
 

  

Charles M. Lizza 
William C. Baton 
SAUL EWING LLP 
One Riverfront Plaza, Suite 1520 
Newark, New Jersey  07102-5426 
(973) 286-6700 
clizza@saul.com 

Attorneys for Plaintiffs 
Jazz Pharmaceuticals, Inc. and  
Jazz Pharmaceuticals Ireland Limited 

UNITED STATES DISTRICT COURT 
DISTRICT OF NEW JERSEY 

JAZZ PHARMACEUTICALS, INC. and 
JAZZ PHARMACEUTICALS IRELAND 
LIMITED, 

  Plaintiffs, 

 v. 

PAR PHARMACEUTICAL, INC., 

  Defendant. 

 
Civil Action No. ____________________ 
 
COMPLAINT FOR 
PATENT INFRINGEMENT 
 
 
(Filed Electronically) 

 
Plaintiffs Jazz Pharmaceuticals, Inc. and Jazz Pharmaceuticals Ireland Limited 

(collectively, �Jazz Pharmaceuticals�), by their undersigned attorneys, for their Complaint 

against defendant Par Pharmaceutical, Inc. (�Par�), allege 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 Par�s filing of an Abbreviated New Drug 

Application (�ANDA�) with the United States Food and Drug Administration (�FDA�) seeking 

approval to commercially market a generic version of Jazz Pharmaceuticals� XYREMfi drug 

product prior to the expiration of United States Patent No. 8,772,306 (�the �306 patent� or �the 

patent-in-suit�). 
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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 3180 Porter Drive, Palo 

Alto, California 94304. 

3. Plaintiff Jazz Pharmaceuticals Ireland Limited is a corporation organized and 

existing under the laws of Ireland, having a principal place of business at One Burlington Road, 

Fourth Floor, Connaught House, Dublin, Ireland 4. 

4. On information and belief, defendant Par Pharmaceutical, Inc. is a corporation 

organized and existing under the laws of the State of Delaware, having a principal place of 

business at 300 Tice Boulevard, Woodcliff Lake, New Jersey.   

5. On information and belief, Par develops numerous generic drugs for sale and use 

throughout the United States, including in this Judicial District.  Par has litigated patent cases in 

this District in the past without contesting personal jurisdiction, and, in at least some of those 

actions, Par has asserted counterclaims. 

Jurisdiction and Venue 

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

U.S.C. §§ 1331, 1338(a), 2201, and 2202.  

7. This Court has personal jurisdiction over Par by virtue of, inter alia, its systematic 

and continuous contacts with the State of New Jersey.  On information and belief, Par has its 

principal place of business in Woodcliff Lake, New Jersey, conducts business in this District, 

purposefully avails itself of this forum by, among other things, making, shipping, using, offering 

to sell or selling, or causing others to use, offer to sell, or sell, pharmaceutical products in the 

State of New Jersey and deriving revenue from such activities.  Also, on information and belief, 
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Par has customers in the State of New Jersey.  Further, on information and belief, Par is 

registered to conduct business in the State of New Jersey. 

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

The Patent-In-Suit 

9. On July 8, 2014, the United States Patent and Trademark Office (�USPTO�) duly 

and lawfully issued the �306 patent, entitled �Method of Administration of Gamma 

Hydroxybutyrate with Monocarboxylate Transporters.�  A copy of the �306 patent is attached 

hereto as Exhibit A. 

The XYREM
fi  Drug Product 

10. 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 XYREMfi.  

The claims of the �306 patent cover, inter alia, methods for treating patients suffering excessive 

daytime sleepiness, cataplexy, sleep paralysis, apnea, narcolepsy sleep time disturbances, 

hypnagogic hallucinations, sleep arousal, insomnia and nocturnal myoclonus with GHB or a salt 

thereof by orally administering an adjusted dosage amount of the salt of GHB when the patient is 

receiving concomitant administration of valproate.  Jazz Pharmaceuticals owns the patent-in-suit. 

11. Pursuant to 21 U.S.C. § 355(b)(1) and attendant FDA regulations, the �306 patent 

is listed in the FDA publication, �Approved Drug Products with Therapeutic Equivalence 

Evaluations� (the �Orange Book�), with respect to XYREMfi. 

12. The labeling for XYREMfi instructs and encourages physicians, other healthcare 

workers, and patients to administer XYREMfi according to the methods claimed in the �306 

patent. 
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Acts Giving Rise to This Suit 

13. Pursuant to Section 505 of the FFDCA, Par filed ANDA No. 205403 (�Par�s 

ANDA�) seeking approval to engage in the commercial use, manufacture, sale, offer for sale or 

importation of 500 mg/mL sodium oxybate oral solution (�Par�s Proposed Product�), before the 

patent-in-suit expires. 

14. On information and belief, in connection with the filing of its ANDA as described 

in the preceding paragraph, Par has provided a written certification to the FDA, as called for by 

Section 505 of the FFDCA, 21 U.S.C. § 355(j)(2)(A)(vii)(IV) (�Par�s Paragraph IV 

Certification�), alleging that the claims of the �306 patent are invalid, unenforceable, and/or will 

not be infringed by the activities described in Par�s ANDA. 

15. No earlier than August 5, 2014, Jazz Pharmaceuticals received written notice of 

Par�s Paragraph IV Certification (�Par�s Notice Letter�) pursuant to 21 U.S.C. § 355(j)(2)(B).  

Par�s Notice Letter alleged that the claims of the �306 patent are invalid, unenforceable, and/or 

will not be infringed by the activities described in Par�s ANDA.  Par�s Notice Letter also 

informed Jazz Pharmaceuticals that Par seeks approval to market Par�s Proposed Product before 

the patent-in-suit expires. 

16. On information and belief, Par has not submitted a statement to the FDA pursuant 

to 21 U.S.C. § 355(j)(2)(A)(viii) that Par seeks to market its Proposed Product for a use other 

than that claimed in the patent-in-suit.   

17. Under applicable laws and regulations, the FDA will not approve Par�s Proposed 

Product with labeling that does not include information regarding dose modification in patients 

receiving concomitant administration of sodium oxybate and valproate that is necessary for the 

safe and effective use of sodium oxybate.  
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Count for Infringement of the �306 Patent 

18. Plaintiffs repeat and reallege the allegations of paragraphs 1-17 as though fully set 

forth herein. 

19. Par�s submission of its ANDA to obtain approval to engage in the commercial 

use, manufacture, sale, offer for sale, or importation of sodium oxybate oral solution, prior to the 

expiration of the �306 patent, constitutes infringement of one or more of the claims of that patent 

under 35 U.S.C. § 271(e)(2)(A). 

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

of the �306 patent.  

21. Unless enjoined by this Court, upon FDA approval of Par�s ANDA, Par will 

infringe the �306 patent under 35 U.S.C. § 271(a) by making, using, offering to sell, importing, 

and/or selling Par�s Proposed Product in the United States.   

22. Unless enjoined by this Court, upon FDA approval of Par�s ANDA, Par will 

induce infringement of the �306 patent under 35 U.S.C. § 271(b) by making, using, offering to 

sell, importing, and/or selling Par�s Proposed Product in the United States.  On information and 

belief, upon FDA approval of Par�s ANDA, Par will intentionally encourage acts of direct 

infringement with knowledge of the �306 patent and knowledge that its acts are encouraging 

infringement.   

23. Unless enjoined by this Court, upon FDA approval of Par�s ANDA, Par will 

contributorily infringe the �306 patent under 35 U.S.C. § 271(c) by making, using, offering to 

sell, importing, and/or selling Par�s Proposed Product in the United States.  On information and 

belief, Par has had and continues to have knowledge that Par�s Proposed Product is especially 

adapted for a use that infringes the �306 patent and that there is no substantial non-infringing use 

for Par�s Proposed Product.   
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24. Jazz Pharmaceuticals will be substantially and irreparably damaged and harmed if 

Par�s infringement of the �306 patent is not enjoined.  

25. Jazz Pharmaceuticals does not have an adequate remedy at law. 

26. This case is an exceptional one, and Jazz Pharmaceuticals is entitled to an award 

of its reasonable attorneys� fees under 35 U.S.C. § 285. 

PRAYER FOR RELIEF 

WHEREFORE, Plaintiffs respectfully request the following relief:  

(A)  A Judgment be entered that Par has infringed the patent-in-suit by submitting 

ANDA No. 205403; 

(B)  A Judgment be entered that Par has infringed, and that Par�s making, using, 

selling, offering to sell, or importing Par�s Proposed Product will infringe one or more claims of 

the patent-in-suit; 

(C)  An Order that the effective date of FDA approval of ANDA No. 205403 be a date 

which is not earlier than the later of the expiration of the patent-in-suit, or any later expiration of 

exclusivity to which Plaintiffs are or become entitled; 

(D)  Preliminary and permanent injunctions enjoining Par and its officers, agents, 

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

selling, offering to sell, or importing Par�s Proposed Product until after the expiration of the 

patent-in-suit, or any later expiration of exclusivity to which Plaintiffs are or become entitled; 

(E)  A permanent injunction be issued, pursuant to 35 U.S.C. § 271(e)(4)(B), 

restraining and enjoining Par, its officers, agents, attorneys and employees, and those acting in 

privity or concert with them, from practicing any methods as claimed in the patent-in-suit, or 

from actively inducing or contributing to the infringement of any claim of the patent-in-suit, until 
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after the expiration of the patent-in-suit, or any later expiration of exclusivity to which Plaintiffs 

are or become entitled; 

(F)  A Declaration that the commercial manufacture, use, importation into the United 

