
Xanthan gum Suspending agent 
Colloidal silicon dioxide Gliding agent 
Magnesium stearate Lubricant 

0 . 225 
0 . 036 
0 . 036 
0 . 072 

40 Total 7 . 180 nirimto 103 

50 

TABLE 4bis - c 
Quantitative finished composition The sodium oxybate was not released in the 0 . 1N HC1 

medium during two hours . After the switch at pH 6 . 8 , 40 % Quantity per of the API was released after 30 minutes and 90 % of API Component Function 4 . 5 g dose ( g ) after 1 hour . FIG . 17 overlays the dissolution profile of the 
Sodium oxybate Drug substance 4 . 5 MR microparticles of Example 4 with the dissolution profile 
Microcrystalline cellulose spheres Core 0 . 836 for MR microparticles reported in Supernus U . S . Pat . No . Povidone K30 Binder 0 . 237 
Hydroxypropyl cellulose Top coat 0 . 310 8 , 193 , 211 , FIG . 3 . It shows that the dissolution profiles are 
Hydrogenated Vegetable Oil Coating excipient 0 . 557 different and especially that the MR microparticles accord 
Methacrylic acid Copolymer Type C Coating excipient 0 . 028 ing to the invention release greater than 80 % of its sodium Methacrylic acid Copolymer Type B excipient 0 . 344 
Malic acid Acidifying agent 0 . 225 55 oxybate at 3 hours , whereas the MR microparticles 
Xanthan gum Suspending agent 0 . 036 described in Supernus U . S . Pat . No . 8 , 193 , 211 , FIG . 3 do not 
Colloidal silicon dioxide Gliding agent 0 . 036 and exhibit a much slower releasing profile . Magnesium stearate Lubricant 0 . 072 

Dissolution Testing of Finished Composition According to 
Total 7 . 180 Example 4 in Deionized Water : 

- 60 The dissolution profile of the quantity equivalent to 4 . 5 g 
Compared to the finished composition described in of sodium oxybate of the finished composition of the 

example 4 , this alternative composition has the following Example 4 was determined in 900 mL of deionized water 
characteristics : same MR microparticles , same IR micropar - using the USP apparatus 2 . The dissolution medium was 
ticles but with a top coat , increased amount of malic acid , 65 maintained at 37 . 0 + 0 . 5º C . and the rotating paddle speed 
only one suspending agent ( xanthan gum ) and presence of a was set at 50 rpm . The release profile of is shown in FIG . 18 
glidant . and Table 5b . 
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TABLE 5b 

Percent Sodium Oxybate Released in deionized water for finished 
composition of sodium oxybate prepared according to Example 4 

FIG . 21 and Table 5d depict dissolution profile deter 
mined using a USP apparatus 2 in a 900 mL phosphate buffer 
pH 6 . 8 dissolution medium for a finished composition 
prepared according to Example 4bis . The dissolution 
medium was maintained at 37 . 0 - 0 . 5° C . and the rotating 
paddle speed was set at 100 rpm . It shows that the compo 
sition according to the invention releases more than 80 % of 
its sodium oxybate at 3 hours . 

Time ( hour ) Example 4 

0 . 25 

TABLE 5d 

O2min ON 10 
Percent Sodium Oxybate Released in phosphate buffer 
pH 6 . 8 Dissolution Medium for finished composition 

prepared according to Example 4bis 

0 
0 . 25 

tom 
Time ( Hour ) Example 4bis 

15 
The IR fraction of sodium oxybate was solubilized in 15 

minutes . The release of sodium oxybate from the modified 0 . 5 
release fraction started after 5 hours with 90 % of the total 0 . 75 

dose released at 8 hours . 
An overlay of the release profile of the finished compo - 20 

sition of the Example 4 versus that reported in USP 2012 / 103 
0076865 FIG . 2 is shown in FIG . 19 . It shows that the 105 
dissolution profiles are different . The formulation described 105 
in USP 2012 / 0076865 FIG . 2 does not exhibit a lag phase 102 
after the dissolution of the immediate release part . 101 

FIG . 20 and Table 5c depict dissolution profiles deter - 25 104 
100 mined using a USP apparatus 2 in a 900 mL in 0 . 1N HC1 

dissolution medium of three finished compositions prepared 
according to Example 4bis . The dissolution medium was Example 6 
maintained at 37 . 0 + 0 . 5° C . and the rotating paddle speed 
was fixed at 100 rpm . It shows that the composition accord - 30 In Vivo Pharmacokinetic Study of Finished 
ing to the invention releases from 10 to 65 % of its sodium Composition According to Example 4bis 
oxybate at 1 and 3 hours and releases greater than 60 % at 10 
hours . Pharmacokinetic testing was undertaken in vivo in 

healthy human volunteers according to the principles 
TABLE 50 described in FDA ' s March 2003 Guidance for Industry on 

BIOAVALABILITY AND BIOEQUIVALENCE STUDIES FOR ORALLY ADMIN 
Percent Sodium Oxybate Released in 0 . 1N HCl Dissolution ISTERED DRUG PRODUCTS GENERAL CONSIDERATIONS . All testing 

Medium for three batches of finished composition was performed in subjects two hours after eating a standard 
prepared according to Example 4bis ized dinner . Xyrem® doses were administered in two equi 

potent doses four hours apart . All other tested doses were 
Time ( Hour ) Batch 1 Batch 2 Batch 3 40 ! manufactured as described in Example 4bis . The standard 

ized dinner consisted of 25 . 5 % fat , 19 . 6 % protein , and 
54 . 9 % carbohydrates . 

0 . 25 Nd Nd The finished composition of Example 4bis given as a 4 . 5 0 . 5 50 
0 . 75 g once - nightly dose rather than a standard Xyrem® dosing 

51 51 twice ( 2x2 . 25 g ) nightly 4 hours apart , produced a dramati 
1 . 5 Nd Nd 45 cally different pharmacokinetic profile than Xyrem® as 

Nd shown in FIG . 22 . As summarized below ( Tables ba and 6b ) , 
4 . 5 g nighttime doses of finished composition of the inven 

Nd Nd tion equivalent to twice - nightly doses of Xyrem® ( 2x2 . 25 g ) 
57 provided somewhat less total exposure to sodium oxybate 

with a later median Tmax than the initial Xyrem® dose . The Nd 
12 90 relative bioavailability was about 88 % . Composition accord 
16 95 ing to the invention avoids the high second - dose peak 

concentration of Xyrem® and therefore does not exhibit the 
Nd = not determined substantial between - dose fluctuations in concentration , 

while achieving a comparable mean Coh . 

35 

49 
Nd Nd 

1 

52 
Nd 
53 

57 
71 70 

Nd 77127 10 
93 92 
94 

TABLE 6a 
Pharmacokinetic Parameters of finished composition of Example 4bis vs . Xyrem ® 

Mean Cmax 
( ug / mL ) 
( % CV ) 

Mean AUCin 
( h * ug / mL ) 
( % CV ) 

Mean AUC8 h 
( h * ug / mL ) 

( % 

Median Tmax 
( hour ) 

( min - max ) 

Mean Coh 
( ug / mL ) 
( % CV ) 

43 . 47 ( 49 ) 188 . 96 ( 57 ) 179 . 69 ( 57 ) 2 ( 0 . 5 - 7 ) 6 . 85 ( 118 ) Finished 
composition of 
Example 4bis 4 . 5 g 
Xyrem ® 2 x 2 . 25 g 1st dose : 33 . 41 ( 41 ) 

2nd dose : 65 . 91 ( 40 ) 
214 . 32 ( 48 ) 202 . 78 ( 46 ) 1st dose : 1 . 0 ( 0 . 5 - 2 ) 

2nd dose : 4 . 5 ( 4 . 33 - 6 . 5 ) 
9 . 24 ( 127 ) 
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TABLE 6b dissolved in 1012 . 5 g of isopropanol at 78° C . The solution 
was sprayed entirely on 450 . 0 g of the above prepared 

Mean plasma concentration of gamma - hydroxybutyrate microparticles in a fluid bed spray coater apparatus with an ( microgram / mL ) versus time of finished composition 
of Example 4bis and Xyrem ® inlet temperature 47° C . , spraying rate around 10 . 5 g per min 

5 and atomization pressure 1 . 3 bar . MR microparticles were 
Finished composition dried for two hours with inlet temperature set to 56° C . MR Example 4bis 4 . 5 g Xyrem ® 

( 2 h after meal ) ( 2 x 2 . 25 g ) Microparticles with volume mean diameter of 335 microns 
Time ( hour ) ( N = 15 ) ( N = 15 ) were obtained 

0 . 00 0 . 00 10 . The finished composition , which contains a 60 : 40 mixture 
0 . 5 23 . 80 27 . 44 of MR and IR microparticles calculated based on their 

33 . 26 28 . 97 sodium oxybate content , was prepared as follows : 326 . 69 g 35 . 60 26 . 12 
35 . 57 21 . 11 of the above IR microparticles , 735 . 04 g of the above MR 
33 . 81 13 . 93 microparticles , 23 . 74 g of malic acid ( D / L malic acid ) , 5 . 54 
30 . 96 10 . 25 15 g of xanthan gum ( XanturalTM 75 from Kelco ) , 5 . 54 g of 28 . 73 6 . 92 
26 . 06 42 . 32 colloidal silicon dioxide ( Aerosi?TM 200 from Degussa ) and 
23 . 27 57 . 33 11 . 08 g of magnesium stearate were mixed . Individual 
18 . 68 52 . 27 samples of 8 . 40 g ( corresponding to a 4 . 5 g dose of sodium 
16 . 67 43 . 55 oxybate with 40 % of the dose as immediate - release fraction 15 . 55 35 . 20 

6 . 5 13 . 07 27 . 44 and 60 % of the dose as modified release fraction ) were 
11 . 75 19 . 36 weighed . 

7 . 5 9 . 20 13 . 88 
6 . 85 9 . 24 
1 . 94 2 . 64 TABLE 7a 

NC 
Composition of MR Microparticles 

NC : Not Calculated 
Quantity per 

The 4 . 5 g dose achieved a mean Con equal to about 6 . 85 Component Function 2 . 25 g dose ( g ) microgram / mL which represents approximately 74 . 1 % of 
the Cgn obtained for Xyrem® dosed 2x2 . 25 g . The ratio of 30 IR Microparticles Core of MR 2 . 786 
AUCgh to AUCing was about 0 . 89 . Microparticles 

Ethylcellulose 20 Coating excipient 0 . 743 
Povidone K30 0 . 074 Coating excipient Example 7 Polyoxyl 40 Hydrogenated Coating excipient 0 . 037 
Castor Oil In Vitro and In Vivo Pharmacokinetic Study of a 35 Castor oil Coating excipient 0 . 074 

Comparative Formulation Hydrogenated Vegetable Oil Coating excipient 0 . 557 
Methacrylic acid Copolymer Coating excipient 0 . 124 

A formulation having an in vitro dissolution profile com Type C 

parable to the formulation reported in FIG . 3 of U . S . Pat . No . Methacrylic acid Copolymer Coating excipient 0 . 248 
Type B 8 , 193 , 211 was prepared to confirm the in vitro / in vivo 40 Ethyl alcohol Solvent Eliminated during 

correlations reported herein . Tables 7a - 7c provide the quali processing 
tative and quantitative compositions of the MR micropar Acetone Solvent Eliminated during 
ticles , and mixtures of IR and MR microparticles . The processing 
physical structure of the microparticles showing the quali Water Solvent Eliminated during 
tative and quantitative composition of the IR and MR 45 processing 
microparticles is depicted in FIG . 23 . Isopropyl alcohol Solvent Eliminated during 

Briefly , sodium oxybate immediate release ( IR ) micropar processing 
ticles were prepared according to Example 1bis . Sodium 
oxybate modified release ( MR ) microparticles were pre - Total 4 . 644 

pared in two steps : 50 = 

Step 1 : 106 . 7 g of water insoluble polymer Ethylcellulose 
( EthocelTM 20 Premium ) , 10 . 7 g of polyvinylpyrrolidone TABLE 7b ( PlasdoneTM K30 from ISP ) , 10 . 7 g of castor oil ( from 
Olvea ) and 5 . 3 g of Polyoxyl 40 Hydrogenated Castor Oil Qualitative Composition of Finished Composition 
( Kolliphor RH40 from BASF ) , were dissolved in a mixture 55 
of 828 . 0 g of acetone , 552 . 0 g of isopropanol and 153 . 3 g of Quantity per 

Component Function 4 . 5 g dose ( g ) water . The solution was sprayed entirely on 400 . 0 g of 
immediate release microparticles of sodium oxybate pre MR microparticles Modified release fraction 5 . 573 

pared above in a fluid bed spray coater apparatus Glatt of sodium oxybate 
IR micr Immediate release fraction 2 . 477 G . P . C . G . 1 . 1 with inlet temperature 57° C . , spraying rate 60 of sodium oxybate 

around 14 . 5 g per min and atomization pressure 2 . 5 bar . Malic acid Acidifying agent 0 . 180 
Microparticles with volume mean diameter of about 310 Xanthan gum Suspending agent 0 . 042 
microns were obtained . Colloidal silicon dioxide Gliding agent 0 . 042 