States, sale, or offer for sale of Par�s Proposed Product will directly infringe, induce and/or 

contribute to infringement of the patent-in-suit;  

(G)  To the extent that Par has committed any acts with respect to the compositions 

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

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

(H)  If Par engages in the commercial manufacture, use, importation into the United 

States, sale, or offer for sale of Par�s Proposed Product prior to the expiration of the patent-in-

suit, a Judgment awarding damages to Plaintiffs resulting from such infringement, together with 

interest; 

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

(J)  Costs and expenses in this action; and  

(K)  Such further and other relief as this Court may deem just and proper.  
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Dated:  October 2, 2014 

 
 
 
 
 
 
Of Counsel: 
 
F. Dominic Cerrito 
Eric C. Stops 
Evangeline Shih 
Gabriel P. Brier 
Andrew S. Chalson 
Frank C. Calvosa 
QUINN EMANUEL URQUHART & SULLIVAN, LLP 
51 Madison Avenue, 22nd Floor 
New York, New York  10010 
(212) 849-7000 
 
Richard G. Greco 
RICHARD G. GRECO PC 
90 State Street, Suite 700 
Albany, New York 12207 
(212) 203-7625 

By: s/ Charles M. Lizza   
Charles M. Lizza 
William C. Baton 
SAUL EWING LLP 
One Riverfront Plaza, Suite 1520 
Newark, New Jersey  07102-5426 
(973) 286-6700 
clizza@saul.com 
 
Attorneys for Plaintiffs 
Jazz Pharmaceuticals, Inc. and  
Jazz Pharmaceuticals Ireland Limited 
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CERTIFICATION PURSUANT TO L. CIV. R. 11.2 

I hereby certify that the matters captioned Jazz Pharmaceuticals, Inc. v. Roxane 

Laboratories, Inc., Civil Action No. 10-6108 (ES)(MAH), Jazz Pharmaceuticals, Inc. v. Amneal 

Pharmaceuticals, LLC, Civil Action No. 13-391 (ES)(JAD), Jazz Pharmaceuticals, Inc. v. 

Ranbaxy Laboratories Ltd., et al., Civil Action No. 14-4467 (ES)(JAD), and Jazz 

Pharmaceuticals, Inc. v. Par Pharmaceutical, Inc., Civil Action No. 14-5139 (ES)(JAD) are 

related to the matter in controversy because the matter in controversy involves defendants who 

filed Abbreviated New Drug Applications seeking to market generic versions of the same drug 

product. 

I further certify that, to the best of my knowledge, the matter in controversy is not the 

subject of any other action pending in any court or of any pending arbitration or administrative 

proceeding.   

Dated:  October 2, 2014 

Of Counsel: 
 
F. Dominic Cerrito 
Eric C. Stops 
Evangeline Shih 
Gabriel P. Brier 
Andrew S. Chalson 
Frank C. Calvosa 
QUINN EMANUEL URQUHART & SULLIVAN, LLP 
51 Madison Avenue, 22nd Floor 
New York, New York  10010 
(212) 849-7000 

Richard G. Greco 
RICHARD G. GRECO PC 
90 State Street, Suite 700 
Albany, New York 12207 
(212) 203-7625 

By: s/ Charles M. Lizza    
Charles M. Lizza 
William C. Baton 
SAUL EWING LLP 
One Riverfront Plaza, Suite 1520 
Newark, New Jersey  07102-5426 
(973) 286-6700 
clizza@saul.com 
 
Attorneys for Plaintiffs 
Jazz Pharmaceuticals, Inc. and  
Jazz Pharmaceuticals Ireland Limited 
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METHOD OF ADMINISTRATION OF 
GAMMA HYDROXYBUTYRATE WITH 

MONOCARBOXYLATETRANSPORTERS 

2 
sleepiness, cataplexy, sleep paralysis, apnea, narcolepsy, 
sleep time disturbances, hypnagogic hallucinations, sleep 
arousal, insonmia, and nocturnal myoclonus in a human 
patient, comprising: determining if the patient is has taken, or 

5 will take a concomitant dose ofvalproate; orally administer­
ing a reduced amount of the GHB or GHB salt to the patient 
compared to the normal dose so as to diminish the additive 
effects of the GHB or GHB salt when administered with 

This application is a continuation application of U.S. 
patent application Ser. No. 13/837,714, filed Mar. 15, 2013, 
which claims the benefit ofU.S. Provisional Application No. 
61/771,557, filed Mar. 1, 2013, and U.S. Provisional Appli­
cation No. 61/777,873, filed Mar. 12, 2013, all of which 
applications are hereby incorporated by reference in their 10 

valproate. The amount of GHB is reduced at least 10% to 
30%, or at least +15% of the normal administration. 

entireties. 

BACKGROUND 

This application relates to methods for safely administer­
ing gamma hydroxybutyrate (GHB) together with one or 
more other monocarboxylate transporter (MCT) inhibitors 
for therapeutic purposes. Example transporter inhibitors are 
valproate, diclofenac, and ibuprofen and combinations 
thereof. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention is a method for 
treating a patient who is suffering from excessive daytime 
sleepiness, cataplexy, sleep paralysis, apnea, narcolepsy 
sleep time disturbances, hypnagogic hallucinations, sleep 
arousal, insonmia, and nocturnal myoclonus with gamma­
hydroxybutyrate (GHB) or a salt thereof, comprising: orally 
administering to the patient in need of treatment, an adjusted 
dosage amount of the salt ofGHB when the patient is receiv­
ing a concomitant administration of valproate. In certain 
embodiments, the adjusted amount is reduced at least about 
1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or 
50% of the normal dose of the salt of GHB normally given to 
the patient. In certain embodiments, the amount of GHB is 
reduced at least about 10% and about 30% of the normal 
administration and the daily administration of the GHB salt is 
between 1 gram and 10 grams. In certain embodiments, the 
adjusted amount is reduced between the ranges of about 1% to 
5%, about 5% to 10%, about 10% to 15%, about 15% to 20%, 
about 20% to 25%, about 25% to 30%, about 30% to 35%, 
about 35% to 40%, about 40% to 45%, or about 45% or 50%, 
relative to the normal dose of the salt of GHB normally given 
to the patient. In certain embodiments, the adjusted amount is 
reduced between the range of about 1% to 50%, about 1% to 
45%, about 1% to 40%, about 1% to 35%, about 1% to 30%, 
about 1% to 25%, about 1% to 20%, about 1% to 15%, about 
1% to 10%, about 1% to 5%, about 5% to 50%, about 5% to 
45%, about 5% to 40%, about 5% to 35%, about 5% to 30%, 
about 5% to 25%, about 5% to 20%, about 5% to 15%, about 
5% to 10%, about 10% to 50%, about 10% to 45%, about 10% 

One embodiment of the present invention is a method for 
treating a patient who is suffering from excessive daytime 
sleepiness, cataplexy, sleep paralysis, apnea, narcolepsy 
sleep time disturbances, hypnagogic hallucinations, sleep 

15 arousal, insonmia, and nocturnal myoclonus with GHB or a 
salt thereof, comprising: orally administering to the patient in 
need of treatment, an adjusted dosage amount of the salt of 
GHB when the patient is receiving a concomitant administra­
tion of diclofenac. In certain embodiments, the adjusted 

20 amount is at least about 1%, 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, or 50% higher than the normal dose of the 
salt of GHB normally given to the patient. In certain embodi­
ments, the increased amount of GHB is at least about 15% 
more than the normal administration and the daily adminis-

25 tration of the GHB salt is between 1 gram and 10 grams. In 
certain embodiments, the adjusted amount is increased 
between the range of about 1% to 5%, about 5% to 10%, about 
10% to 15%, about 15% to 20%, about 20% to 25%, about 
25% to 30%, about 30% to 35%, about 35% to 40%, about 

30 40% to 45%, or about 45% or 50%, relative to the normal dose 
of the salt of GHB normally given to the patient. In certain 
embodiments, the adjusted amount is increased between the 
range of about 1% to 50%, about 1% to 45%, about 1% to 
40%, about 1% to 35%, about 1% to 30%, about 1% to 25%, 

35 about 1% to 20%, about 1% to 15%, about 1% to 10%, about 
1% to 5%, about 5% to 50%, about 5% to 45%, about 5% to 
40%, about 5% to 35%, about 5% to 30%, about 5% to 25%, 
about 5% to 20%, about 5% to 15%, about 5% to 10%, about 
10% to 50%, about 10% to 45%, about 10% to 40%, about 

40 10% to 35%, about 10% to 30%, about 10% to 25%, about 
10% to 20%, about 10% to 15%, about 15% to 50%, about 
15% to 45%, about 15% to 40%, about 15% to 35%, about 
15% to 30%, about 15% to 25%, about 15% to 20%, about 
15% to 15%, about 15% to 10%, about 20% to 50%, about 

45 20% to 45%, about 20% to 40%, about 20% to 35%, about 
20% to 30%, about 20% to 25%, about 25% to 50%, about 
25% to 45%, about 25% to 40%, about 25% to 35%, about 
25% to 30%, about 30% to 50%, about 30% to 45%, about 
30% to 40%, about 30% to 35%, about 35% to 50%, about 

50 35% to 45%, about 35% to 40%, about 40% to 50%, relative 
to the normal dose of the salt of GHB normally given to the 
patient. See the product insert for normal dose ranges ofGHB 
as sold by Jazz Pharmaceuticals. GHB is commercially to 40%, about 10% to 35%, about 10% to 30%, about 10% to 

25%, about 10% to 20%, about 10% to 15%, about 15% to 
50%, about 15% to 45%, about 15% to 40%, about 15% to 55 

35%, about 15% to 30%, about 15% to 25%, about 15% to 
20%, about 15% to 15%, about 15% to 10%, about 20% to 
50%, about 20% to 45%, about 20% to 40%, about 20% to 
35%, about 20% to 30%, about 20% to 25%, about 25% to 
50%, about 25% to 45%, about 25% to 40%, about 25% to 
35%, about 25% to 30%, about 30% to 50%, about 30% to 
45%, about 30% to 40%, about 30% to 35%, about 35% to 
50%, about 35% to 45%, about 35% to 40%, about 40% to 
50%, relative to the normal dose of the salt of GHB normally 
given to the patient. 

known as Xyrem®. 
In another embodiment, the invention is a method of safely 

administering a GHB salt for excessive daytime sleepiness, 
cataplexy, sleep paralysis, apnea, narcolepsy, sleep time dis­
turbances, hypnagogic hallucinations, sleep arousal, insom­
nia, and nocturnal myoclonus in a human patient, comprising: 

60 determining if the patient has taken, or will take a concomi­
tant dose of diclofenac; orally administering an increased 
amount of a GHB salt to the patient so as to compensate for 
the effects of diclofenac on the GHB salt when concomitantly 
administered. 

65 Another embodiment of the present invention is a method 
for treating a patient who is suffering from narcolepsy 
wherein said patient is currently taking or has been prescribed 

Another embodiment of the invention is a method of safely 
administering GHB a salt thereof for excessive daytime 
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GHB or a salt thereof, comprising determining if the patient is 
taking or has also been prescribed valproate or diclofenac; 
and adjusting the dose of the GHB or GHB salt to compensate 
for the effect caused by valproate or diclofenac. In certain 
embodiments, the method additionally comprises administer­
ing the adjusted dose to the patient. 

Another embodiment of the present invention is a method 
for treating a patient who is suffering from excessive daytime 
sleepiness, cataplexy, sleep paralysis, apnea, narcolepsy, 
sleep time disturbances, hypnagogic hallucinations, sleep 10 

arousal, insomnia, and nocturnal myoclonus with a salt of 
gma GHB, wherein said patient is also being treated with 
valproate or diclofenac, comprising: administering to the 
patient a daily dose of a GHB salt wherein said daily dose is 
administered at an amount sufficient to reduce or eliminate 15 

additive effects. 
The embodiments of the present invention can administer 

the GHB at a level ofbetween 1 and 4.5 grams/day or between 

4 
droxybutyrate (Mg.(GHB)2 ), and a calcium salt of gamma­
hydroxybutyrate (Ca.(GHB)2 ). 

In a further embodiment the method can include adminis­
tering GHB to a patient suffering from excessive daytime 
sleepiness, comprising: administering a therapeutically 
effective amount of GHB to the patient; determining if the 
patient has concomitant administration of an MCT inhibitor; 
and adjusting the GHB dose or ceasing administering of the 
MCT inhibitor to maintain the effect of the GHB. 

In any of the versions of the invention, the methods option­
ally further include administering aspirin to the patient. 

In a further embodiment the method of administering GHB 
to a patient in need thereof comprises administering to the 
patient a therapeutically effective amount of GHB while 
avoiding concomitant of a diclofenac or valproate. 

Another embodiment of the invention comprises a method 
of administering GHB or a salt thereof (GHB) to a patient 
with narcolepsy, wherein said patient is also in need of 
diclofenac, comprising administering to the patient a daily 6 and 10 grams/day. The concentration of the formulation can 

be between 350-750 mg/ml or 450-550 mg/ml and a pH 
between 6-10 or 6.5-8. 

Another embodiment of the present invention is a method 
for treating a patient who is suffering from narcolepsy, com­
prising: administering a salt of GHB or a salt thereof to a 
patient or determining whether the patient is currently on a 
GHB drug regimen; determining if the patient is also being 
administered ibuprofen; and advising a patient to cease or 
ceasing the administration of ibuprofen. In some embodi­
ments, patients benefitting from this directive when the 
patient has will have a renal impairment. 

20 dosage of between 6 g and 10 g GHB or a GHB salt per day 
while avoiding diclofenac concomitant administration, and 
any one or more of the following: (a) advising the patient that 
diclofenac should be avoided or discontinued, (b) advising 
the patient that concomitant administration of GHB with 

25 drugs that are MCT inhibitors can alter the therapeutic effect 
or adverse reaction profile of GHB, (c) advising the patient 
that concomitant administration of GHB with diclofenac can 
alter the therapeutic effect or adverse reaction profile ofGHB, 
(d) advising the patient that use of GHB in patients being 

30 treated with diclofenac is contraindicated, (e) advising the 
patient that concomitant administration of GHB and 
diclofenac resulted in an decrease in exposure to GHB, or (f) 
advising the patient MCT inhibitors should be used with 

Another embodiment of the present invention is a method 
for treating a patient who is suffering from narcolepsy, com­
prising: administering a therapeutically effective amount of a 
formulation containing GHB or a salt thereof to a patient at a 
concentration of between 450 and 550 mg/ml and a pH 35 

between 6 and 8, said formulation being administered before 
bed and 1-2 hours thereafter; determining if the patient is also 
being administered valproate; warning of a potential drug/ 
drug interaction due to the combination of valproate and 
GHB; and reducing the dose of the GHB or GHB salt at least 40 

15% to compensate for the effect caused by valproate. 
Another embodiment of the present invention is a method for 
treating a patient who is suffering from narcolepsy, compris­
ing: administering a therapeutically effective amount of a 
formulation containing GHB or a salt thereof to a patient at a 45 

concentration of between 450 and 550 mg/ml and a pH 
between 6 and 8, said formulation being administered before 
bed and 1-2 hours thereafter; determining if the patient is also 
being administered diclofenac; warning of a potential drug/ 
drug interaction due to the combination of diclofenac and the 50 

GHB salt; and increasing the dose of the GHB salt at least 
15% to compensate for the effect caused by diclofenac. 

In each of the embodiments of the invention the method 
includes administering GHB at between 1 and 4.5 grams/day 
or between 6 and 10 grams/day and at a concentration of 55 

between 350-750 or 450-550 mg/ml, and a pH between 6-10 
or between 6.5-8. In further embodiments the valproate or 
diclofenac is administered within three days, one or two 
weeks (before or after) of GHB administration. In another 
embodiment, the present invention is a method wherein as pi- 60 

rin is also administered to the patient, especially with val­
proate. 

In a further embodiment the method can include adminis­
tering GHB as a single salt or a mixture of salts of GHB 
selected from the group consisting of a sodium salt of 65 

hydroxy butyrate (Na.GHB), a potassium salt of gma-hy­
droxybutyrate (K.GHB), a magnesium salt of gma-hy-

caution in patients receiving GHB due to the potential for 
increased GHB clearance. 

Another embodiment of the invention comprises a admin­
istering GHB to a patient with narcolepsy, wherein said 
patient is also in need of valproate, comprising administering 
to the patient a daily dosage ofbetween 6 g and 10 g GHB per 
day while avoiding valproate concomitant administration, 
and any one or more of the following: (a) advising the patient 
that valproate should be avoided or discontinued, (b) advising 
the patient that concomitant administration of GHB with 
drugs that are MCT inhibitors can alter the therapeutic effect 
or adverse reaction profile of GHB, (c) advising the patient 
that concomitant administration of GHB with valproate can 
alter the therapeutic effect or adverse reaction profile ofGHB, 
(d) advising the patient that use of GHB in patients being 
treated with valproate is contraindicated, (e) advising the 
patient that concomitant administration of GHB and val­
proate resulted in an increase in exposure to GHB, or (f) 
advising the patient that MCT inhibitors should be used with 
caution in patients receiving GHB due to the potential for 
increased GHB clearance. 

In another embodiment, the present invention is a method 
for distributing a drug containing GHB or a salt thereof to an 
approved pharmacy, the method comprising: identifying an 
approved pharmacy that has an established management sys­
tem to dispense information concerning the risks associated 
with ingesting a MCT inhibitor concomitantly to said drug to 
patients that are prescribed said drug; providing said phar-
macy with said information related to the risks; and authoriz­
ing distribution of said drug to said pharmacy, wherein said 
pharmacy dispenses the drug with said information when 
filling a prescription for said drug. The method may also 
comprise including an electronic or written alert, which can 
explain the risks, to employees to dispense said information 
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with said drug when prescriptions are filled. Also, the infor­
mation can be dispensed when a subject refills said prescrip­
tion. The warnings would be as recited above. 

The methods of the present invention may include a warn­
ing for patients not to operate hazardous machinery, including 5 
automobiles or airplanes, until they are reasonably certain 
that GHB does not affect them adversely and not to engage in 
hazardous occupations or activities requiring complete men-

6 
431, 6,780,889, 7,262,219, 7,851,506, 8,263,650, 8,324,275; 
7,895,059; 7,797,171; 7,668,730; 7,765,106; 7,765,107; 
61/317,212, 13/071,369, 13/739,886, 12/264,709, PCT/ 
US2010/033572, PCTIUS2009/061312, 2009/0137565; and 
2012/0076865. The following patents are also incorporated 
by reference: U.S. Pat. No. 5,380,937; U.S. Pat. No. 4,393, 
236 German Patent DD 237,309 A1; and British Pat. No. 
922,029. 

Objects, features and advantages of the methods and com-
positions described herein will become apparent from the 
following detailed description. It should be understood, how­
ever, that the detailed description and the specific examples, 
while indicating specific embodiments, are given by way of 

tal alertness or motor coordination, such as operating machin­
ery or a motor vehicle or flying an airplane, for at least 6, 7, 8 

10 
or 9 hours after taking the second nightly dose of GHB. Any 
information dispensed with said drug advises patients of the 
potential for enhanced potency of said drug if said patients 
also take valproate or advises patients of the potential for 
decreased potency of said drug if said patients also take 
diclofenac. 15 

illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip­
tion. 