Magnesium stearate Lubricant 0 . 084 Step 2 : 15 . 0 g of Methacrylic acid copolymer Type C 
( EudragitTM L100 - 55 from Evonik ) , 30 . 0 g of Methacrylic 65 Total 8 . 398 
acid copolymer Type B ( EudragitTM S100 from Evonik ) , 
67 . 5 g of Hydrogenated cottonseed oil ( LubritabTM ) , were 

articles 
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TABLE 7e TABLE 7c 

Quantitative Composition of Finished Composition Pharmacokinetic Parameters of finished composition 
of Comparative Example 7 vs . Xyrem ® 

Component 
Quantity per 

4 . 5 g dose ( g ) Function 5 

Drug substance 
Core 

4 . 5 
0 . 836 

Mean Cmax Mean AUC in 
( ug / mL ) ( h * ug / mL ) 
( % CV ) ( % CV ) 

Median 
Tmax ( hour ) 
( min - max ) 

Mean Coh 
( ug / mL ) 
( % CV ) 

28 . 99 ( 45 ) 143 . 90 ( 53 ) 1 . 5 ( 0 . 5 - 8 ) 7 . 79 ( 82 ) 10 
der and coating excipient 
Top coat 
Coating excipient 
Coating excipient 

0 . 326 
0 . 248 
0 . 892 
0 . 045 

Finished 
composition 
of 

Sodium oxybate 
Microcrystalline cellulose 
spheres 
Povidone K30 
Hydroxypropyl cellulose 
Ethylcellulose 20 
Polyoxyl 40 Hydrogenated 
Castor Oil 
Castor oil 
Hydrogenated Vegetable Oil 
Methacrylic acid Copolymer 
Type C 
Methacrylic acid Copolymer 
Type B 
Malic acid 
Xanthan gum 
Colloidal silicon dioxide 
Magnesium stearate 

Coating excipient 
Coating excipient 
Coating excipient 

0 . 089 
0 . 669 
0 . 149 

Comparative 
Example 7 
4 . 5 g 
Xyrem ® 
2 x 2 . 25 g 

214 . 32 ( 48 ) 9 . 24 ( 127 ) Coating excipient 0 . 297 
1st dose : 
33 . 41 ( 41 ) 
2nd dose : 
65 . 91 ( 40 ) 

1st dose : 
1 . 0 ( 0 . 5 - 2 ) 
2nd dose : 

4 . 5 ( 4 . 33 - 6 . 5 ) 
Acidifying agent 
Suspending agent 
Gliding agent 
Lubricant 

0 . 180 
0 . 042 
0 . 042 
0 . 084 20 

Total 8 . 398 TABLE 7f 
Mean plasma concentration ( microgram / mL ) of gamma 
hydroxybutyrate versus time of finished composition of 

Comparative Example 7 and Xyrem ® 
The dissolution profile obtained for the MR micropar 

ticles in two sequential dissolution media ( 0 . 1N HC1 for 2 25 
hours then phosphate buffer pH 6 . 8 ) is shown in FIG . 24 and 
Table 7d . These data show that the dissolution profile of the 
MR microparticles produced according the comparative 
Example 7 was quite similar to the dissolution profile of 
FIG . 3 from U . S . Pat . No . 8 , 193 , 211 . In particular , the MR 30 
microparticles according to the comparative Example 7 do 
not release more than 80 % of its sodium oxybate at 3 hours . 

Comparative Comparative 
Example Example Comparative 
7 @ 4 . 5 g 7 @ 6 . 0 g Example 

( 2 h after meal ) ( 2 h after meal ) 7 @ 7 . 5 g 
pooled mean pooled mean ( 2 h after 

( N = 27 ) ( N = 18 ) meal ) ( N = 12 ) 
Time 

( hour ) 

Xyrem ® 
( 2 x 2 . 25 g ) 

part I 
( N = 15 ) 

0 . 5 
TABLE 7d 

1 . 5 35 
Dissolution profile obtained for the MR microparticles of 
Example 7 in two sequential dissolution media ( 0 . 1N HCI 

for 2 hours then phosphate buffer pH 6 . 8 ) 
2 . 5 

3 . 5 
Time ( hour ) Example 7 

0 . 00 
18 . 84 
23 . 93 
24 . 31 
24 . 32 
23 . 10 
20 . 05 
17 . 47 
16 . 48 
15 . 44 
14 . 10 
12 . 60 
11 . 68 
11 . 45 
10 . 64 
9 . 35 
7 . 79 
1 . 98 
0 . 59 

0 . 00 
25 . 54 
35 . 80 
38 . 59 
40 . 78 
38 . 03 
35 . 76 
33 . 99 
30 . 47 
26 . 87 
25 . 59 
24 . 63 
23 . 90 
23 . 98 
20 . 94 
17 . 93 
14 . 36 

3 . 71 
0 . 78 

0 . 00 
31 . 40 
46 . 78 
58 . 29 
57 . 47 
52 . 25 
49 . 00 
45 . 66 
40 . 52 
37 . 70 
36 . 82 
35 . 93 
34 . 47 
31 . 60 
31 . 89 
29 . 69 
25 . 80 
11 . 00 
3 . 63 

0 . 00 
27 . 44 
28 . 97 
26 . 12 
21 . 11 
13 . 93 
10 . 25 

6 . 92 
0 . 00 

57 . 33 
52 . 27 
43 . 55 
35 . 20 
27 . 44 
19 . 36 
13 . 88 
9 . 24 
2 . 64 
NC 

40 

5 . 5 

2 . 25 

O Broo 2 . 5 

64 45 

10 
12 

The finished composition of Comparative Example 7 was 
tested in the same pharmacokinetic study than the finished 
composition of Example 1 and 4 . As summarized below 50 
( Tables 7e ) , 4 . 5 g nighttime dose of finished composition of 
the comparative Example 7 compared to twice - nightly doses 
of Xyrem® ( 2x2 . 25 g ) provided much less total exposure to 
sodium oxybate with a relative bioavailability of 67 % . 

NC : not calculated 
The pharmacokinetic profiles of single 6 gand 7 . 5 g doses 

of the finished composition produced according to compara 
tive Example 7 were also generated . Table 7 g provides data 
on a single 4 . 5 g , 6 g and 7 . 5 g dose , showing effects on 
Cmax , Con , AUCon and AUCinf related to dose strength . 

TABLE 7g 
Pharmacokinetic Parameters of 4 . 5 g , 6 g , and 7 . 5 g of 

finished composition produced according Comparative Example 7 

Finished 
composition 

Comparative of 
Example 7 

Mean Cmax 
( ug / mL ) 
% CV ) 

Mean Mean 
AUCinf A UCA 

( h * ug / mL ) ( h * ug / mL ) 
( % CV ) % CV ) 

Median Tmax 
( min - max ) 

( h ) 
% CV ) 

Mean Con 
( ug / mL ) 
( % CV ) 

4 . 5 g 
( I? ( J?? ( ?? . 

28 . 98 ( 45 ) 
45 . 64 ( 35 ) 
63 . 31 ( 33 ) 

143 . 90 ( 53 ) 
248 . 24 ( 47 ) 
379 . 83 ( 54 ) 

128 . 83 ( 55 ) 
225 . 00 ( 47 ) 
316 . 18 ( 48 ) 

1 . 5 ( 0 . 5 - 8 ) 
2 ( 0 . 5 - 6 . 5 ) 

1 . 75 ( 1 - 4 . 5 ) 

7 . 79 ( 82 ) 
14 . 36 ( 77 ) 
25 . 80 ( 74 ) 7 . 5 g 
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Example 8 
70 

TABLE 8a - continued 

Alternative Formulations Composition of IR Microparticles of gamma - hydroxybutyrate 
of example 8 . 1 

25 

Example 8 . 1 Quantity 
per 2 . 25 g 

Component Function dose ( g ) Modified release formulation of gamma - hydroxybutyrate 
comprising immediate release microparticles of potassium Ethyl alcohol Solvent Eliminated 
salt of gamma - hydroxybutyric acid and modified release during 

microparticles of sodium salt of gamma - hydroxybutyric + Purified water processing 
Solvent Eliminated 

acid ( sodium oxybate ) . during 
Immediate release ( IR ) microparticles of potassium salt of processing 

gamma - hydroxybutyric acid can be prepared as follows : 
Total 3 . 142 1615 . 0 g of potassium salt of gamma - hydroxybutyric acid . 

and 85 . 0 g of polyvinylpyrrolidone ( Povidone K30 — Plas - 13 
doneTM K29 / 32 from ISP ) are solubilized in 1894 . 3 g of 
absolute ethyl alcohol and 1262 . 9 g of water . The solution is TABLE 8b 
entirely sprayed onto 300 g of microcrystalline cellulose Composition of MR Microparticles of gamma - hydroxybutyrate spheres ( CelletsTM 127 ) in a fluid bed spray coater apparatus . of example 8 . 1 

Immediate release ( IR ) microparticles of sodium salt of 20 
gamma - hydroxybutyric acid were prepared as follows : Quantity 
1615 . 0 g of sodium salt of gamma - hydroxybutyric acid and per 2 . 25 g 

Component Function dose ( g ) 85 . 0 g of polyvinylpyrrolidone ( Povidone K30 — Plasdone 
K29 / 32 from ISP ) were solubilized in 1894 . 3 g of absolute Sodium oxybate Drug substance 2 . 25 

ethyl alcohol and 1262 . 9 g of water . The solution was 25 Povidone K30 Binder 0 . 118 
Microcrystalline cellulose spheres Core 0 . 419 entirely sprayed onto 300 g of microcrystalline cellulose Hydrogenated Vegetable Oil Coating excipient 0 . 717 

spheres ( CelletsTM 127 from Pharmatrans Sanaq ) in a fluid Methacrylic acid Copolymer Coating excipient 0 . 159 
bed spray coater apparatus . Type C 

Sodium oxybate modified release ( MR ) microparticles are Methacrylic acid Copolymer Coating excipient 0 . 318 
30 Type B prepared as follows : 22 . 8 g of methacrylic acid copolymer Ethyl alcohol Solvent Eliminated Type C ( Eudragit L100 - 55 ) , 45 . 8 g of methacrylic acid during processing 

copolymer Type B ( EudragitTM S 100 ) , 102 . 9 g of hydro Acetone Solvent Eliminated 
genated cottonseed oil ( LubritabTM ) , are dissolved in 1542 . 9 during processing 

Water Solvent Eliminated g of isopropanol at 78° C . The solution is sprayed entirely during processing 
onto 400 . 0 g of the sodium oxybate IR microparticles » Isopropyl alcohol Solvent Eliminated 
described above in a fluid bed spray coater apparatus with an during processing 
inlet temperature of 48° C . , spraying rate around 11 g per Total 3 . 981 min and atomization pressure of 1 . 3 bar . MR microparticles 
are dried for two hours with inlet temperature set to 56° C . 
MR microparticles with mean volume diameter of about 320 4 
microns were obtained TABLE 8c 

The finished formulation , which contains a 50 : 50 mixture Oualitative Composition of Finished Formulation of Example 8 . 1 
of MR and IR microparticles calculated on their gamma 
hydroxybutyrate content , can be prepared as follows : 398 . 51 Quantity per 
g of the above IR microparticles , 504 . 80 g of the above MR43 Component Function 4 . 5 g dose ( g ) 
microparticles , 16 . 09 g of D / L malic acid , 6 . 34 g of xanthan MR microparticles Modified release fraction of 3 . 981 
gum ( XanturalTM 75 from Kelco ) , 9 . 51 g of carrageenan gum sodium oxybate 
( ViscarinTM PH209 from FMC Biopolymer ) , 9 . 51 g of IR microparticles Immediate release fraction 3 . 142 

of potassium salt of hydroxyethylcellulose ( Natroso1TM 250M from Ashland ) gamma - hydroxybutyric acid 
and 4 . 75 g of magnesium stearate were mixed . Individual » Malic acid Acidifying agent 0 . 127 
samples of 7 . 49 g of the mixture ( amount equivalent to a 4 . 5 Xanthan gum Suspending agent 0 . 050 

g dose of sodium oxybate with half of the dose as imme Hydroxyethylcellulose Suspending agent 0 . 075 

diate - release fraction and half of the dose as modified Carrageenan gum 0 . 075 Suspending agent 
Magnesium stearate Lubricant 0 . 037 

release fraction ) were weighed . 
7 . 487 

TABLE 8a 
55 Total 

Composition of IR Microparticles of gamma - hydroxybutyrate 
of example 8 . 1 TABLE 8d 

60 Ouantitative Composition of Finished Formulation of Example 8 . 1 Quantity 
per 2 . 25 g 
dose ( g ) Component Function Quantity per 

4 . 5 g dose ( g ) Component Function 
Potassium salt of hydroxybutyric acid Drug substance 
Microcrystalline cellulose spheres Core 
Povidone K30 Binder and excipient 

in diffusion coating 

2 . 537 
0 . 471 
0 . 134 

Sodium oxybate 
65 Potassium salt of gamma 

hydroxybutyric acid 
Drug substance 
Drug substance 

2 . 25 
2 . 537 
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TABLE 8d - continued TABLE 8e - continued 
Quantitative Composition of Finished Formulation of Example 8 . 1 Oualitative Composition of Finished Formulation of Example 8 . 2 

Component 
Quantity per 

4 . 5 g dose ( g ) Function 5 
Quantity 
per 4 . 5 g 
dose ( g ) Component Function 

4 . 559 
Microcrystalline cellulose spheres 
Povidone K30 
Hydrogenated Vegetable Oil 
Methacrylic acid Copolymer Type C 
Methacrylic acid Copolymer Type B 
Malic acid 
Xanthan gum 
Hydroxyethylcellulose 
Carrageenan gum 
Magnesium stearate 

Core 
Binder 
Coating excipient 
Coating excipient 
Coating excipient 
Acidifying agent 
Suspending agent 
Suspending agent 
Suspending agent 
Lubricant 

0 . 890 
0 . 252 
0 . 717 
0 . 159 
0 . 318 
0 . 127 
0 . 050 
0 . 075 
0 . 075 
0 . 037 

10 

IR microparticles Immediate release fraction of 
potassium salt of gamma 
hydroxybutyric acid + immediate 
release fraction of magnesium salt 
of gamma - hydroxybutyric acid + 
immediate release fraction of calcium 
salt of gamma - hydroxybutyric acid 

Malic acid Acidifying agent 
Xanthan gum Suspending agent 

5 Hydroxyethylcellulose Suspending agent 
Carrageenan gum Suspending agent 
Magnesium stearate Lubricant 

0 . 184 
0 . 050 
0 . 075 
0 . 075 
0 . 045 

15 Hy 
Total 7 . 487 

Total 8 . 97 
Example 8 . 2 

20 

1 . 46 

Core 

0 . 184 

Modified release formulation of gamma - hydroxybutyrate TABLE 8f comprising immediate release microparticles of potassium 
salt of gamma - hydroxybutyric acid , immediate release Quantitative Composition of Finished Formulation of Example 8 . 2 
microparticles of magnesium salt of gamma - hydroxybutyric 
acid , immediate release microparticles of calcium salt of 25 Quantity per 

Component Function 4 . 5 g dose ( g ) gamma - hydroxybutyric acid and modified release micropar 
ticles of sodium salt of gamma - hydroxybutyric acid ( sodium Sodium oxybate Drug substance 2 . 25 
oxybate ) . Potassium salt of gamma Drug substance 0 . 84 

Immediate release ( IR ) microparticles of potassium salt of hydroxybutyric acid 
Magnesium salt of gamma gamma - hydroxybutyric acid are prepared according to 30 hydroxybutyric acid Drug substance 1 . 37 

example 8 . 1 . Calcium salt of gamma Drug substance 
Immediate release ( IR ) microparticles of magnesium salt hydroxybutyric acid 

of gamma - hydroxybutyric acid or calcium salt of gamma Microcrystalline cellulose spheres 1 . 102 
Povidone K30 Binder 0 . 312 hydroxybutyric acid can be prepared using the same manu Hydrogenated Vegetable Oil Coating excipient 0 . 717 

facturing process by replacing the potassium salt of gamma - 35 Methacrylic acid Copolymer Type C Coating excipient 0 . 159 
hydroxybutyric acid by the same weight of respectively Methacrylic acid Copolymer Type B Coating excipient 0 . 318 
magnesium salt of gamma - hydroxybutyric acid or calcium Malic acid Acidifying agent 

Xanthan gum Suspending agent 0 . 050 salt of gamma - hydroxybutyric acid . Hydroxyethylcellulose Suspending agent 0 . 075 
Sodium oxybate modified release ( MR ) microparticles are Carrageenan gum Suspending agent 0 . 075 

prepared according to example 8 . 1 . 40 Magnesium stearate Lubricant 0 . 045 

The finished formulation , which contains a 50 : 50 mixture Total 8 . 96 of MR and IR microparticles calculated on their gamma 
hydroxybutyrate content , can be prepared as follows : 132 . 84 
g of the IR microparticles of potassium salt of gamma 
hydroxybutyric acid , 215 . 32 g of the IR microparticles of 45 Example 8 . 3 
magnesium salt of gamma - hydroxybutyric acid , 230 . 05 g of 
the IR microparticles of calcium salt of gamma - hydroxybu Modified Release Formulation of 
tyric acid , 504 . 80 g of the MR microparticles of sodium Gamma - Hydroxybutyrate Comprising Immediate 
oxybate , 23 . 35 g of D / L malic acid , 6 . 34 g of xanthan gum Release Microparticles of Potassium Salt of 
( XanturalTM 75 from Kelco ) , 9 . 51 g of carrageenan gum 50 Gamma - Hydroxybutyric Acid and Modified Release 
( ViscarinTM PH209 from FMC Biopolymer ) , 9 . 51 g of Microparticles of Calcium Salt of 
hydroxyethylcellulose ( NatrosolTM 250M from Ashland ) Gamma - Hydroxybutyric Acid 
and 5 . 69 g of magnesium stearate were mixed . Individual 
samples of 8 . 96 g of the mixture ( amount equivalent to a 4 . 5 Immediate release ( IR ) microparticles of potassium salt of 
g dose of sodium oxybate with half of the dose as imme - 55 gamma - hydroxybutyric acid are prepared according to 
diate - release fraction and half of the dose as modified example 8 . 1 . 
release fraction ) were weighed . Immediate release ( IR ) microparticles of calcium salt of 

gamma - hydroxybutyric acid can be prepared using the 
TABLE Se manufacturing process described in example 8 . 1 for imme 

60 diate release ( IR ) microparticles of potassium salt of 
Oualitative Composition of Finished Formulation of Example 8 . 2 gamma - hydroxybutyric acid by replacing the potassium salt 

Quantity of gamma - hydroxybutyric acid by the same weight of cal 
per 4 . 5 g cium salt of gamma - hydroxybutyric acid . These Immediate 

Component Function dose ( g ) release ( IR ) microparticles of calcium salt of gamma - hy 
MR microparticles Modified release fraction of 3 . 981 65 droxybutyric acid are used to manufacture modified release 

sodium oxybate ( MR ) microparticles of calcium salt of gamma - hydroxybu 
tyric acid as follows : 22 . 8 g of methacrylic acid copolymer 

of o 
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Type C ( EudragitTM L100 - 55 ) , 45 . 8 g of methacrylic acid Example 9 
copolymer Type B ( EudragitTM S100 ) , 102 . 9 g of hydroge 
nated cottonseed oil ( LubritabTM ) , are dissolved in 1542 . 9 g Alternative Formulations with Differing 
of isopropanol at 78° C . The solution is sprayed entirely onto Concentrations of Acidic Agents 
400 . 0 g of the immediate release microparticles of calcium 5 
salt of gamma - hydroxybutyric acid described above in a Different prototypes were developed to evaluate the effect 
fluid bed spray coater apparatus with an inlet temperature of of acidic agent on the dissolution stability of the formulation 
48° C . , spraying rate around 11 g per min and atomization dispersed in water . Experimental data with 0 . 8 % , 1 . 6 % and 
pressure of 1 . 3 bar . MR microparticles are dried for two 15 % malic acid are detailed below . 
hours with inlet temperature set to 56° C . 

The finished formulation , which contains a 50 : 50 mixture Example 9 . 1 
of MR and IR microparticles calculated on their gamma 1 . 6 % Malic Acid hydroxybutyrate content , can be prepared as follows : 398 . 53 
g of the IR microparticles of potassium salt of gamma - 15 IR particles were prepared as follows : 1615 . 0 g of Sodium hydroxybutyric acid , 492 . 87 g of the MR microparticles of Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr sodium oxybate , 16 . 10 g of D / L malic acid , 6 . 34 g of rolidone ( PovidonePlasdoneTM K30 from ISP ) were solu xanthan gum ( XanturalTM 75 from Kelco ) , 9 . 51 g of carra bilized in 1894 . 3 g of absolute ethyl alcohol and 1262 . 9 g of geenan gum ( ViscarinTM PH209 from FMC Biopolymer ) , water . The solution was entirely sprayed onto 300 g of 
9 . 51 g of hydroxyethylcellulose ( NatrosolTM 250M from 20 microcrystalline cellulose spheres ( CelletsTM 127 from Phar 
Ashland ) and 4 . 69 g of magnesium stearate were mixed . matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 
Individual samples of 7 . 39 g of the mixture ( amount equiva Sodium oxybate IR particles with mean diameter of 268 
lent to a 4 . 5 g dose of sodium oxybate with half of the dose microns were obtained . 
as immediate - release fraction and half of the dose as modi MR coated particles were prepared as follows : 39 . 9 g of 
fied release fraction ) were weighed . Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 

from Evonik ) , 80 . g of Methacrylic acid copolymer Type B 
TABLE 8g ( EudragitTM S100 from Evonik ) , 180 . 0 g of Hydrogenated 

cottonseed oil ( LubritabTM from JRS ) , were dissolved in 
Oualitative Composition of Finished Formulation of Example 8 . 3 2700 . 0 g of isopropanol at 78° C . The solution was sprayed 

30 entirely on 700 . 0 g of IR particles in a fluid bed spray coater Quantity per apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 49° Component Function 4 . 5 g dose ( g ) C . , spraying rate around 11 . 6 g per min and atomization 
MR microparticles Modified release fraction 3 . 887 pressure 1 . 6 bar . MR microparticles were dried for 2 hours 

of calcium salt of gamma with inlet temperature set to 56° C . Sodium oxybate MR 
hydroxybutyric acid 35 coated particles with mean diameter of 324 microns were IR microparticles Immediate release fraction of 3 . 143 obtained . potassium salt of gamma The finished composition , which contains a 50 : 50 mixture hydroxybutyric acid 
Acidifying agent Malic acid of MR and IR particles calculated on their sodium oxybate 0 . 127 

Xanthan gum Suspending agent 0 . 050 content , was prepared as follows : 655 . 1 g of the above IR 
Hydroxyethylcellulose Suspending agent 0 . 075 particles , 936 . 4 g of the above MR particles , 26 . 5 g of Malic 
Carrageenan gum Suspending agent 0 . 075 acid ( D / L malic acid regular from Bartek ) , 11 . 7 g of xanthan 
Magnesium stearate Lubricant 0 . 037 gum ( XanturalTM 75 from CP Kelco ) , 17 . 6 g of carragenan 

gum ( ViscarinTM PH209 from FMC Biopolymer ) , 17 . 6 g of 
7 . 39 hydroxyethylcellulose ( Natroso1TM 250M from Ashland ) 

45 and 8 . 2 g of magnesium stearate ( from Peter Greven ) were 
mixed in a Roue - Roehn mixer . Individual doses of 7 . 11 g 

TABLE 8h ( corresponding to a 4 . 5 g dose with half of the dose as 
immediate - release fraction and half of the dose as modified 

Quantitative Composition of Finished Formulation of Example 8 . 3 release fraction ) were weighed . 
50 FIG . 29 and Table 9a below depict dissolution profiles Quantity per 

Component determined in 0 . 1N HCl using a USP apparatus 2 . The Function 4 . 5 g dose ( g ) 
dissolution medium was maintained at 37 . 0 + 0 . 5° C . and the 

7Potassium salt of gamma Drug substance 2 . 54 rotating paddle speed was fixed at 75 rpm . Single dose units hydroxybutyric acid were poured in a container containing 50 mL of tap water . Calcium salt of gamma Drug substance 2 . 19 55 hydroxybutyric acid After 5 and 15 minutes , the suspension was poured in the 
Microcrystalline cellulose spheres dissolution vessel containing 840 mL of 0 . 1N HC1 dissolu 
Povidone K30 Binder 0 . 249 tion medium . 10 mL of water were used to rinse the Hydrogenated Vegetable Oil Coating excipient 0 . 700 container and were added to the dissolution vessel . Methacrylic acid Copolymer Type C Coating excipient 0 . 155 
Methacrylic acid Copolymer Type B Coating excipient 0 . 311 
Malic acid Acidifying agent 0 . 127 TABLE 9a 
Xanthan gum Suspending agent 0 . 050 
Hydroxyethylcellulose Suspending agent 0 . 075 % dissolved % dissolved 
Carrageenan gum Suspending agent 0 . 075 Time ( h ) 5 min reconstitution time 15 min reconstitution time Magnesium stearate Lubricant 0 . 037 

Total 

Core 0 . 880 

60 

Total 7 . 39 65 0 . 25 
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TABLE 9a - continued 
76 