Another embodiment of the present invention is a method 
of administering GHB to a patient in need thereof, comprising 
administering to the patient a therapeutically effective 
amount of GHB while avoiding concomitant administration 
of diclofenac or valproate. 

The following references, to the extent that they provide 
20 exemplary procedural or other details supplementary to those 

set forth herein, are specifically incorporated herein by refer-The invention may also comprise a method for reducing the 
effects of GHB toxicity in a patient in need thereof, compris­
ing administering to said patient an effective amount of 
diclofenac such that the toxic effects of GHB are reduced. It 
may also comprise a method for potentiating the beneficial 25 
effects of GHB in a patient in need thereof comprising con­
comitantly administering to said patient an effective amount 
of valproate such that the beneficial effects of GHB are 
increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

FIG. 1 shows change from baseline figure (LSmean with 
95% CI) for Power of Attention (ms) (PD Completer Popu­
lation). Treatment A=diclofenac placebo+Xyrem®. Treat­
ment B=diclofenac+Xyrem®. Treatment C=diclofenac+ 35 

Xyrem® placebo. 
FIG. 2 shows change from baseline figure (LSmean with 

95% CI) for Digit Vigilance Accuracy(%) (PD Completer 
Population). 

FIG. 3 shows change from baseline figure (LSmean with 40 

95% CI) for Digit Vigilance Mean Reaction Time (ms) (PD 
Completer Population). 

ence. 
Arena and Fung, "Absorption of sodium .gamma.-hydroxy­

butyrate and its prodrug .gamma.-butyrolactone: relation­
ship between in vitro transport and in vivo absorption," J. 
Pharmaceutical Sciences, 69(3):356-358, 1980. 

Bedard, Montplaisir, Godbout, Lapierre, "Nocturnal 
.gamma.-Hydroxybutyrate-Effect on Periodic Leg 
Movements and Sleep Organization of Narcoleptic 
Patients," 12(1):29-36, 1989. 

Broughton and Mamelak, "The treatment of narcolepsy-cata­
plexy with nocturnal gamma-hydroxybutyrate," Le Journal 
Canadien Des Sciences Neurologiques. 6(1): 1-6, 1979. 

Ferrara, Zotti, Tedeschi, Frison, Castagna. Gessa and Gallim­
berti, "Gamma-hydroxybutyric acid in the treatment of 
alcohol dependent," Clin. Neuropharm., 15(1, PtA):303A-
304A, 1992. 

Gessa, Diana, Fadda, Colombo, "Gamma-hydroxybutyric 
acid (GHB) for treatment of ethanol dependence," Clin. 
Neuropharm.-Supplement, 1992. Gessa eta!., Clin. Neu­
ropharm., 15(supp.):303A-304A, 1992 

Gessa eta!., Internat. Clin. Psychopharm., 1994. 
Hasenbos and Gieien, "Anaesthesia for bullectomy," Anaes­

thesia, 40:977-980, 1985. 

FIG. 4 shows change from baseline figure (LSmean with 
95% CI) for Choice Reaction Time Mean (ms) (PD Compl­
eter Population). 

FIG. 5 shows change from baseline figure (LSmean with 
95% CI) for Continuity of Attention (#) (PD Population). 
Treatment A=Xyrem®. Treatment B=Xyrem® placebo. 
Treatment C=valproate. 

45 Laborit, "Gma-Hydroxybutyrate, Succinic Semi aldehyde 
and Sleep," Laboratojre d'Eutonologie, Hopi tal Boucicaut, 
Paris 15, France, 1973. 

FIG. 6 shows change from baseline figure (LSmean with 
95% CI) for Simple Reaction Time Mean (ms) (PD Popula- 50 

tion). 
FIG. 7 shows change from baseline figure (LSmean with 

95% CI) for Digit Vigilance Accuracy (%) (PD Population). 
FIG. 8 shows change from baseline figure (LSmean with 

95% CI) for Tracking Distance from Target (mm) (PD Popu- 55 

lation). 
FIG. 9 shows change from baseline figure (LSmean with 

95% CI) for Numeric Working Memory Sensitivity Index(#) 
(PD Population). 

FIG. 10 shows change from baseline figure (LSmean with 60 

95% CI) for Numeric Working Memory Mean Reaction Time 
(ms) (PD Population). 

DETAILED DESCRIPTION OF THE INVENTION 

The following patents and applications are hereby incor­
porated by reference in their entireties for all purposes: 6,4 72, 

65 

Ladinsky. Consolo, Zatta, Vezzani. "Mode of Action of 
Gamma-Butyrolactone on the Central Cholinergic System, 
Naunyn-Schmiedeberg's Arch. Pharmacal., 322:42-48, 
1983. 

Lammers et a!., "Gammahydroxybutyrate and narcolepsy: a 
double-blind placebo-controlled study," Sleep, 16(3); 216-
220, 1993. 

Lapierre, Montplaisir, Lamarre, Bedard, "The Effect of 
Gamma-Hydroxybutyrate on Nocturnal and Diurnal Sleep 
of Normal Subjects: Further Considerations on REM 
Sleep-Triggering Mechanisms," Sleep. 13(1 ):24-30, 1990. 

Lapierre eta!., "Increases in delta sleep," 1988. Lapierre eta!., 
"Increases in delta sleep," 1990. Lee, C. R. "Evidence for 
the .beta.-OxidationofOrally Administered 4-Hydroxybu­
tyrate in Humans" Biochem. Medicine 17,284-291, 1977. 

Lettieri and Fung, "Improved pharmacological activity via 
pro-drug modification: comparative pharmacokinetics of 
sodium .gamma.-hydroxybutyrate and .gamma.-butyro­
lactone," Research Communications In Chemical Pathol-
ogy and Pharmacology. 22(1):107-118. 1978. 
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Mamelak, 1977; "Effects Of Gamma Hydroxybutyrate On 

Sleep," Bioi. Psychiatry 12, 273-288. Mamelak, "Gamma­
hydroxybutyrate (GHB): An endogenous regulator of 
energy metabolism," Neuroscience and Biobehav. 
Reviews, 13: 189-198, 1989. 

Mamelak, "Gammahydroxybutyrate: An Endogenous Regu­
latorofEnergy Metabolism,"Neuro. & Biobehav. Rev., 13 
187-198, 1989. 

8 
Kuriyama K, Sze P Y (1971). "Blood-brain barrier to 

H3-gamma-aminobutyric acid in normal and amino oxy­
acetic acid-treated animals". Neuropharmacology 10 (1): 
103-8. 

5 Dimitrijevic N, Dzitoyeva S, Satta R, Imbesi M, Yildiz S, 
Manev H (2005). "Drosophila GABA(B) receptors are 
involved in behavioral effects of gamma-hydroxybutyric 
acid (GHB)". Eur. J. Pharmacal. 519 (3): 246-52. 

Mamelak, 1979; Mamelak, Escriu, Stokan "The effects of 
gamma-hydroxybutyrate on sleep," Bioi. Psychiatry, 10 

12(2):273-288. 1977. 

Banerjee P K, Snead 0 C (1995). "Presynaptic gamma-hy­
droxybutyric acid (GHB) and gamma-aminobutyric acidB 
(GABAB) receptor-mediated release of GABA and 
glutamate ( GL U) in rat thalamic ventra basal nucleus (VB): 
a possible mechanism for the generation of absence-like 
seizures induced by GHB". J. Pharmacal. Exp. Ther. 273 

Mamelak, Escriu, Stokan, "Sleep-Inducing Effects ofGam­
mahydroxybutyrate," The Lance, p. 328-329. 1973. 

Nema, eta!., "Excipients and their use in injectable products," 
PDA J. Plarm. Sci. Techno!., 51(4):166-171, 1997. 

Palatini, Tedeschi, Frison, Padrini, Zordan, Orlando, Gallim­
berti, Gessa, Ferrara, "Dose dependent absorption and 
elimination of gamma-hydroxybutyric acid in healthy vol­
unteers," Eur. J. Clin. Pharmacal., 45:353-356, 1993. 

15 (3): 1534-43. 
Hechler V, Gobaille S, Bourguignon J J, Maitre M (1991). 

Roth and Giarman, ".gamma.-Butyrolactone and .gamma.- 20 

Hydroxybutyric Acid-I, Distribution and Metabolism," 
Biochemical Pharmacology, 15:1333-1348, 1966. 

"Extracellular events induced by gamma-hydroxybutyrate 
in striatum: a microdialysis study". J. Neurochem. 56 (3): 
938-44. Maitre, M; Hechler, V; Vayer, P; Gobaille, S; Cash, 
CD; Schmitt, M; Bourguignon, J J (1990). "A specific 
gamma-hydroxybutyrate receptor ligand possesses both 
antagonistic and anticonvulsant properties". J. Pharmacal. 
Exp. Ther. 255 (2): 657-63. Scharf, Brown, Woods, Brown, Hirschowitz, "The effects and 

effectiveness of gmahydroxybutyrate In patients with 
narcolepsy," J. Clin. Psychiatry, 46(6)222-225, 1985. 

Scrima, Hartman, Johnson, Thomas, Hiller, "Efficacy of 
gamma-hydroxybutyrate versus placebo in treating narco­
lepsy-cataplexy: Double-blind subjective measured," Bioi. 
Psychiatry, 26:331-343, 1989. 