TABLE 9b - continued 
% dissolved 

5 min reconstitution time 
% dissolved 

15 min reconstitution time 
% dissolved 

5 min reconstitution time Time ( h ) 
% dissolved 

15 min reconstitution time 

NWN Goow 86 
96 
98 
98 10 

Example 9 . 2 Example 9 . 3 

0 . 8 % Malic Acid 15 % Malic Acid 

IR particles were prepared as follows : 1615 . 0 g of Sodium IR particles were prepared as follows : 1615 . 0 g of Sodium 
Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr - Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr 
rolidone ( Povidone - PlasdoneTM K30 from ISP ) were solu - rolidone ( PovidonePlasdoneTM K30 from ISP ) were solu 
bilized in 1894 . 3 g of absolute ethyl alcohol and 1262 . 9 g of 20 bilized in 1894 . 3 g of absolute ethyl alcohol and 1262 . 9 g of 
water . The solution was entirely sprayed onto 300 g of water . The solution was entirely sprayed onto 300 g of 
microcrystalline cellulose spheres ( CelletsTM 127 from Phar - microcrystalline cellulose spheres ( CelletsTM 127 from Phar 
matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 
Sodium oxybate IR particles with mean diameter of 273 Sodium oxybate IR particles with mean diameter of 255 
microns were obtained . 25 microns were obtained . 
MR coated particles were prepared as follows : 39 . 9 g of MR coated particles were prepared as follows : 22 . 8 g of 

Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 
from Evonik ) , 80 . 1 g of Methacrylic acid copolymer Type B from Evonik ) , 45 . 8 g of Methacrylic acid copolymer Type B 
( EudragitTM S100 from Evonik ) , 180 . 0 g of Hydrogenated ( EudragitTM S100 from Evonik ) , 102 . 9 g of Hydrogenated 
cottonseed oil ( LubritabTM from JRS ) , were dissolved in 30 cottonseed oil ( LubritabTM from JRS ) , were dissolved in 
2700 . 0 g of isopropanol at 78° C . The solution was sprayed 1544 . 8 g of isopropanol at 78° C . The solution was sprayed 
entirely on 700 . 0 g of IR particles in a fluid bed spray coater entirely on 400 . 0 g of IR particles in a fluid bed spray coater 

apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 49° apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 47° C . , spraying rate around 12 . 0 g per min and atomization C . , spraying rate around 10 . 7 g per min and atomization 35 pressure 1 . 3 bar . MR microparticles were dried for 2 hours pressure 1 . 6 bar . MR microparticles were dried for 2 hours 35 with inlet temperature set to 56° C . Sodium oxybate MR with inlet temperature set to 60° C . Sodium oxybate MR coated particles with mean diameter of 298 microns were coated particles with mean diameter of 309 microns were obtained . 
obtained The finished composition , which contains a 50 : 50 mixture 

The finished composition , which contains a 50 : 50 mixture of MR and IR particles calculated on their sodium oxybate 
of MR and IR particles calculated on their sodium oxybate 40 content , was prepared as follows : 36 . 2 g of the above IR 
content , was prepared as follows : 100 . 0 g of the above IR particles , 51 . 8 g of the above MR particles , 16 . 1 g of Malic 
particles , 142 . 9 g of the above MR particles , 2 . 0 g of Malic acid ( D / L malic acid regular from Bartek ) , 0 . 7 g of xanthan 
acid ( D / L malic acid regular from Bartek ) , 1 . 2 g of xanthan gum ( XanturalTM 75 from CP Kelco ) , 1 . 0 g of carragenan 
gum ( XanturalTM 75 from CP Kelco ) , 1 . 2 g of hydrophilic gum ( ViscarinTM PH209 from FMC Biopolymer ) , 1 . 0 g of 
fumed silica ( AerosilTM 200 from Degussa ) and 2 . 5 g of 45 hydroxyethylcellulose ( Natroso1TM 250M from Ashland ) 
magnesium stearate ( from Peter Greven ) were mixed in a and 0 . 6 g of magnesium stearate ( from Peter Greven ) were 
Roue - Roehn mixer . Individual doses of 6 . 93 g ( correspond - mixed in a Roue - Roehn mixer . Individual doses of 8 . 25 g 
ing to a 4 . 5 g dose with half of the dose as immediate - release ( corresponding to a 4 . 5 g dose with half of the dose as 
fraction and half of the dose as modified release fraction ) immediate - release fraction and half of the dose as modified 
were weighed . 50 release fraction ) were weighed . 

FIG . 30 and Table 9b below depict dissolution profiles FIG . 31 and Table 9c below depict dissolution profiles 
determined in 0 . 1N HC1 using a USP apparatus 2 . The determined in 0 . 1N HCl using a USP apparatus 2 . The dissolution medium was maintained at 37 . 0 + 0 . 5° C . and the dissolution medium was maintained at 37 . 0 + 0 . 5° C . and the rotating paddle speed was fixed at 75 rpm . Single dose units rotating paddle speed was fixed at 75 rpm . Single dose units s were poured in a container containing 50 mL of tap water . were poured in a container containing 50 mL of tap water . 55 After 5 and 15 minutes , the suspension was poured in the After 5 and 15 minutes , the suspension was poured in the dissolution vessel containing 840 mL of 0 . 1N HCl dissolu dissolution vessel containing 840 mL of 0 . 1N HCl dissolu tion medium . 10 mL of water were used to rinse the tion medium . 10 mL of water were used to rinse the container and were added to the dissolution vessel . 

container and were added to the dissolution vessel . 
TABLE 9c 

TABLE 9b 
% dissolved % dissolved 

% dissolved % dissolved Time ( h ) 5 min reconstitution time 15 min reconstitution time 
Time ( h ) 5 min reconstitution time 15 min reconstitution time 

60 

0 65 0 . 25 
0 . 25 51 51 

Case 1:21-cv-00691-GBW   Document 325-1   Filed 06/09/23   Page 231 of 254 PageID #: 11506



US 10 , 272 , 062 B2 
78 77 

TABLE 9c - continued tion medium . 10 mL of water were used to rinse the 
container and were added to the dissolution vessel . Disso 
lution profile was determined with and without rinsing step . Time ( h ) 

% dissolved 
5 min reconstitution time 

% dissolved 
15 min reconstitution time 

SI 51 TABLE 10a 
51 

Time ( h ) with rinsing without rinsing 
56 

12 86 85 0 . 25 
97 10 16 

20 
96 
98 

? ?? ?? 

99 

Example 10 12 
16 15 
20 Alternative Formulations 

Suspending agents are present in the formulation to limit 
microparticles settling after reconstitution . Without sus Example 11 pending agents , microparticles starts settling as soon as 20 
shaking stops . In presence of the suspending agents , full 
microparticles settling does not occur in less than 1 minute . Alternative Formulations with a Different Ratio of 
The following data illustrates the good pourability of the IR and MR Fractions suspension assessed by the high recovery of sodium oxybate 
content in the dissolution test : 25 

IR particles were prepared as follows : 1615 . 0 g of sodium Different prototypes were prepared and evaluated to 
oxybate and 85 . 0 g of water soluble polymer polyvinylpyr determine the effect of IR / MR ratio . 
rolidone ( Povidone - PlasdoneTM K30 from ISP ) were solu 
bilized in 1894 . 3 g of absolute ethyl alcohol and 1262 . 9 g of Example 11a 
water . The solution was entirely sprayed onto 300 g of 30 
microcrystalline cellulose spheres ( CelletsTM 127 from Phar 
matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 15 % IR / 85 % IR with MR pH * 6 . 5 Microparticles 
Sodium oxybate IR particles with mean diameter of 271 
microns were obtained . IR particles were prepared as follows : 1615 . 0 g of Sodium MR coated particles were prepared as follows : 39 . 9 g of 35 Oy : 35 Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr methacrylic acid copolymer type C ( EudragitTM L100 - 55 rolidone ( Povidone PlasdoneTM K30 from ISP ) were solu from Evonik ) , 80 . 1 g of methacrylic acid copolymer type B bilized in 1896 . 2 g of absolute ethyl alcohol and 1264 . 4 g of ( EudragitTM S100 from Evonik ) , 180 . 0 g of hydrogenated 
cottonseed oil ( LubritabTM from JRS ) , were dissolved in water . The solution was entirely sprayed onto 300 g of 
2700 . 0 g of isopropanol at 78° C . The solution was sprayed 40 microcrystalline cellulose spheres ( CelletsTM 127 from Phar 
entirely on 700 . 0 g of sodium oxybate IR particles in a fluid matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 
bed spray coater apparatus GlattTM G . P . C . G . 1 . 1 with inlet Sodium oxybate IR particles with mean diameter of 275 
temperature 48° C . , spraying rate around 11 . 5 g per min and microns were obtained . 
atomization pressure 1 . 6 bar . MR coated particles were dried MR coated particles were prepared as follows : 22 . 8 g of 
for 2 hours with inlet temperature set to 56° C . MR particles 45 Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 
of sodium oxybate with mean diameter of 321 microns were from Evonik ) , 45 . 8 g of Methacrylic acid copolymer Type B 
obtained . ( EudragitTM S100 from Evonik ) , 102 . 9 g of Hydrogenated 

The finished composition , which contains a 50 : 50 mixture cottonseed oil ( LubritabTM from JRS ) , were dissolved in of MR and IR sodium oxybate particles calculated on their 1543 . 1 g of isopropanol at 78° C . The solution was sprayed sodium oxybate content , was prepared as follows : 634 . 0 g of 50 enti 30 entirely on 400 . 0 g of IR particles in a fluid bed spray coater the above IR particles , 907 . 6 g of the above MR particles , apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 47° 
25 . 7 g of malic acid ( D / L malic acid regular from Bartek ) , C . , spraying rate around 10 . 8 g per min and atomization 11 . 4 g of xanthan gum ( XanturalTM 75 from CP Kelco ) , 17 . 1 pressure 1 . 3 bar . MR microparticles were dried for 2 hours g of carragenan gum ( ViscarinTM PH209 from FMC Biopo 
lymer ) , 17 . 1 g of hydroxyethylcellulose ( NatrosolTM 250M 55 " with inlet temperature set to 56° C . Sodium oxybate MR 
from Ashland ) and 8 . 1 g of magnesium stearate ( from Peter coated particles with mean diameter of 330 microns were 
Greven ) were mixed in a Roue - Roehn mixer . Individual obtained 
doses of 14 . 20 g ( corresponding to a 9 g dose with half of 17 . 1 g of MR microparticles were mixed with 0 . 09 g of 
the dose as immediate - release fraction and half of the dose magnesium stearate ( from Peter Greven ) . The dissolution 
as modified release fraction ) were weighed . 60 profile of 4000 mg of the mixture which correspond to 2250 

FIG . 32 and Table 10a below depict dissolution profiles of mg of sodium oxybate per vessel was determined in 900 ml 
9 g doses determined using a USP apparatus 2 in 0 . 1N HC1 . of 0 . 1N HCl and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic 
The dissolution medium was maintained at 37 . 0 + 0 . 5° C . and potassium phosphate solution — pH adjusted to 6 . 8 with 5N 
the rotating paddle speed was fixed at 75 rpm . Single dose NaOH ) using the USP apparatus 2 . Dissolution medium 
units were poured in a container containing 50 mL of tap 65 temperature was maintained at 37 . 0 + 0 . 5° C . , and the rotating 
water . After 5 minutes , the suspension was poured in the paddle speed was set at 75 rpm . The release profiles are 
dissolution vessel containing 840 mL of 0 . 1N HCl dissolu - shown in FIG . 33 , Table 1la , and Table 11b . 
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TABLE 11a TABLE 11d 

Dissolution data - 0 . 1N HCI Time ( hour ) % dissolved 

Time ( hour ) % dissolved 0 . 0 

0 . 0 
0 . 25 

o ano OaAWA 
ROWNE 
9 

TABLE 11e 

Time ( hour ) % dissolved 
TABLE 11b 

Dissolution data - 50 mM phosphate buffer pH 6 . 8 0 . 25 
0 . 5 

Time ( hour ) % dissolved 0 . 75 

18 0 . 25 
0 . 5 
0 . 75 

25 Example 11b 

Acidifying agent 

30 % IR / 70 % MR with MR PH * 6 . 2 Microparticles 
The qualitative composition of 4 . 5 g dose units compris 

ing 15 % of the dose as IR fraction and 85 % of the dose as IR particles were prepared as follows : 1615 . 1 g of sodium 
MR fraction is described in Table 11c . oxybate and 85 . 0 g of water soluble polymer polyvinylpyr 

rolidone ( PovidonePlasdoneTM K30 from ISP ) were solu 
TABLE 11c bilized in 1903 . 2 g of absolute ethyl alcohol and 1267 . 1 g of 

water . The solution was entirely sprayed onto 300 g of 
Quantity per 

Component microcrystalline cellulose spheres ( CelletsTM 127 from Phar Function 4 . 5 g dose ( g ) 35 matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 
MR microparticles Modified release fraction 6 . 767 Sodium oxybate IR particles with mean diameter of 268 

of sodium oxybate microns were obtained . IR microparticles Immediate release 0 . 836 
fraction of sodium MR coated particles were prepared as follows : 36 . 6 g of 
oxybate Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 

Malic acid 0 . 034 40 from Evonik ) , 32 . 1 g of methacrylic acid copolymer type B 
Xanthan gum Suspending agent 0 . 050 ( EudragitTM S100 from Evonik ) , 103 . 0 g of hydrogenated Hydroxyethylcellulose Suspending agent 0 . 075 cottonseed oil ( LubritabTM from JRS ) , were dissolved in Carrageenan gum Suspending agent 0 . 075 
Magnesium stearate Lubricant 0 . 039 1543 . 5 g of isopropanol at 78° C . The solution was sprayed 

entirely on 400 . 0 g of IR particles in a fluid bed spray coater 
Total 7 . 876 45 apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 48° 

C . , spraying rate around 12 . 0 g per min and atomization 
The finished composition , which contains a 85 : 15 mixture pressure 1 . 3 bar . MR particles were dried for 2 hours with 

of MR and IR particles calculated on their sodium oxybate inlet temperature set to 56° C . Sodium oxybate MR coated 
content , can be prepared as follows : 100 . 0 g of the above IR particles with mean diameter of 323 microns were obtained . 
particles , 809 . 5 g of the above MR particles , 4 . 0 g of malic 30 17 . 0 g of sodium oxybate MR particles were mixed with 
acid ( D / L malic acid regular from Bartek ) , 6 . 0 g of xanthan 0 . 09 g of magnesium stearate ( from Peter Greven ) . The 
gum ( XanturalTM 75 from CP Kelco ) , 9 . 0 g of carragenan dissolution profile of 4050 mg of the mixture which corre 
gum ( ViscarinTM PH209 from FMC Biopolymer ) , 9 . 0 g of spond to 2280 mg of sodium oxybate per vessel was 
hydroxyethylcellulose ( NatrosolTM 250M from Ashland ) determined in 900 ml of 0 . 1N HCl dissolution medium using 
and 4 . 7 g of magnesium stearate ( from Peter Greven ) were 55 the USP apparatus 2 . Dissolution medium temperature was 
mixed in a Roue - Roehn mixer . Individual doses of 7 . 88 g maintained at 37 . 0 + 0 . 5° C . , and the rotating paddle speed ( corresponding to a 4 . 5 g dose with 15 % of the dose as was set at 75 rpm . The release profile in 0 . 1N HCl is shown immediate - release fraction and 85 % of the dose as modified in FIG . 36 and Table 11f . release fraction ) were weighed . 

After reconstitution with 50 ml of tap water and a rinsing 60 TABLE 11f volume of 10 ml of tap water , the finished composition will 
display the dissolution profiles in FIGS . 34 and 35 and Time ( hour ) % dissolved 
Tables 11d and 1le in 840 ml of 0 . 1N HCl and in pH6 . 8 

0 . 0 phosphate buffer ( 0 . 05M monobasic potassium phosphate 
0 . 3 

solution pH adjusted to 6 . 8 with 5N NaOH ) using a USP 65 1 . 0 
apparatus 2 , at 37 . 0 + 0 . 5° C . and the rotating paddle speed at 
75 rpm . 

Oamt 3 . 0 
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TABLE 11f - continued water . The solution was entirely sprayed onto 300 g of 
microcrystalline cellulose spheres ( CelletsTM 127 from Phar 

Time ( hour ) % dissolved matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 
4 . 0 Sodium oxybate IR particles with mean diameter of 270 
6 . 0 microns were obtained . 
8 . 0 MR coated particles were prepared as follows : 22 . 8 g of 

10 . 0 methacrylic acid copolymer type C ( EudragitTM L100 - 55 12 . 0 95 from Evonik ) , 45 . 8 g of methacrylic acid copolymer type B 16 . 0 100 
( EudragitTM S100 from Evonik ) , 102 . 9 g of hydrogenated 

10 cottonseed oil ( LubritabTM from JRS ) , were dissolved in 
1543 . 1 g of isopropanol at 78° C . The solution was sprayed 

The finished composition , which contains a 70 : 30 mixture entirely on 400 . 0 g of IR particles in a fluid bed spray coater 
of MR and IR sodium oxybate particles calculated on their apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 47° 
sodium oxybate content , was prepared as follows : 92 . 1 g of C . , spraying rate around 10 . 8 g per min and atomization 
the above IR particles , 306 . 5 g of the above MR particles , pressure 1 . 3 bar . MR coated particles were dried for 2 hours 
7 . 5 g of malic acid ( D / L malic acid regular from Bartek ) , 2 . 8 with inlet temperature set to 56° C . Sodium oxybate MR 
g of xanthan gum ( XanturalTM 75 from CP Kelco ) , 4 . 1 g of coated particles with mean diameter of 330 microns were 
carragenan gum ( Viscarin TM PH209 from FMC Biopoly - obtained . 
mer ) , 4 . 1 g of hydroxyethylcellulose ( Natroso1TM 250M Refer to the Example 11a for the dissolution profile of the 
from Ashland ) and 2 . 0 g of magnesium stearate ( from Peterm MR microparticles . The qualitative composition of 4 . 5 g 
Greven ) were mixed in a Roue - Roehn mixer . Individual 20 dose units comprising 65 % of the dose as IR fraction and 
doses of 7 . 62 g ( corresponding to a 4 . 5 g dose with 30 % of 35 % of the dose as MR fraction is described in Table 11i . 
the dose as immediate - release fraction and 70 % of the dose 
as modified release fraction ) were weighed . TABLE ili 

FIGS . 37 and 38 and Tables 11 g and 11h below depict , Quantity per dissolution profiles determined using a USP apparatus 2 in Component Function 4 . 5 g dose ( g ) 
0 . 1N HC1 and pH 6 . 8 phosphate buffer ( 0 . 05M monobasic 
potassium phosphate solution pH adjusted to 6 . 8 with 5N MR microparticles Modified release fraction 2 . 786 

NaOH ) . The dissolution medium was maintained at of sodium oxybate 
IR microparticles Immediate release 3 . 622 37 . 0 + 0 . 5° C . and the rotating paddle speed was fixed at 75 fraction of sodium rpm . Single dose units were poured in a container containing 30 oxybate 

50 mL of tap water . After 5 minutes , the suspension was Malic acid Acidifying agent 0 . 110 

poured in the dissolution vessel containing 840 mL of Xanthan gum Suspending agent 0 . 050 
dissolution medium . 10 mL of water were used to rinse the Hydroxyethylcellulose Suspending agent 0 . 075 

Carrageenan gum Suspending agent 0 . 075 container and were added to the dissolution vessel . Magnesium stearate Lubricant 0 . 034 
35 

TABLE 11g Total 6 . 752 

Time ( hour ) % dissolved in 0 . 1N HCI 
0 . 0 0 . 0 

0 . 3 ? 

1 . 0 
???? ???? 

?? ?? 

3 . 0 
4 . 0 
6 . 0 
8 . 0 

10 . 0 
12 . 0 
16 . 0 

70 
94 
99 

The finished composition , which contains a 85 : 15 mixture 
of sodium oxybate MR and IR particles calculated on their 
sodium oxybate content , can be prepared as follows : 100 . 0 
g of the above IR particles , 76 . 9 g of the above MR coated 
particles , 3 . 0 g of Malic acid ( D / L malic acid regular from 
Bartek ) , 1 . 4 g of xanthan gum ( XanturalTM 75 from CP 
Kelco ) , 2 . 1 g of carragenan gum ( ViscarinTM PH209 from 

43 FMC Biopolymer ) , 2 . 1 g of hydroxyethylcellulose ( Natro 
solTM 250M from Ashland ) and 0 . 9 g of magnesium stearate 
( from Peter Greven ) were mixed in a Roue - Roehn mixer . 
Individual doses of 6 . 75 g ( corresponding to a 4 . 5 g dose 
with 65 % of the dose as immediate - release fraction and 35 % 
of the dose as modified release fraction ) were weighed . 

Dissolution profile : After reconstitution with 50 ml tap 
water and rinsing with 10 ml of tap water , the finished 
composition will display the dissolution profiles in FIGS . 39 
and 40 and Tables 11j and 11k in 840 ml of 0 . 1N HCl and 
in pH 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium 
phosphate solution — pH adjusted to 6 . 8 with 5N NaOH ) 
using a USP apparatus 2 , at 37 . 0 + 0 . 5º C . and the rotating 
paddle speed at 75 rpm . 

TABLE 11h 
Time ( h ) % dissolved in pH 6 . 8 phosphate buffer 

0 . 25 
0 . 5 

64 
87 

100 
100 
102 

60 Example 11c TABLE 11j 
65 % IR / 35 % MR with MR PH * 6 . 5 Microparticles Time ( hour ) % dissolved in 0 . 1N HCI 

0 . 0 
0 . 25 65 

65 
IR particles were prepared as follows : 1615 . 0 g of sodium 

oxybate and 85 . 0 g of water soluble polymer polyvinylpyr - 65 
rolidone ( Povidone PlasdoneTM K30 from ISP ) were solu 
bilized in 1894 . 3 g of absolute ethyl alcohol and 1262 . 9 g of 

?? ?? 
66 
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TABLE 11j - continued TABLE 12a 

Time ( hour ) % dissolved in 0 . 1N HCI Time ( hour ) % dissolved 

0 . 25 

AWAO 12 
16 
20 

10 
12 
16 

TABLE 11k 

Time ( hour ) % dissolved in pH 6 . 8 phosphate buffer The finished composition , which contains a 50 : 50 mixture 
– 15 of sodium oxybate MR coated particles and raw sodium 

oxybate as IR fraction calculated on their sodium oxybate 0 . 25 
0 . 5 content , was prepared as follows : 36 g of raw sodium 
0 . 75 oxybate , 63 . 7 g of the above MR coated particles , 1 . 8 g of 

malic acid ( D / L malic acid regular from Bartek ) , 1 . 6 g of 
xanthan gum ( XanturalTM 75 from CP Kelco ) , 2 . 4 g of 
carragenan gum ( ViscarinTM PH209 from FMC Biopoly 
mer ) , 0 . 047 g of an apple aroma and 0 . 3 g of hydrophilic 

Example 12 fumed silica ( Aerosil 200 from Degussa ) were mixed in a 
Roue - Roehn mixer . Individual doses of 6 . 66 g ( correspond 

Alternative Formulations with IR Fraction Obtained 25 ing to a 4 . 5 g dose with half of the dose as raw sodium 
Using Different Manufacturing Processes oxybate as IR fraction and half of the dose as modified 

release fraction ) were weighed . 
Prototype formulations were developed to test the impact FIG . 42 and Table 12b below depict dissolution profiles 

of different manufacturing processes on the dissolution of determined using a USP apparatus 2 in 0 . 1N HCl . The 
the formulations . 30 dissolution medium was maintained at 37 . 0 + 0 . 5° C . and the 

rotating paddle speed was fixed at 75 rpm . Single dose units 
Example 12a were poured in a container containing 50 mL of tap water . 

After 5 minutes , the suspension was poured in the dissolu 
IR Portion = Raw Sodium Oxybate tion vessel containing 840 mL of 0 . 1N HCl dissolution 

35 medium . 10 mL of water were used to rinse the container 
IR particles to serve as cores of the MR coated micropar - and were added to the dissolution vessel . 

ticles were prepared as follows : 1615 . 0 g of sodium oxybate 
and 85 . 0 g of water soluble polymer polyvinylpyrrolidone TABLE 12b 
( PovidonePlasdoneTM K30 from ISP ) were solubilized in 
1894 . 3 g of absolute ethyl alcohol and 1262 . 9 g of water . 40 Time ( hour ) % dissolved 
The solution was entirely sprayed onto 300 g of microcrys 
talline cellulose spheres ( CelletsTM 127 from Pharmatrans ) 
in a fluid bed spray coater apparatus GPCG1 . 1 . Sodium 
oxybate IR particles with mean diameter of 256 microns 
were obtained . 45 
MR coated particles were prepared as follows : 22 . 8 g of 

methacrylic acid copolymer type C ( EudragitTM L100 - 55 
from Evonik ) , 45 . 8 g of methacrylic acid copolymer type B 
( EudragitTM S100 from Evonik ) , 102 . 9 g of hydrogenated 
cottonseed oil ( LubritabTM from JRS ) , were dissolved in 50 Considering that the 0 . 1N HC1 dissolution profile of the MR 
1542 . 9 g of isopropanol at 78° C . The solution was sprayed coated particles is similar to the MR microparticles from 
entirely on 400 . 0 g of IR particles in a fluid bed spray coater examples 1 and 1bis , the dissolution profile in pH 6 . 8 
apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 48° phosphate buffer of the finished composition is expected to 
C . , spraying rate around 10 g per min and atomization be similar to the profile depicted in FIG . 8 , insofar as the MR 
pressure 1 . 3 bar . MR particles were dried for 2 hours with 55 particles are similar and only the nature of the immediate 
inlet temperature set to 56° C . Sodium oxybate MR coated release fraction was changed . 
particles with mean diameter of 308 microns were obtained . 