25 

Smolders I, De Klippel N, Sarre S, Ebinger G, Michotte Y 
(1995). "Tonic GABA-ergic modulation of striatal dopam­
ine release studied by in vivo microdialysis in the freely 
moving rat". Eur. J. Pharmacal. 284 (1-2): 83-91. 
In the specification and claims that follow, references will 

be made to a number of terms which shall be defined to have 
Scrima, Hartman, Johnson, Thomas, Hiller, "The Effects of 30 

. gamma.-Hydroxybutyrate on the Sleep of Narcolepsy 
Patients: A Double-Blind Study," Sleep, 13(6):479-490, 
1990. 

the following meaning . 
The terms "a" and "an" do not denote a limitation of quan­

tity, but rather denote the presence of at least one of the 
referenced item. The term "or" means "and/or". The terms 

Scrima, eta!, "Sleep Res. 16, 134, 1987, Abstract. Series, 
Series, Cormier, "Effects of Enhancing Slow-Wave Sleep 
by Gamma-Hydroxybutyrate on Obstructive Sleep 
Apnea," Am. Rev. Respir. Dis., 1378-1383, 1992. 

Strong, ".gamma.-Hydroxybutyric acid and Intracranial 
Pressure," The Lancet, Vol. 1: No. 8389, 1984. van den 
Bogert, Vree, van der Kleijn, Damsma, "Placentatransfer 
of 4-Hydroxybutyric Acid in Man." 

Vickers, "Gammahydroxybutyric Acid," Int. Anesth. Clinic, 
7:75.89, 1969. 

Lee, Biochem. Med. 17:234-291, 1977. Yamada, Yamamoto, 
Fujiki, Hishikawa, Kaneko, "Effect of Butyrolactone and 
Gma-Hydroxybutyrate on the EEG and Sleep Cycle in 
Man," Electroenceph. Clin. Neurophysiol., 22:558-562, 
1967. 

Yamada eta!., 1967. Wu, Ying; Ali, Saima; Ahnwdian, Ghola­
mreza; Liu, Chun Che; Wang, Yu Tian; Gibson, K. 
Michael; Calver, Andrew R.; Francis, Joseph eta!. (2004). 
"Gamma-hydroxybutyric acid (GHB) and gamma-ami­
nobutyric acidB receptor (GABABR) binding sites are dis­
tinctive from one another: molecular evidence". Neurop­
harmacology 47 (8): 1146-56. 

Cash, C; Gobaille, S; Kemme!, V; Andriamampandry, C; 
Maitre, M (1999). "y-hydroxybutyrate receptor function 
studied by the modulation of nitric oxide synthase activity 
in rat frontal cortex punches". Biochemical Pharmacology 
58 (11): 1815-9. 

Maitre M, Humbert J P, Kemme! V, Aunis D, Andriamampan­
dry C (2005). "A mechanism for gamma-hydroxybutyrate 
(GHB) as a drug and a substance of abuse" (in French). 
Med Sci (Paris) 21 (3): 284-9. Waszkielewicz A, Bojarski 
J (2004). "Gamma-hydrobutyric acid (GHB) and its 
chemical modifications: a review of the GHBergic system" 
(PDF). Pol J Pharmacal 56 (1): 43-9. 

"comprising", "having", "including", and "containing" are to 
35 be construed as open-ended terms (i.e., meaning "including, 

but not limited to"). 
"Concomitant" and "concomitantly" as usedhereinreferto 

the administration of at least two drugs to a patient either 
subsequently, simultaneously, or consequently within a time 

40 period during which the effects of the first administered drug 
are still operative in the patient. Thus, if the first drug is, e.g., 
Xyrem®, or GHB, and the second drug is valproate, the 
concomitant administration of the second drug occurs within 
two weeks, preferably within one week or even three days, 

45 before or after the administration of the first drug. 
"Dosage amount" means an amount of a drug suitable to be 

taken during a fixed period, usually during one day (i.e., 
daily). 

"Dosage amount adapted for oral administration" means a 
50 dosage amount that is of an amount deemed safe and effective 

for the particular patient under the conditions specified. As 
used herein and in the claims, this dosage amount is deter­
mined by following the recommendations of the drug manu­
facturer's Prescribing Information as approved by the US 

55 Food and Drug Administration. 
"Dosing regimen" means the dose of a drug taken at a first 

time by a patient and the interval (time or symptomatic) and 
dosage amounts at which any subsequent doses of the drug 
are taken by the patient. Each dose may be of the same or a 

60 different dosage amount. 
A "dose" means the measured quantity of a drug to be taken 

at one time by a patient. 
A "patient" means a human in need of medical treatment. 

In one embodiment medical treatment can include treatment 
65 of an existing condition, such as a disease or disorder, pro­

phylactic or preventative treatment, or diagnostic treatment. 
In another embodiment, medical treatment also includes 
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administration to treat excessive daytime sleepiness, cata­
plexy, sleep paralysis, apnea, narcolepsy, sleep time distur­
bances, hypnagogic hallucinations, sleep arousal, insonmia, 
and nocturnal myoclonus. 

"Providing" means giving, administering, selling, distrib­
uting, transferring (for profit or not), manufacturing, com­
pounding, or dispensing. 

10 
tal Simplistics, Inc., Lenexa, Kans., and various pharmacy 
management systems from OPUS-ISM, Hauppauge, N.Y. 

In some embodiments, a pharmacy management system 
may be required or preferred as part of a drug distribution 
program. For example, the present invention includes a 
method for distributing a drug containing GHB or a salt 
thereof to an approved pharmacy, the method comprising: (1) 
Identifying an approved pharmacy that has an established 
management system to dispense information concerning the 

The terms "therapeutically effective amount," as used 
herein, refer to an amount of a compound sufficient to treat, 
ameliorate, or prevent the identified disease or condition, or to 
exhibit a detectable therapeutic, prophylactic, or inhibitory 
effect. The effect can be detected by, for example, an 
improvement in clinical condition, or reduction in symptoms. 
The precise effective amount for a subject will depend upon 
the subject's body weight, size, and health; the nature and 
extent of the condition; and the therapeutic or combination of 
therapeutics selected for administration. Where a drug has 
been approved by the U.S. Food and Drug Administration 
(FDA), a "therapeutically effective amount" refers to the 
dosage approved by the FDA or its counterpart foreign 
agency for treatment of the identified disease or condition. 

10 risks associated with ingesting a MCT inhibitors concomi­
tantly to said drug to patients that are prescribed said drug; (2) 
Providing said pharmacy with said information related to the 
risks; and (3) Authorizing distribution of said drug to said 
pharmacy, wherein said pharmacy dispenses the drug with 

15 said information when filling a prescription for said drug. The 
established management system may include an electronic 
alert to employees to dispense said information with said drug 
when prescriptions are filled. Such information may be dis­
pensed in written form, for example in a brochure explaining 

"Side effect" means a secondary effect resulting from tak­
ing a drug. The secondary effect can be a negative (unfavor­
able) effect (i.e., an adverse side effect) or a positive (favor­
able) effect. 

20 the risks of concomitant ingestion of GHB and an MCT 
inhibitor such as diclofenac, valproate, or ibuprofen or com­
binations thereof. For example, the information dispensed 
with GHB may advise a patient of the potential for enhanced 
potency of GHB if the patient also takes valproate. Alterna-

Pharmacokinetic parameters referred to herein describe the 
in vivo characteristics of drug (or a metabolite or a surrogate 
marker for the drug) over time. These include plasma con­
centration (C), as well as Cmax' Cn, C24, T max' and AU C. The 
term "T max" refers to the time from drug administration until 
Cmax is reached. "AUC" is the area under the curve of a graph 

25 tively, or in addition thereto, the information dispensed with 
GHB may advise a patient of the potential for decreased 
potency of GHB if the patient also takes diclofenac. Such 
information may also be dispensed in verbal form. Distribu­
tors may maintain a directory of approved pharmacies, for 

30 example in a computer readable storage medium, to further 
ensure that GHB is dispensed only to patients who are advised 
of the additive effects. 

of the measured plasma concentration of an active agent vs. 
time, measured from one time point to another time point. For 
example AUC0 _, is the area under the curve of plasma con- 35 

centration versus time from time 0 to time t, where time 0 is 
the time of initial administration of the drug. Timet can be the 
last time point with measurable plasma concentration for an 
individual formulation. The AUC0 __ ,nfin. or AUCo-INF is the 
calculated area under the curve of plasma concentration ver- 40 

sus time from time 0 to time infinity. In steady-state studies, 
AUC0 __ tau. is the area under the curve of plasma concentration 
over the dosing interval (i.e., from time 0 to time .tau. (tau), 
where tau is the length of the dosing interval. 

It may be advantageous to incorporate a pharmacy man- 45 

agement system into the method of the present invention. 
Pharmacy management systems are computer-based systems 
that are used by commercial pharmacies to manage prescrip­
tions and to provide pharmacy and medical personnel with 
warnings and guidance regarding drugs being administered to 50 

patients. Such systems typically provide alerts warning either 
or both of health care providers and patients when a drug that 
may be harmful to the particular patient is prescribed. For 
example, such systems can provide alerts warning that a 
patient has an allergy to a prescribed drug, or is receiving 55 

concomitant administration of a drug that can have a danger­
ous interaction with a prescribed drug. U.S. Pat. Nos. 7,895, 
059; 7,797,171; 7,668,730; 7,765,106; 7,765,107; 5,758,095, 
5,833,599, 5,845,255, 6,014,631, 6,067,524, 6,112,182, 
6,317,719, 6,356,873, and U.S. Pat. No. 7,072,840, each of 60 

which is incorporated herein by reference, disclose various 
pharmacy management systems and aspects thereof. 
Example pharmacy management systems are now commer­
cially available, e.g., CENTRICITY Pharmacy from BDM 
Information Systems Ltd., General Electric Healthcare, 65 

Waukesha, Wis., Rx30 Pharmacy Systems from Transaction 
Data Systems, Inc., Ocoee, Fla., SPEED SCRIPT from Digi-

In addition, the system can prevent the dispensing of GHB 
or salt thereof until proper testing or confirmation is obtained 
that the patient is not taking or going to take valproate or 
diclofenac concomitantly with GHB. Alternatively, the 
patient can be warned of the adverse effect and instructed to 
modifY the dose of GHB to accommodate the increased or 
reduced effects ofGHB due to valproate or diclofenac. 