25 . 2 g of MR microparticles were mixed with 0 . 26 g of Example 12b 
magnesium stearate ( from Peter Greven ) and 0 . 13 g of 
colloidal silicon dioxide ( AerosilTM 200 from Evonik ) . The 60 IR = Microparticles Obtained by 
dissolution profile of 4000 mg of the mixture which corre Extrusion - Spheronization 
spond to 2250 mg of sodium oxybate per vessel was 
determined in 900 ml of 0 . 1N HCl dissolution medium using IR particles were prepared as follows : 97 g of sodium 
the USP apparatus 2 . Dissolution medium temperature was oxybate and 3 g of water soluble polymer polyvinylpyrroli 
maintained at 37 . 0 + 0 . 5° C . , and the rotating paddle speed 65 done ( Povidone - PlasdoneTM K30 from ISP ) were mixed 
was set at 75 rpm . The release profile in 0 . 1N HC1 is shown with 7 . 5 g of water . The mixture was extruded through a 400 
in FIG . 41 and Table 12a . micron mesh and spheronized at 1500 rpm for 1 . 5 min in an 

WSNOVNO 
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extruder - spheronizer Fuji - Paudal MG - 55 . After drying for 4 Evonik ) , 34 . 3 g of methacrylic acid copolymer type B 
hours at 45° C . in a ventilated oven , microparticles were ( Eudragit S100 from Evonik ) , 77 . 1 g of hydrogenated cot 
sieved between 150 microns and 500 microns . tonseed oil ( Lubritab from JRS ) , are dissolved in 1157 . 9 g 
MR coated particles were prepared as described in of isopropanol at 78° C . The solution is sprayed entirely on 

Example 14 . 5 300 . 0 g of IR particles prepared above in a fluid bed spray 
The finished composition , which contains a 50 : 50 mixture coater apparatus Glatt G . P . C . G . 1 . 1 with inlet temperature 

of MR and IR sodium oxybate particles calculated on their 48° C . , spraying rate around 10 . 7 g per min and atomization 
sodium oxybate content , was prepared as follows : 67 . 4 g of pressure 1 . 3 bar . MR microparticles were dried for 2 hours 
the above IR particles obtained by extrusion - spheronization , with inlet temperature set to 56° C . Sodium oxybate MR 
115 . 6 g of the above MR coated particles , 3 . 3 g of malic acid 10 coated particles with mean diameter of 289 microns are 
( D / L malic acid regular from Bartek ) , 0 . 9 g of xanthan gum obtained . 
( XanturalTM 75 from CP Kelco ) , 0 . 9 g of hydrophilic fumed 25 . 3 g of MR coated microparticles were mixed with 0 . 12 
silica ( Aerosil 200 from Degussa ) and 1 . 9 g of magnesium g of magnesium stearate ( from Peter Greven ) . The dissolu 
stearate ( from Peter Greven ) were mixed in a Roue - Roehn tion profile of 4000 mg of the mixture which correspond to 
mixer . Individual doses of 6 . 54 g ( corresponding to a 4 . 5 g 15 2368 mg of sodium oxybate per vessel was determined in 
dose with half of the dose as immediate - release fraction and 900 ml of 0 . 1N HCl and pH 6 . 8 phosphate buffer ( 0 . 05M 
half of the dose as modified release fraction ) were weighed . monobasic potassium phosphate solution with pH adjusted 

FIG . 43 and Table 12c below depict dissolution profiles to 6 . 8 with 5N NaOH ) using the USP apparatus 2 . Disso 
determined using a USP apparatus 2 in 0 . 1N HCl . The lution medium temperature was maintained at 37 . 0 - 0 . 5° C . , 
dissolution medium was maintained at 37 . 0 + 0 . 5° C . and the 20 and the rotating paddle speed was set at 75 rpm . The release 
rotating paddle speed was fixed at 75 rpm . Single dose units profiles are shown below in FIG . 45 and Tables 13a and 13b . 
were poured in a container containing 50 mL of tap water . 
After 5 minutes , the suspension was poured in the dissolu TABLE 13a 
tion vessel containing 840 mL of 0 . 1N HCl dissolution 
medium . 10 mL of water were used to rinse the container Dissolution data - 0 . 1N HCI 

and were added to the dissolution vessel . Time ( h ) % dissolved 

TABLE 12c 
0 . 25 

Time ( hour ) % dissolved in 0 . 1N HCI 
30 

0 . 25 OOOO AWA 
12 
16 tuoso 35 

TABLE 13b Based on the dissolution profile of the MR coated par 
ticles in pH 6 . 8 phosphate buffer , finished compositions are 
expected to have the dissolution profile in pH 6 . 8 phosphate 
buffer given in Table 12d and FIG . 44 . 

Dissolution data - 50 mM pH 6 . 8 phosphate buffer 
Time ( h ) % dissolved 

TABLE 12d 0 . 25 
45 

Time ( h ) % dissolved in pH 6 . 8 phosphate buffer 
102 
106 

O 
55 0 . 25 

0 . 50 97 
The qualitative composition of 4 . 5 g dose units comprising 
50 % of the dose as IR fraction and 50 % of the dose as MR 
fraction is described in Table 13c . 3 1 . 5 

101 
102 
101 
101 WN TABLE 13c 

Function 
Quantity per 

4 . 5 g dose ( g ) 
3 . 841 

2 . 647 

55 Component Example 13 
MR microparticles 

Alternative Formulation without Binder IR microparticles 
IR particles were prepared as follows : 1700 . 0 g of Sodium 

Oxybate are solubilized in 1899 . 4 g of absolute ethyl alcohol 60 Malic acid 
and 1261 . 3 g of water . The solution is entirely sprayed onto Xanthan gum 
300 g of microcrystalline cellulose spheres ( Cellets 127 Hydroxyethylcellulose 
from Pharmatrans ) in a fluid bed spray coater apparatus Carrageenan gum 

Magnesium stearate GPCG1 . 1 . Sodium oxybate IR particles with mean diameter 
of 244 microns are obtained . 65 Total 
MR coated particles were prepared as follows : 17 . 1 g of 

methacrylic acid copolymer type C ( Eudragit L100 - 55 from 

Modified release fraction 
of sodium oxybate 
Immediate release 
fraction of sodium 
oxybate 
Acidifying agent 
Suspending agent 
Suspending agent 
Suspending agent 
Lubricant 

0 . 113 
0 . 050 
0 . 075 
0 . 075 
0 . 034 

6 . 835 
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After reconstitution with 50 ml of tap water and rinsing sic potassium phosphate solution — pH adjusted to 6 . 8 with 

with 10 ml of tap water , the finished composition is expected 5N NaOH ) . Dissolution medium temperature was main 
to provide the following dissolution profiles in FIGS . 46 and tained at 37 . 0 + 0 . 5° C . , and the rotating paddle speed was set 
47 and Tables 13d and 13e in 840 ml of 0 . 1N HCl and pH6 . 8 at 100 rpm . The release profile in 0 . 1N HC1 and pH 6 . 8 
phosphate buffer ( 0 . 05M monobasic potassium phosphate 5 phosphate buffer is shown below in FIG . 48 and Tables 14a 
solution with pH adjusted to 6 . 8 with 5N NaOH ) using a and 14b . 
USP apparatus 2 , at 37 . 0 + 0 . 5º C . and the rotating paddle 
speed at 75 rpm . TABLE 14a 

Dissolution data - 0 . 1N HCI 10 TABLE 13d 
Time ( h ) Ti % dissolved Time ( h ) % dissolved in 0 . 1N HCI 

0 . 0 0 . 25 

64 

0 . 3 
1 . 0 
3 . 0 
4 . 0 
6 . 0 
8 . 0 

10 . 0 
12 . 0 
16 . 0 
20 . 0 

75 12 
84 16 
91 
98 
101 

TABLE 14b 
Dissolution data - 50 mM pH 6 . 8 phosphate buffer 

TABLE 13e 
Time ( h ) % dissolved 

Time ( h ) % dissolved in pH 6 . 8 buffer 
0 . 25 
0 . 5 0 . 25 

1 . 0 
53 
101 
103 

30 

The qualitative composition of 4 . 5 g dose units comprising 
Example 14 50 % of the dose as IR fraction and 50 % of the dose as MR 

35 fraction is described in Table 14c . 
MR Particles with Larger Core Size ( 160 Microns ) 

TABLE 14c 
Different prototypes were also developed to evaluate the 

impact of the core size on the dissolution of the formulation . Quantity per 
Component Function IR particles were prepared as follows : 1615 . 0 g of sodium 40 4 . 5 g dose ( g ) 

oxybate and 85 . 0 g of water soluble polymer polyvinylpyr - MR microparticles Modified release fraction 2 . 786 
rolidone ( Povidone PlasdoneTM K30 from ISP ) were solu of sodium oxybate 

Immediate release IR microparticles 3 . 981 bilized in 1894 . 3 g of absolute ethyl alcohol and 1262 . 9 g of fraction of sodium 
water . The solution was entirely sprayed onto 300 g of oxybate 
microcrystalline cellulose spheres ( CelletsTM 100 from Phar - 45 Malic acid Acidifying agent 0 . 113 
matrans ) ( D [ 4 , 3 ] = 160 microns ) in a fluid bed spray coater Xanthan gum Suspending agent 0 . 050 

apparatus GPCG1 . 1 . Sodium oxybate IR particles with mean Hydroxyethylcellulose 0 . 075 Suspending agent 
Carrageenan gum Suspending agent 0 . 075 

diameter of 310 microns were obtained Magnesium stearate Lubricant 0 . 037 
MR coated particles were prepared as follows : 25 . 7 g of 

methacrylic acid copolymer type C ( EudragitTM L100 - 55 50 Total 7 . 115 
from Evonik ) , 51 . 5 g of methacrylic acid copolymer type B 
( EudragitTM S100 from Evonik ) , 115 . 7 g of hydrogenated After reconstitution with 50 ml of tap water and rinsing 
cottonseed oil ( LubritabTM from JRS ) , were dissolved in with 10 ml of tap water , the finished composition is expected 
1735 . 7 g of isopropanol at 78° C . The solution was sprayed to provide the dissolution profiles in FIGS . 49 and 50 and 
entirely on 450 . 0 g of IR particles in a fluid bed spray coater 55 Table 140 and 14e in 840 ml of 0 . 1N HCl and in pH6 . 8 
apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 47° phosphate buffer ( 0 . 05M monobasic potassium phosphate 
C . , spraying rate around 9 . 6 g per min and atomization solution with pH adjusted to 6 . 8 with 5N NaOH ) using a 
pressure 1 . 6 bar . MR particles were dried for 2 hours with USP apparatus 2 , at 37 . 0 + 0 . 5° C . and the rotating paddle 
inlet temperature set to 56° C . Sodium oxybate MR coated speed at 75 rpm . 
particles with mean diameter of 370 microns were obtained . 60 
49 . 3 g of sodium oxybate MR particles were mixed with TABLE 14d 

0 . 52 g of magnesium stearate ( from Peter Greven ) and 0 . 26 
g of colloidal silicon dioxide ( AerosilTM 200 from Evonik ) . Time ( hour ) % dissolved in 0 . 1N HCI 
The dissolution profile of 4000 mg of the mixture which 
correspond to 2250 mg of sodium oxybate per vessel was 65 
determined using the USP apparatus 2 in 900 ml of 0 . 1N 
HCl medium and pH 6 . 8 phosphate buffer ( 0 . 05M monoba 

0 
0 . 25 
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TABLE 14d - continued TABLE 15a 

Time ( hour ) % dissolved in 0 . 1N HCI Time ( h ) % dissolved in 0 . 1N HCI 
0 . 25 

OOO AWO 96 
101 
102 
102 10 

TABLE 14e 

Time ( hour ) % dissolved in pH 6 . 8 buffer 
O 

Alternative MR coated particles of sodium oxybate were 
prepared according to the above manufacturing protocol 
with the coating level adjusted to 50 % instead of 35 % . The 
dissolution profile of the alternative sodium oxybate MR 
particles was determined using the same protocol as above . 
The 0 . 1N HCl dissolution profile is shown in FIG . 52 and 
Table 15b . 