A pharmacy management system of the present invention 
can be a REMS system as shown in U.S. Pat. Nos. 7,895,059; 
7,797,171; and 7,668,730 and also include monitoring for 
concomitant use of diclofenac, valproate, or ibuprofen, or 
combinations thereof. Warnings may be administered 
through the existing pharmacy management system as 
described in the patents above. 

One embodiment of the present invention, without being 
limited by theory, is the discovery of drug interactions that 
change either, or both, the efficacy or safety profile of GHB. 
The three compounds are valproate, diclofenac, and ibu­
prophen or combinations thereof. To achieve the above ben-
efits, GHB of the present invention can be administered in a 
reduced amount when a second compound, such as valproate, 
is concomitantly administered with GHB. It can also be 
administered in an increased amount to overcome any effects 
of diclofenac. The compounds can also be avoided or discon-
tinued to prevent unsafe concomitant administration. 

In one embodiment of the present invention, concomitant 
administration of GHB with other agents is monitored and 
potential changes to the doses of GHB are made, or changes 
in the administration of other compounds are made. In one 
embodiment of the present invention, when GHB was con­
comitantly administered with ibuprofen, there were pharma­
cokinetic (PK) changes consistent with monocarboxylic 
transporter (MCT) inhibition and renal excretion of GHB 
doubled (statistically significant). Plasma levels were about 
-5% lower, which was statistically significant. In another 
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embodiment of the present invention, when GHB and 
Diclofenac are concomitantly administered, PD effects were 
significantly reduced. In another embodiment of the present 
invention, when GHB and divalproate were concomitantly 
administered, PK showed both MCT and GHB dehydroge­
nase inhibition, with the latter predominating. MCT inhibi­
tion caused renal clearance to be increased 30% (statistically 
significant). GHB dehydrogenase inhibition caused systemic 
exposure (plasma AU C) to be increased 26%. Both measures 
are statistically significant and outside FDA "equivalence 
window". PD shows more pronounced effects with concomi­
tant administration. 

12 
A good safety profile for GHB consumption, when used 

long term for treatment of narcolepsy has been reported. 
Patients have been safely treated for many years with GHB 
without development of tolerance (Scharf, 1985). Clinical 
laboratory tests carried out periodically on many patients 
have not indicated organ or other toxicities (Lammers, 1993; 
Scrima, 1990; Scharf, 1985; Mamelack, 1977; Mamelak, 
1979; Gessa, 1992). The side effects ofGHB treatment have 
been minimal in incidence and degree of severity, though they 

10 include sleepwalking, enuresis, headache, nausea and dizzi­
ness (Broughton and Mamelak, 1979; Mamelak eta!., 1981; 
Mamelaketal., 1977; Scrimaetal., 1989; Scrimaetal., 1990; 
Scharf eta!., 1985). Therefore, it is critical to identifY adverse 
drug-drug interactions to maintain the positive safety profile 

One embodiment is a method of administering a therapeu­
tically effective amount ofGHB to a patient in need of treat­
ment, such as with narcolepsy, the invention provides an 
improvement that comprises avoiding or discontinuing 
administration of a compound that affects GHB potency and 
administering a therapeutically effective amount of GHB. 
The compound can be diclofenac or valproate and they can 
alter the therapeutic effect or adverse reaction profile ofGHB. 20 

15 forGHB. 
GHB Pharmacology 
GHB has at least two distinct binding sites (See Wu, eta!., 

2004) in the central nervous system. GHB is an agonist at the 
GHB receptor, which is excitatory, (Cash eta!., 2009) and it is 
a weak agonist at the GABAB receptor, which is inhibitory. 
GHB acts in a similar fashion to some neurotransmitters in the 
mammalian brain and is probably synthesized from GABA in 
GABAergic neurons, and released when the neurons fire. If 
taken orally, GABA itself does not effectively cross the 
blood-brain-barrier. (See Kuriyama eta!., 2005). 

Gamma Hydroxybutyrate (GHB) 
GHB (also called oxysorbate or oxybate) is approved in the 

United States (US) for the treatment of excessive daytime 
sleepiness (EDS) and for the treatment of cataplexy, both in 
patients with narcolepsy. GHB is commercially sold as 25 

Xyrem® sodium oxybate by Jazz Pharmaceuticals. Sodium 
oxybate is the sodium salt of the endogenous neurotransmit-

GHB induces the accumulation of either a derivative of 
tryptophan or tryptophan itself in the extracellular space, 
possibly by increasing tryptophan transport across the blood­
brain barrier. The blood content of certain neutral amino-

ter gamma hydroxy butyrate (GHB), which is found in many 
tissues of the body. "GHB", oxybate, a GHB salt or Xyrem® 
will be used to refer to these active forms. It can be used as a 
sodium, calcium, potassium, or magnesium salt. See U.S. 
patent application Ser. No. 13/739,886. 

30 acids, including tryptophan, is also increased by peripheral 
GHB administration. GHB-induced stimulation of tissue 

GHB is present, for example, in the mammalian brain and 
other tissues. In the brain, the highest GHB concentration is 
found in the hypothalamus and basal ganglia and GHB is 35 

postulated to function as a neurotransmitter. The neurophar­
macologic effects ofGHB include increases in brain acetyl­
choline, increases in brain dopamine, inhibition of GABA­
ketoglutarate transaminase and depression of glucose 
utilization but not oxygen consumption in the brain. GHB is 40 

converted to succinate and then metabolized via the Krebs 

serotonin turnover may be due to an increase in tryptophan 
transport to the brain and in its uptake by serotonergic cells. 
As the serotonergic system may be involved in the regulation 
of sleep, mood, and anxiety, the stimulation of this system by 
high doses of GHB may be involved in certain neuropharma-
cological events induced by GHB administration. 

However, at therapeutic doses, GHB reaches much higher 
concentrations in the brain and activates GABAB receptors, 
which are primarily responsible for its sedative effects. (See 
Dimitrijevic eta!., 2005). GHB's sedative effects are blocked 

cycle. Clinical trials have shown that GHB increases delta 
sleep and improves the continuity of sleep (Laborit, 1973; 
Lapierre et a!., 1988; Lapierre et a!., 1990; Yamada et a!., 
1967; Scharf, 1985). 

GHB treatment substantially reduces the signs and symp­
toms of narcolepsy, i.e. excessive daytime sleepiness, cata­
plexy, sleep paralysis, apnea, narcolepsy, sleep time distur­
bances, hypnagogic hallucinations, sleep arousal, insonmia, 
and nocturnal myoclonus. In addition, GHB increases total 
sleep time and REM sleep, and it decreases REM latency 
(Mamelak et a!, 1973; Yamada et a!., 1967; Bedard eta!., 
1989), reduces sleep apnea (Scrima et a!., 1987), and 
improves general anesthesia (Hasenbos and Gielen, 1985). 

GHB has several clinical applications other than narco­
lepsy and sleep disorders. GHB has been reported to reduce 
alcohol craving, the number of daily drinks consumed, and 
the symptoms of alcohol withdrawal in patients (Gallimberti 
eta!., 1989; Gallimberti eta!., 1992; Gessa eta!., 1992). GHB 
has been used to decrease the symptoms of opiate withdrawal, 
including both heroin and methadone withdrawal (Gallim­
berti eta!., 1994; Gallimberti eta!., 1993). It has analgesic 
effects that make it suitable as a pain reliever (U.S. Pat. No. 
4,393,236). Intravenous administration of GHB has been 
reported to reduce intracranial pressure in patients (Strong, A. 
1984 ). Also, administration of GHB was reported to increase 
growth hormone levels in patients (Gessa eta!, 1994). 

by GABAB antagonists. 
The role of the GHB receptor in the behavioral effects 

induced by GHB is more complex. GHB receptors are 
45 densely expressed in many areas of the brain, including the 

cortex and hippocampus, and these are the receptors that 
GHB displays the highest affinity for. There has been some­
what limited research into the GHB receptor; however, there 
is evidence that activation of the GHB receptor in some brain 

50 areas results in the release of glutamate, the principal excita­
tory neurotransmitter. Drugs that selectively activate the 
GHB receptor cause absence seizures in high doses, as do 
GHB and GABA(B) agonists. (See Banerjee eta!., 1995.) 

Activation of both the GHB receptor and GABA(B) is 
55 responsible for the addictive profile ofGHB. GHB' s effect on 

dopamine release is biphasic. (See Hechler eta!., 1991). Low 
concentrations stimulate dopamine release via the GHB 
receptor. (See Maitre et a!., 1990). Higher concentrations 
inhibit dopamine release via GABA(B) receptors as do other 

60 GABA(B) agonists such as baclofen and phenibut. (See 
Smolders eta!., 1995). After an initial phase of inhibition, 
dopamine release is then increased via the GHB receptor. 
Both the inhibition and increase of dopamine release by GHB 
are inhibited by opioid antagonists such as naloxone and 

65 naltrexone. Dynorphin may play a role in the inhibition of 
dopamine release via kappa opioid receptors. (See Mamelak 
1989). 
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This may explain the paradoxical mix of sedative and 
stimulatory properties of GHB, as well as the so-called 
"rebound" effect, experienced by individuals using GHB as a 
sleeping agent, wherein they awake suddenly after several 
hours of GHB-induced deep sleep. That is to say that, over 
time, the concentration of GHB in the system decreases 
below the threshold for significant GABAB receptor activa­
tion and activates predominantly the GHB receptor, leading 
to wakefulness. However, one embodiment of the present 
invention is the unexpected discovery that drugs change the 10 

PD profile of GHB to alter its effects and its safety profile. 
Example drugs are include valproate and diclofenac. It is 
important for efficacy safety purposes that the effect of GHB 

14 
erative) is required, interruption of treatment with GHB 
should be considered. See the package insert for Xyrem®. 

GHB may impair respiratory drive, especially with over­
doses associated with interactions with other drugs and alco­
hol. Since valproate may potentiate the effect of GHB, a 
warning should accompany any use of valproate and GHB as 
stated herein. The warning should address the use of addi­
tional drugs that may further enhance the effect of GHB, such 
as alcohol or aspirin, for example. 

Healthcare providers should caution patients about operat-
ing hazardous machinery, including automobiles or airplanes, 
until they are reasonably certain that GHB does not affect 
them adversely (e.g., impair judgment, thinking, or motor 
skills). Patients should not engage in hazardous occupations be maintained consistently and not subject to variation due to 

the effects of other drugs. 15 or activities requiring complete mental alertness or motor 
coordination, such as operating machinery or a motor vehicle 
or flying an airplane, for at least 6, 7, 8 or 9 hours after taking 
the second nightly dose of GHB. Patients should be queried 

Both of the metabolic breakdown pathways shown for 
GHB can run in either direction, depending on the concen­
trations of the substances involved, so the body can make its 
own GHB either from GABA or from succinic semialdehyde. 
Under normal physiological conditions, the concentration of 20 

GHB in the body is rather low, and the pathways would run in 
the reverse direction to what is shown here to produce endog­
enous GHB. However, when GHB is consumed for recre­
ational or health promotion purposes, its concentration in the 
body is much higher than normal, which changes the enzyme 25 

kinetics so that these pathways operate to metabolize GHB 
rather than produce it. 

The pharmacokinetics of GHB have been investigated in 
alcohol dependent patients (Ferrara eta!., 1992) and in nor­
mal healthy males (Palatini eta!., 1993) after oral adminis- 30 

tration. GHB possesses a rapid onset and short pharmacologi-
cal effect (Ferrara eta!., 1992; Palatine eta!., 1993; Lettieri 
and Fung, 1978; Arena and Fung, 1980; Roth and Giarman, 
1966; Vickers, 1969; Lee, 1977). In alcohol dependent 
patients, GHB absorption into and elimination from the sys- 35 

temic circulation were fast processes. Virtually no unchanged 
drug could be recovered in the urine. There were preliminary 
indications that the pharmacokinetics of GHB might be non­
linear or dose-dependent (Ferrara eta!., 1992). In the healthy 
volunteers study, the pharmacokinetics of three rising GHB 40 

doses (12.5, 25, and 50 mg/kg) were investigated. These 
findings indicate that both the oral absorption and elimination 
processes ofGHB were capacity-limited though the degree of 
dose dependency was moderate (Palatini eta!., 1993). 

Methods of making GHB salts are described, for example, 45 

in U.S. Pat. No. 4,393,236, and U.S. patent application Ser. 
No. 13/739,886 which are incorporated herein by reference. 

It has been discovered that there are unexpected drug-drug 
interactions (DDI) between GHB and common drugs fre­
quently prescribed for other ailments. It is one goal of the 50 

present invention to warn when those interactions may affect 
the safety profile ofGHB. In one embodiment of the present 
invention, drugs that may affect GHB administration include 
valproate, diclofenac, and ibuprofen and combinations 
thereof. 55 

about potential adverse events, such as excessive daytime 
sleepiness, CNS depression related events, etc. upon initia­
tion of GHB therapy and periodically thereafter. These que-
ries should include info regarding additional medication such 
as diclofenac and valproate for example. See the Xyrem® 
package insert. 

In one embodiment described herein, patients are warned 
that combination of GHB with valproate can increase plasma 
levels and potentiate the activity of GHB and exacerbate all 
the effects and adverse event associated with GHB. These 
effects include the intended effects of drowsiness, sedation, 
and sleep and typically unintended events such as depressed 
respiration, CNS depression, excessive drowsiness, hepatic 
impairment, and depression, among other things. 

In another embodiment, diclofenac mitigates and protects 
against the pharmcodynamic effects the effects of GHB. 
However, the mixture of GHB and diclofenac does not affect 
sleepiness and does not make a patient more attentive. With-
out wishing to be bound by theory, the effects may be due to 
the interaction between diclofenac and the GHB receptor in 
lieu of the MCT inhibitor activity. 

Typical concentrations of GHB formulations are shown in 
U.S. Pat. Nos. 8,263,650 and 8,324,275, for example. They 
include minimum concentrations starting from 150 mg/ml to 
450 mg/ml (at 10 mg/ml increments) and increasing to 600 
mg/ml to 7 50 mg/ml (at 10 mg/ml increments) as a maximum. 
So, a broad range would include 150-750 mg/ml and any 
range within the broad range using 1 0 mg/ml increments. One 
embodiment of the invention is a range of350-750 mg/ml and 
another is 450-550 mg/ml GHB. One embodiment of the 
present invention uses a GHB formulation with a pH range of 
6-10, another uses a pH range ofbetween 6.5-8. For example, 
a minimum concentration includes 350, 360, 370, 380 mg/ml, 
and so on up to at least 730, 740, and 750 mg/ml and all 
concentrations (measured in 10 mg/ml increments in 
between). 

pH adjusting agents can include acids, bases and many of 
the compounds found in U.S. Pat. No. 8,263,650. In some 
embodiments the pH adjusting agent is an acid selected from 
the group of: acetic, acetylsalicylic, barbital, barbituric, ben­
zoic, benzyl penicillin, boric, caffeine, carbonic, citric, 

GHB is a central nervous system (CNS) depressant. Alco­
hol and sedative hypnotics are contraindicated in patients 
who are using GHB. The concurrent use ofGHB with other 
CNS depressants, including but not limited to opioid analge­
sics, benzodiazepines, sedating antidepressants or antipsy­
chotics, general anesthetics, muscle relaxants, and/or illicit 
CNS depressants, may increase the risk of respiratory depres­
sion, hypotension, profound sedation, syncope, and death. If 
use of these CNS depressants in combination with GHB is 
required, dose reduction or discontinuation of one or more 
CNS depressants (including GHB) should be considered. In 
addition, if short-term use of an opioid (e.g. post- or periop-

60 dichloroacetic, ethylenediaminetetra-acetic acid (EDTA), 
formic, glycerophosphoric, glycine, lactic, malic, mandelic, 
monochloroacetic, oxalic, phenobarbital, phenol, picric, pro­
pionic, saccharin, salicylic, sodium dihydrogen phosphate, 
succinic, sulfadiazine, sulfamerazine, sulfapyridine, sul-

65 fathiazole, tartaric, trichloroacetic, and the like, or inorganic 
acids such as hydrochloric, nitric, phosphoric or sulfuric, and 
the like. 
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GHB is commercially available as a sodium salt, however, 
it can also be formulated as a mixture of salts as shown in U.S. 
Ser. No. 13/739,886, which is incorporated by reference as 
stated above. For example, the mixture comprises one, two, or 
three or more salts selected from the group consisting of a 
sodium salt ofhydroxybutyrate (Na.GHB), a potassium salt 
of gamma-hydroxybutyrate (K.GHB), a magnesium salt of 
gamma-hydroxybutyrate (Mg.(GHB)2), and a calcium salt of 
gamma-hydroxybutyrate (Ca.(GHB)2). The different salts 
may be present in different percentages. For example, in 10 

certain embodiments, the pharmaceutical composition com­
prises Na.GHB, K.GHB, and Ca.(GHB)2 . In certain embodi­
ments, the Na.GHB salt is present in a wt/wt% of about 5% 
to about 40%, the K.GHB salt is present in a wt/wt% of about 
10% to about 40%, and the Ca.(GHB)2 salt is present in a 15 

wt/wt% of about 20% to about 80%. In certain embodiments, 
the Na.GHB, K.GHB, and Ca.(GHB)2 salts are present in a 
wt/wt% ratio of about 11%:39%:50%, respectively. 

Valproic Acid 
Valproic acid (VPA, also called valproate or divalproex), 20 

an acidic chemical compound, has found clinical use as an 
anticonvulsant and mood-stabilizing drug, primarily in the 
treatment of epilepsy, bipolar disorder, and, less commonly, 
major depression. See G. Rosenberg, Cell. Mol. Life. Sci. 64 
(2007) 2090-2103. It is also used to treat migraine headaches 25 

and schizophrenia. A typical dose of valproate varies by indi­
cation. Dosages for seizures are between 10 to 15 mg/kg/day, 
with potential increases of 5 to 10 mg/kg/day. VPA is a liquid 

16 
clonazepam can lead to profound sedation and increases the 
risk of absence seizures in patients susceptible to them. 

Valproic acid and sodium valproate reduce the apparent 
clearance oflamotrigine (lamictal). In most patients, the lam­
otrigine dosage for coadministration with valproate must be 
reduced to half the monotherapy dosage. 