0 . 25 55 
?? ?? 101 

101 

20 TABLE 15b Example 15 
Time ( h ) % dissolved 

MR Microparticles with Different Ratios of 
LubritabTM and EudragitTM 0 . 25 

25 

Different prototypes were developed to evaluate the effect 
of the ratio between LubritabTM and EudragitTM on the 
formulation . 5 

30 

Example 15a The finished composition , which contains a 50 : 50 mixture 
of MR and IR sodium oxybate particles calculated on their 
sodium oxybate content , was prepared as follows : 153 . 3 g of 30 % LubritabTM ; CelletsTM 127 ; Coating the above IR microparticles , 235 . 8 g of the above sodium Level = 35 % oxybate MR microparticles with a coating level of 30 % , 6 . 2 
g of malic acid ( D / L malic acid regular from Bartek ) , 2 . 7 g 

IR particles were prepared as follows : 1615 . 0 g of Sodium of xanthan gum ( XanturalTM 75 from CP Kelco ) , 4 . 1 g of 
Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr carragenan gum ( ViscarinTM PH109 from FMC Biopoly 
rolidone ( Povidone - PlasdoneTM K30 from ISP ) were solu 40 mer ) , 4 . 1 g of hydroxyethylcellulose ( NatrosolTM 250M 
bilized in 1894 . 3 g of absolute ethyl alcohol and 1262 . 9 g of * from Ashland ) and 2 . 0 g of magnesium stearate ( from Peter 
water . The solution was entirely sprayed onto 300 g of Greven ) were mixed in a Roue - Roehn mixer . Individual microcrystalline cellulose spheres ( CelletsTM 100 from Phar doses of 7 . 42 g ( corresponding to a 4 . 5 g dose with half of 
matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . the dose as immediate - release fraction and half of the dose 
Sodium oxybate IR particles with mean diameter of 272 as modified release fraction ) were weighed . 
microns were obtained . FIG . 53 and Table 15c below depict dissolution profiles 
MR coated particles were prepared as follows : 50 . 2 g of determined using a USP apparatus 2 in 0 . 1N HC1 . The 

Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 dissolution medium was maintained at 37 . 0 + 0 . 5° C . and the 
from Evonik ) , 100 . 6 g of Methacrylic acid copolymer Type rotating paddle speed was fixed at 75 rpm . Single dose units 
B ( EudragitTM S100 from Evonik ) , 64 . 6 g of Hydrogenated so were poured in a container containing 50 mL of tap water . 
cottonseed oil ( LubritabTM from JRS ) , were dissolved in After 5 minutes , the suspension was poured in the dissolu 
1943 . 5 g of isopropanol at 78° C . The solution was sprayed tion vessel containing 840 mL of 0 . 1N HC1 dissolution 
entirely on 400 . 0 g of IR particles in a fluid bed spray coater medium . 10 mL of water were used to rinse the container 
apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 48° C . , and were added to the dissolution vessel . 
spraying rate around 11 . 0 g per min and atomization pres - 55 
sure 1 . 3 bar . MR microparticles were dried for 2 hours with TABLE 150 
inlet temperature set to 56° C . Sodium oxybate MR coated 

Time ( hour ) % dissolved particles with mean diameter of 403 microns were obtained . 
17 . 9 g of sodium oxybate MR microparticles were mixed 

0 . 25 with 0 . 1 g of magnesium stearate ( from Peter Greven ) . The 60 
dissolution profile of 4308 mg of the mixture which corre 
sponds to 2250 mg of sodium oxybate per vessel was 
determined using the USP apparatus 2 in 900 ml of 0 . IN 
HC1 medium . Dissolution medium temperature was main 
tained at 37 . 0 - 0 . 5° C . , and the rotating paddle speed was set 65 
at 75 rpm . The release profile is shown in FIG . 51 and Table 
15a . 
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Example 15b TABLE 15f 

Total 

15 

CelphereTM CP203 as neutral cores and coating Quantity per 
Component Function 4 . 5 g dose ( g ) level = 35 % 

5 MR microparticles Modified release fraction of 5 . 205 

IR particles were prepared as follows : 665 . 0 g of Sodium sodium oxybate 
IR microparticles Immediate release fraction of 3 . 383 Oxybate and 35 . 0 g of water soluble polymer polyvinylpyr sodium oxybate 

rolidone ( Povidone — PlasdoneTM K30 from ISP ) were solu - Malic acid Acidifying agent 0 . 113 

bilized in 781 . 2 g of absolute ethyl alcohol and 521 . 6 g of Xanthan gum 0 . 050 Suspending agent 
10 Hydroxyethylcellulo Suspending agent 0 . 075 water . The solution was entirely sprayed onto 300 g of Carrageenan gum Suspending agent 0 . 075 

microcrystalline cellulose spheres ( CelphereTM CP203 from Magnesium stearate Lubricant 0 . 045 

Asahi Kasei mean diameter D [ 4 , 3 ] = 250 microns ) in a fluid 8 . 946 bed spray coater apparatus GPCG1 . 1 . Sodium oxybate IR 
particles with mean diameter of 398 microns were obtained . 15 . 
MR coated particles were prepared as follows : 37 . 6 g of After reconstitution , the finished composition is expected 

Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 to exhibit the dissolution profiles in FIGS . 55 and 56 and 
from Evonik ) , 75 . 4 g of Methacrylic acid copolymer Type B Tables 15g and 15h in 0 . 1N HCl and in pH6 . 8 phosphate 
( EudragitTM S100 from Evonik ) , 48 . 5 g of Hydrogenated buffer ( 0 . 05M monobasic potassium phosphate solution with 
cottonseed oil ( LubritabTM from JRS ) , were dissolved in 20 pH adjusted to 6 . 8 with 5N NaOH ) using a USP apparatus 
1458 . 0 g of isopropanol at 78° C . The solution was sprayed 2 , at 37 . 0 + 0 . 5° C . and the rotating paddle speed at 75 rpm . 
entirely on 300 . 0 g of IR particles in a fluid bed spray coater 
apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 48° TABLE 15 g 
C . , spraying rate around 11 . 7 g per min and atomization % dissolved in 0 . 1N pressure 1 . 6 bar . MR microparticles were dried for 2 hours 25 Time ( h ) ??? 
with inlet temperature set to 56° C . Sodium oxybate MR 
coated particles with mean diameter of 491 microns were 
obtained . 

17 . 0 g of MR microparticles were mixed with 0 . 08 g of 
magnesium stearate ( from Peter Greven ) . The dissolution 30 
profile of 5210 mg of the mixture which corresponds to 2250 
mg of sodium oxybate per vessel was determined using the 
USP apparatus 2 in 900 ml of 0 . 1N HC1 medium and in pH 
6 . 8 phosphate buffer ( 0 . 05M monobasic potassium phos 
phate solution — pH adjusted to 6 . 8 with 5N NaOH ) . Disso - 35 
lution medium temperature was maintained at 37 . 0 + 0 . 5° C . , TABLE 15h 
and the rotating paddle speed was set at 75 rpm . The release % dissolved in pH 6 . 8 profile is shown in FIG . 54 and Tables 150 and 15e . Time ( h ) buffer 

0 . 25 

owa AW 

TABLE 150 40 
0 . 25 
0 . 5 Dissolution data - 0 . 1N HCI 0 . 75 

Time ( hour ) % dissolved 

45 
0 . 25 

# wwo Example 15c 

50 W 40 % LubritabTM ( Coating Level = 40 % ) 
50 

IR pellets were prepared as follows : 1615 . 0 g of Sodium 
Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr 
rolidone ( Povidone PlasdoneTM K30 from ISP ) were solu 

TABLE 15e bilized in 1903 . 2 g of absolute ethyl alcohol and 1267 . 1 g of 
water . The solution was entirely sprayed onto 300 g of Dissolution data - 50 mM pH 6 . 8 phosphate buffer microcrystalline cellulose spheres ( CelletsTM 127 from Phar 

Time ( h ) % dissolved matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 
Sodium oxybate IR particles with mean diameter of 268 
microns were obtained . 0 . 25 

60 MR coated particles were prepared as follows : 40 . 6 g of 
0 . 75 Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 

from Evonik ) , 80 . 1 g of Methacrylic acid copolymer Type B 
( EudragitTM S100 from Evonik ) , 80 . 5 g of Hydrogenated 
cottonseed oil ( LubritabTM from JRS ) , were dissolved in 

The qualitative composition of 4 . 5 g dose units compris - 65 1799 . 4 g of isopropanol at 78° C . The solution was sprayed 
ing 50 % of the dose as IR fraction and 50 % of the dose as entirely on 300 . 0 g of IR particles in a fluid bed spray coater 
MR fraction is described in Table 15f . apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 48° C . , 

0 . 5 
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TABLE 15k 

% dissolved in pH 6 . 8 buffer 
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93 

spraying rate around 10 . 5 g per min and atomization pres 
sure 1 . 3 bar . MR microparticles were dried for 2 hours with 
inlet temperature set to 56° C . Sodium oxybate MR coated Time ( h ) 
particles with mean diameter of 348 microns were obtained . 

20 . 0 g of MR coated particles were mixed with 0 . 1 g of 0 . 25 
magnesium stearate ( from Peter Greven ) . The dissolution 
profile of 4700 mg of the mixture which corresponds to 2250 
mg of sodium oxybate per vessel was determined using the 
USP apparatus 2 in 900 ml of 0 . 1N HC1 medium . Dissolu - 10 
tion medium temperature was maintained at 37 . 0 - 0 . 5° C . , 
and the rotating paddle speed was set at 75 rpm . The release 
profile is shown in FIG . 57 and Table 15i . 

0 . 5 

Example 15d 
TABLE 15i 15 

Time ( h ) % dissolved in 0 . 1N HCI 70 % LubritabTM ( Coating Level 25 % ) 

IR particles were prepared as follows : 1615 . 1 g of Sodium 
20 Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr 

rolidone ( PovidonePlasdoneTM K30 from ISP ) were solu 
bilized in 1894 . 4 g of absolute ethyl alcohol and 1262 . 9 g of 
water . The solution was entirely sprayed onto 300 g of 
microcrystalline cellulose spheres ( CelletsTM 127 from Phar 25 matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 
Sodium oxybate IR particles with mean diameter of 272 

The finished composition , which contains a 50 : 50 mixture microns were obtained . 
of MR and IR particles calculated on their sodium oxybate MR coated particles were prepared as follows : 13 . 3 g of 
content , was prepared as follows : 156 . 0 g of the above IR 30 Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 
particles , 260 . 0 g of the above MR coated particles . 6 . 3 g of from Evonik ) , 26 . 8 g of Methacrylic acid copolymer Type B 
malic acid ( D / L malic acid regular from Bartek ) . 2 . 8 g of ( EudragitTM S100 from Evonik ) , 93 . 3 g of Hydrogenated 
xanthan gum ( Xantura TM 75 from CP Kelco ) . 4 . 2 g of cottonseed oil ( LubritabTM from JRS ) , were dissolved in 
carragenan gum ( ViscarinTM PH209 from FMC Biopoly - 1200 . 3 g of isopropanol at 78° C . The solution was sprayed 
mer ) , 4 . 2 g of hydroxyethylcellulose ( NatrosolTM 250M 35 entirely on 400 . 0 g of IR particles in a fluid bed spray coater 
from Ashland ) and 2 . 2 g of magnesium stearate ( from Peter apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 48° C . , 
Greven ) were mixed in a Roue - Roehn mixer . Individual spraying rate around 10 . 6 g per min and atomization pres 
doses of 7 . 78 g ( corresponding to a 4 . 5 g dose with half of sure 1 . 3 bar . MR microparticles were dried for 2 hours with 
the dose as immediate - release fraction and half of the dose inlet temperature set to 56° C . Sodium oxybate MR coated 
as modified release fraction ) were weighed . particles with mean diameter of 313 microns were obtained . 
FIGS . 58 and 59 and Tables 15j and 15k below depict 17 . 0 g of MR coated particles were mixed with 0 . 06 g of 

dissolution profiles determined in 0 . 1N HCl and pH 6 . 8 magnesium stearate ( from Peter Greven ) . The dissolution 
buffer ( 0 . 05M monobasic potassium phosphate solution with profile of 3750 mg of the mixture which corresponds to 2250 
pH adjusted to 6 . 8 with 5N NaOH ) using a USP apparatus 45 mg of sodium oxybate per vessel was determined using the 
2 . The dissolution medium was maintained at 37 . 0 + 0 . 5° C . USP apparatus 2 in 900 ml of 0 . 1N HC1 medium and pH6 . 8 
and the rotating paddle speed was fixed at 75 rpm . Single phosphate buffer ( 0 . 05M monobasic potassium phosphate 
dose units were poured in a container containing 50 mL of solution pH adjusted to 6 . 8 with 5N NaOH ) . Dissolution 
tap water . After 5 minutes , the suspension was poured in the medium temperature was maintained at 37 . 0 + 0 . 5° C . , and 
dissolution vessel containing 840 mL of 0 . 1N HCl dissolu - 50 the rotating paddle speed was set at 75 rpm . The release 
tion medium . 10 mL of water were used to rinse the profile is shown in FIG . 60 and Tables 151 and 15m . 
container and were added to the dissolution vessel . 

TABLE 151 
TABLE 15j 

Dissolution profile in 0 . 1N HCI 
Time ( h ) % dissolved in 0 . 1N HCI 

Time ( h ) % dissolved 

55 

0 . 25 
0 . 25 

16 
20 
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15m . Dissolution Profile in 50 mM pH 6 . 8 Phosphate Example 16 

Buffer 
Evaluation of Different Hydrophobic Compounds in 

Time ( h ) % dissolved the Coating 

0 . 0 
0 . 25 

0 . 5 

Prototypes with different hydrophobic coatings were pre 
pared and evaluated to determine the effect of coating type 
on the dissolution of the formulations . 97 10 

108 
114 Example 16a 

15 The finished composition , which contains a 50 : 50 mixture Glyceryl Dibehenate ( CompritolTM ATO888 ) 
of MR and IR particles calculated on their sodium oxybate 
content , was prepared as follows : 153 . 3 g of the above IR IR particles were prepared as follows : 1615 . 0 g of Sodium 
particles , 204 . 3 g of the above MR coated particles , 6 . 2 g of Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr 
Malic acid ( D / L malic acid regular from Bartek ) , 2 . 7 g of rolidone ( Povidone PlasdoneTM K30 from ISP ) were solu 
xanthan gum ( XanturalTM 75 from CP Kelco ) , 4 . 1 g of 20 bilized in 1903 . 2 g of absolute ethyl alcohol and 1267 . 1 g of 
carragenan gum ( ViscarinTM PH209 from FMC Biopoly water . The solution was entirely sprayed onto 300 g of 
mer ) , 4 . 1 g of hydroxyethylcellulose ( NatrosolTM 250M microcrystalline cellulose spheres ( CelletsTM 127 from Phar 
from Ashland ) and 1 . 9 g of magnesium stearate ( from Peter matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 
Greven ) were mixed in a Roue - Roehn mixer . Individual Sodium oxybate IR particles with mean diameter of 268 
doses of 6 . 85 g ( corresponding to a 4 . 5 g dose with half of 25 microns were obtained . 
the dose as immediate - release fraction and half of the dose MR coated particles were prepared as follows : 22 . 9 g of as modified release fraction ) were weighed . Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 

FIG . 61 and Table 15n depict the dissolution profiles from Evonik ) , 45 . 8 g of Methacrylic acid copolymer Type B 
determined in 0 . 1N HCl using a USP apparatus 2 . The 30 ( EudragitTM S100 from Evonik ) , 102 . 9 g of glyceryl dibe 
dissolution medium was maintained at 37 . 0 + 0 . 5° C . and the henate ( CompritolTM ATO 888 from Gattefossé ) , were dis 
rotating paddle speed was fixed at 75 rpm . Single dose units solved in 1371 . 8 g of isopropanol at 78° C . The solution was 
were poured in a container containing 50 mL of tap water . sprayed entirely on 400 . 0 g of IR particles in a fluid bed 
After 5 minutes , the suspension was poured in the dissolu spray coater apparatus GlattTM G . P . C . G . 1 . 1 with inlet tem 
tion vessel containing 840 mL of 0 . 1N HCl dissolution 35 perature 48° C . , spraying rate around 11 . 7 g per min and 
medium . 10 mL of water were used to rinse the container atomization pressure 1 . 6 bar MR microparticles were dried 
and were added to the dissolution vessel . for 2 hours with inlet temperature set to 56° C . Sodium 

oxybate MR coated particles with mean diameter of 322 
TABLE 15n microns were obtained . 

Time ( h ) % dissolved 17 . 0 g of MR coated particles were mixed with 0 . 1 g of 
magnesium stearate ( from Peter Greven ) . The dissolution 
profile of 4000 mg of the mixture which corresponds to 2250 
mg of sodium oxybate per vessel was determined using the 

45 USP apparatus 2 in 900 ml of 0 . 1N HC1 medium and in pH 
6 . 8 phosphate buffer ( 0 . 05M monobasic potassium phos 
phate solution — pH adjusted to 6 . 8 with 5N NaOH ) . Disso 
lution medium temperature was maintained at 37 . 0 + 0 . 5° C . , 100 and the rotating paddle speed was set at 75 rpm . The release 

100 50 profile is shown in FIG . 63 and Tables 16a and 16b . 

40 

0 . 25 

8GBE AW 
100 

TABLE 16a 

Dissolution profile - 0 . 1N HCI 
Based on the dissolution profile of the MR coated particles 
in pH 6 . 8 phosphate buffer , single dose units are expected to 
have the dissolution profile in pH6 . 8 buffer shown in FIG . 62 55 
and in Table 150 . Time ( h ) % dissolved 

TABLE 150 0 . 25 

Time ( h ) % dissolved in pH 6 . 8 buffer 

0 . 0 9889wawroo 0 . 25 
72 

? ??? ??? 
99 

104 
107 
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TABLE 16b microcrystalline cellulose spheres ( CelletsTM 127 from Phar 
matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . 

Dissolution profile - 50 mM pH 6 . 8 phosphate buffer Sodium oxybate IR particles with mean diameter of 255 
Time ( h ) % dissolved microns were obtained . 

MR coated particles were prepared as follows : 13 . 3 g of 
Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 0 . 25 

102 from Evonik ) , 26 . 7 g of Methacrylic acid copolymer Type B 
( EudragitTM S100 from Evonik ) , 60 . 0 g of candelilla wax 
( KahlwaxTM 2039L from Brenntag ) , were dissolved in 902 . 2 

The finished composition , which contains a 50 : 50 mixture g of isopropanol at 78° C . The solution was sprayed entirely 
of MR and IR particles calculated on their sodium oxybate on 400 . 0 g of IR particles in a fluid bed spray coater 
content , was prepared as follows : 181 . 1 g of the above IR apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 48° C . , 
particles , 258 . 7 g of the above MR coated particles , 7 . 3 g of spraying rate around 12 . 8 g per min and atomization pres 
Malic acid ( D / L malic acid regular from Bartek ) , 3 . 3 g of 15 sure 1 . 3 bar . MR microparticles were dried for 2 hours with 
xanthan gum ( XanturalTM 75 from CP Kelco ) , 4 . 9 g of inlet temperature set to 56° C . Sodium oxybate MR coated 
carragenan gum ( ViscarinTM PH209 from FMC Biopoly - particles with mean diameter of 289 microns were obtained . 
mer ) , 4 . 9 g of hydroxyethylcellulose ( NatrosolTM 250M 21 . 2 g of MR microparticles were mixed with 0 . 11 g of from Ashland ) and 2 . 3 g of magnesium stearate ( from Peter 
Greven ) were mixed in a Roue - Roehn mixer . Individual magnesium stearate ( from Peter Greven ) . The dissolution 
doses of 7 . 12 g ( corresponding to a 4 . 5 g dose with half of 40 profile of 4000 mg of the mixture which corresponds to 2570 
the dose as immediate - release fraction and half of the dose mg of sodium oxybate per vessel was determined using the 
as modified release fraction ) were weighed . USP apparatus 2 in 900 ml of 0 . 1N HC1 medium and in pH 

FIG . 64 and Table 16c depict dissolution profiles deter - 6 . 8 phosphate buffer ( 0 . 05M monobasic potassium phos 
mined in 0 . 1N HCl using a USP apparatus 2 . The dissolution phate solution — pH adjusted to 6 . 8 with 5N NaOH ) . Disso 
medium was maintained at 37 . 0 + 0 . 5° C . and the rotating 23 lution medium temperature was maintained at 37 . 0 + 0 . 5° C . , 
paddle speed was fixed at 75 rpm . Single dose units were and the rotating paddle speed was set at 75 rpm . The release 
poured in a container containing 50 mL of tap water . After profiles are shown below in FIG . 66 and Tables 16e and 16f . 5 minutes , the suspension was poured in the dissolution 
vessel containing 840 mL of 0 . 1N HCl dissolution medium . TABLE 16e 10 mL of water were used to rinse the container and were 30 – 
added to the dissolution vessel . Dissolution profile - 0 . 1N HCI 

TABLE 160 Time ( h ) % dissolved 

Time ( hour ) % dissolved in 0 . 1N HCI 35 0 . 25 

0 . 25 

OM ON OOOOHNnnmt 40 

16 
20 

45 
TABLE 161 Based on the dissolution profile of the MR microparticles 

alone in pH 6 . 8 phosphate buffer , single dose units are 
expected to have the dissolution profile at pH6 . 8 shown in 
FIG . 65 and in Table 16d . 

Dissolution profile - 50 mM pH 6 . 8 phosphate buffer 

Time ( h ) % dissolved 
50 

TABLE 160 
0 . 25 

Time ( hour ) % dissolved in pH 6 . 8 buffer 0 . 5 
0 . 75 62 

89 
101 0 . 25 50 

101 
102 

55 
w 

The qualitative composition of 4 . 5 g dose units comprising 
50 % of the dose as IR fraction and 50 % of the dose as MR 
fraction is described in Table 16 g . Example 16b 60 

60 % Candelilla Wax with Coating Level of 20 % TABLE 16g 
Quantity per 

4 . 5 g dose ( g ) Function IR particles were prepared as follows : 1615 . 1 g of Sodium Component Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr 
rolidone ( PovidonePlasdoneTM K30 from ISP ) were solu - 65 MR microparticles 
bilized in 1894 . 4 g of absolute ethyl alcohol and 1262 . 9 g of 
water . The solution was entirely sprayed onto 300 g of 

3 . 483 Modified release fraction 
of sodium oxybate 
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TABLE 16g - continued water . The solution was entirely sprayed onto 300 g of 
microcrystalline cellulose spheres ( CelletsTM 127 from Phar 

Quantity per matrans ) in a fluid bed spray coater apparatus GPCG1 . 1 . Component Function 4 . 5 g dose ( g ) Sodium oxybate IR particles with mean diameter of 270 
IR microparticles Immediate release 2 . 786 5 microns were obtained . 

fraction of sodium MR coated particles were prepared as follows : 20 . 0 g of oxybate 
Malic acid Acidifying agent Methacrylic acid copolymer Type C ( EudragitTM L100 - 55 
Xanthan gum Suspending agent 0 . 050 from Evonik ) , 40 . 0 g of Methacrylic acid copolymer Type B 
Hydroxyethylcellulose Suspending agent 0 . 075 ( EudragitTM S100 from Evonik ) , 40 . 0 g of candelilla wax Carrageenan gum Suspending agent 0 . 075 10 ( KahlwaxTM 2039L from Brenntag ) , were dissolved in 904 . 0 Magnesium stearate Lubricant 0 . 033 

g of isopropanol at 78° C . The solution was sprayed entirely 
Total 6 . 615 on 400 . 0 g of IR particles in a fluid bed spray coater 

apparatus GlattTM G . P . C . G . 1 . 1 with inlet temperature 48° C . , 
The finished composition , which contains a 50 : 50 mixture 15 spraying rate around 10 . 9 g per min and atomization pres 

of MR and IR particles calculated on their sodium oxybate sure 1 . 3 bar . MR microparticles were dried for 2 hours with 
content , can be prepared as follows : 200 . 0 g of the above IR inlet temperature set to 56° C . Sodium oxybate MR coated 
particles , 250 . 0 g of the above MR coated particles , 8 . 1 g of particles with mean diameter of 302 microns were obtained . 
Malic acid ( D / L malic acid regular from Bartek ) , 3 . 6 g of 17 . 0 g of MR microparticles were mixed with 0 . 08 g of 
xanthan gum ( XanturalTM 75 from CP Kelco ) , 5 . 4 g of 20 magnesium stearate ( from Peter Greven ) . The dissolution 
carragenan gum ( ViscarinTM PH209 from FMC Biopoly - profile of 3500 mg of the mixture which corresponds to 2250 
mer ) , 5 . 4 g of hydroxyethylcellulose ( NatrosolTM 250M mg of sodium oxybate per vessel was determined using the 
from Ashland ) and 2 . 4 g of magnesium stearate ( from Peter USP apparatus 2 in 900 ml of 0 . 1N HC1 medium and pH 6 . 8 
Greven ) were mixed in a Roue - Roehn mixer . Individual phosphate buffer ( 0 . 05M monobasic potassium phosphate 
doses of 6 . 61 g ( corresponding to a 4 . 5 g dose with half of 25 solution — pH adjusted to 6 . 8 with 5N NaOH ) is given in 
the dose as immediate - release fraction and half of the dose FIG . 69 and Tables 16j and 16k . Dissolution medium 
as modified release fraction ) were weighed . temperature was maintained at 37 . 0 + 0 . 5° C . , and the rotating 

After reconstitution , the finished composition is expected paddle speed was set at 75 rpm . 
to provide the dissolution profiles in FIGS . 67 and 68 and 
Tables 16h and 16i in 0 . 1N HCl and in pH6 . 8 phosphate 30 TABLE 16j 
buffer ( 0 . 05M monobasic potassium phosphate solution with Dissolution profile in 0 . 1N HCI pH adjusted to 6 . 8 with 5N NaOH ) using a USP apparatus 
2 , at 37 . 0 - 0 . 5° C . and the rotating paddle speed at 75 rpm . Time ( h ) % dissolved 

TABLE 16h 35 0 . 25 

Time ( hour ) % dissolved in 0 . 1N HCI vuoa WOO 
0 . 25 

O 

OOO AWA 12 70 
16 97 

100 20 
10 
12 
16 
20 TABLE 16k 

Dissolution profile in 50 mM pH 6 . 8 phosphate buffer 

TABLE 161 Time ( h ) % dissolved 

Time ( hour ) % dissolved in pH 6 . 8 buffer 24 0 . 25 
0 . 5 
0 . 75 

86 
99 0 . 25 

0 . 5 
0 . 75 

100 
100 

The qualitative composition of 4 . 5 g dose units comprising 
50 % of the dose as IR fraction and 50 % of the dose as MR 
fraction is described in Table 161 . Example 160 60 

TABLE 161 40 % Candelilla Wax ( Coating Level = 20 % ) 
Quantity per 

4 . 5 g dose ( g ) Function IR particles were prepared as follows : 1615 . 1 g of Sodium Component 

Oxybate and 85 . 0 g of water soluble polymer polyvinylpyr - 65 MR microparticles 
rolidone ( Povidone — PlasdoneTM K30 from ISP ) were solu 
bilized in 1894 . 4 g of absolute ethyl alcohol and 1262 . 9 g of 

3 . 483 Modified release fraction 
of sodium oxybate 
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