Valproic acid is contraindicated in pregnancy, as it 
decreases the intestinal reabsorption of folate (folic acid), 
which leads to neural tube defects. Because of a decrease in 
folate, megaloblastic anemia may also result. Phenyloin also 
decreases folate absorption, which may lead to the same 
adverse effects as valproic acid. 

Valproic acid, 2-propylvaleric acid, is synthesized by the 
alkylation of cyanoacetic ester with two moles of propyl bro­
mide, to give dipropylcyanoacetic ester. Hydrolysis and 
decarboxylation of the carboethoxy group gives dipropylac­
etonitrile, • which is hydrolyzed into valproic acid. See U.S. 
Pat. Nos. 3,325,361 and 4,155,929 and GB Pat. Nos. 980279 
and 1522450. See also, T. R. Henry, "The History ofValproate 
in Clinical Neuroscience." Psychopharmacology bulletin 
(2003) 37 (Suppl2):5-16. 

Diclofenac 
Diclofenac is a nonsteroidal anti-inflammatory drug 

(NSAID) taken to reduce inflammation and as an analgesic 
reducing pain in certain conditions. Diclofenac is used to treat 
pain, inflammatory disorders, and dysmenorrhea and is a 
commonly used NSAID. See Auler et a!., Brazilian Jour. 
Med. Bio. Res., (1977) 30:369-374 and Hasan, et a!., and 
Pakistan Jour. Pharmaceutical Sciences, vol. 18, No. 1, Janu­
ary 2005, pp 18-24 both are hereby incorporated by reference 
in their entireties. 

The name is derived from its chemical name: 2-(2,6-
dichloranilino) phenylacetic acid, it may be supplied as either 
the sodium or potassium salt. Diclofenac is available as a 

at room temperature, but it can be reacted with a base such as 
sodium hydroxide to form the salt sodium valproate, which is 30 

a solid. The acid, salt, or a mixture of the two (valproate 
semi sodium, divalproate) are marketed under the various 
brand names Depakote, Depakote ER, Depakene, Depakene 
Crono (extended release in Spain), Depacon, Depakine, Val­
parin and Stavzor. 

Valproate is believed to affect the function of the neu­
rotransmitter GABA in the human brain, making it an alter­
native to lithium salts in treatment of bipolar disorder. Its 
mechanism of action includes enhancedneurotransmission of 
GABA (by inhibiting GABA transaminase, which breaks 40 

down GABA). However, several other mechanisms of action 

35 generic drug in a number of formulations; including Dichlo­
fenac diethylammonium applied topically to joints. Over-the­
counter (OTC) use is approved in some countries for minor 
aches and pains and fever associated with common infec­
tions. 

in neuropsychiatric disorders have been proposed for valproic 
acid in recent years. See Rosenberg G (2007). "The mecha­
nisms of action of valproate in neuropsychiatric disorders: 
can we see the forest for the trees?". Cellular and Molecular 45 

Life Sciences 64 (16): 2090-103. 
Valproic acid also blocks the voltage-gated sodium chan­

nels and T-type calcium channels. These mechanisms make 
valproic acid a broad-spectrum anticonvulsant drug. Valproic 
acid is an inhibitor of the enzyme histone deacetylase 1 50 

(HDAC1 ), hence it is a histone deacetylase inhibitor. Valproic 
acid may interact with carbamazepine, as valproates inhibit 
microsomal epoxide hydrolase (mEH), the enzyme respon­
sible for the breakdown of carbamazepine-1 0, 11 epoxide (the 
main active metabolite of carbamazepine) into inactive 55 

metabolites. (See Gonzalez, Frank J.; Robert H. Tukey 
(2006). "Drug Metabolism". In Laurence Brunton, John 
Lazo, Keith Parker (eds.). Goodman & Gilman's The Phar­
macological Basis of Therapeutics (11th ed.). New York: 
McGraw-Hill. pp. 79.) By inhibiting mEH, valproic acid 60 

causes a buildup of the active metabolite, prolonging the 
effects of carbamazepine and delaying its excretion. Valproic 
acid also decreases the clearance of amitriptyline and nortrip­
tyline. 

Aspirin may decrease the clearance ofvalproic acid, lead- 65 

ing to higher-than-intended serum levels of the anticonvul­
sant. Also, combining valproic acid with the benzodiazepine 

Diclofenac is typically absorbed readily, but absorption is 
delayed upon administration with food. Its half-life varies 
from 1 to 3 hours with mean peak plasma levels of about 0.5 
ug/ml to 1.0 ug/ml after 2 hours of a single dose of 25 mg. 
Diclofenac binds to human serum proteins, specifically albu­
min. See Hasan et al2005. 

Ibuprofen 
Ibuprofen (from iso-butyl-propanoic-phenolic acid) is a 

nonsteroidal anti-inflammatory drug (NSAID) widely pre­
scribed for pain relief, fever reduction, and swelling. Ibupro­
fen was derived from propanoic acid. Originally marketed as 
Brufen, ibuprofen is available under a variety of popular 
trademarks, including Motrin, Nurofen, Advil, and Nuprin. 
Ibuprofen is used primarily for fever, pain, dysmenorrhea and 
inflammatory diseases such as rheumatoid arthritis. It is also 
used for pericarditis and patent ductus arteriosus. It is a com­
monly used drug commercially available over the counter. 

Nonsteroidal anti-inflammatory drugs such as ibuprofen 
work by inhibiting the enzyme cyclooxygenase (COX), 
which converts arachidonic acid to prostaglandin H2 
(PGH2). PGH2, in turn, is converted by other enzymes to 
several other prostaglandins (which are mediators of pain, 
inflammation, and fever) and to thromboxane A2 (which 
stimulates platelet aggregation, leading to the formation of 
blood clots). 

Like aspirin and indomethacin, ibuprofen is a nonselective 
COX inhibitor, in that it inhibits two isoforms of cyclooxy­
genase, COX-1 and COX-2. The analgesic, antipyretic, and 
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ric daily doses of GHB are between 1 g and 9 g/day for 
pediatric patients aged 7-17 years. However, these ranges are 
not absolute and can be increased or decreased by 1-2 grams 
in either direction. One dose is typically administered prior to 
bed (night time sleep) and another dose administered 1-2 5 

hours later. See the Xyrem® package insert (Xyrem® is a 
registered trademark of Jazz Pharmaceuticals pic or its sub­
sidiaries.). Either or both of the multiple doses may be 
reduced to present a safer administration profile. For 
example, the first dose may be reduced by the numbers 10 

referred to above or the second may be reduced by the same 
percentages, or both. Furthermore, the absolute amount of 
GHB perdoseorperday maybereducedatleast 0.5 g, 1 g, 1.5 
g, 2.0 g, 2.5 g, 3.0 g, 3.5 g, or 4 g. An exemplary decrease in 
an adult dose would be to reduce the maximum dose to less 15 

than 8.5, 8, 7.5, 7, 6.5, 6, 5.5, 5, 4.5, 4, 3.5, 3 g/day and so on. 
The minimum dose will be reduced accordingly to 4, 3.5, 3, 
2.5, 2, and so on. 

In one embodiment of the present invention, diclofenac 
may dampen or delay the effect ofGHB upon a patient during 20 

concomitant administration. In one embodiment, it may be 
useful to increase the amount ofGHB that is administered to 
the patient. For example, GHB may be increased at least 1%, 
5%, 10%, 15%,20%,25%,30%,35%,40%,45%, or 50% of 
the normal dose ofGHB. For example, if the normal dose is 25 

10 g/day, then a dose that is adjusted to increase the normal 
dose by 15% is 11.5 g/day. The GHB dose increase may be 
taken for one or multiple GHB dosings. For example, GHB 
may be administered in two doses per night for narcolepsy. 
Either, or both, of the multiple doses may be increased to 30 

present a safer administration profile. For example, the first 
dose may be increased by the numbers referred to above or the 
second may be increased by the same percentages, or both. 
Furthermore, the absolute amount ofGHB per dose or per day 
may be increased at least 0.5 g, 1 g, 1.5 g, 2.0 g, 2.5 g, 3.0 g, 35 

3.5 g, or 4 g. An exemplary increase in an adult dose would be 

20 
The examples below, which show drug interaction studies 

in healthy adults, demonstrated those instances, test condi­
tions or metrics which showed a distinction between GHB 
and either of the test compounds, diclofenac, valproate, or 
ibuprofen. Additionally, drug interaction studies in healthy 
adults demonstrated pharmacokinetic or clinically significant 
pharmacodynamic interactions between GHB and diclofenac 
or valproate. 

Example 1 

This study was designed to compare Pharmacokinetic (PK) 
and Pharmacodynamic (PD) endpoints of Xyrem® sodium 
oxysorbate (GHB) with and without concomitant administra­
tion of diclofenac. A crossover design was employed to allow 
within-subject comparisons of the PK and PD of Xyrem® 
dosed alone and in combination with diclofenac. The PK and 
PD effects of Xyrem® upon those of diclofenac were also 
studied. 

The PD parameters included a selection of automated tests 
of attention, information processing, working memory and 
skilled coordination from the CDR System. (Rapeport et a!, 
1996ab; Williams eta!, 1996). (Wesnes eta!, 1997). (Wesnes 
eta!, 2000) (Modi eta!, 2007). 

Methods 
This was a Phase 1, randomized, double-blind, placebo­

controlled, three-period, crossover study in healthy subjects. 
24 subjects were recruited to ensure that 18 completed the 
study. Following Screening and Baseline procedures, eligible 
subjects were entered into the study and received one of the 
following treatments per period, in randomized order: 

Diclofenac placebo administered as one capsule qid (doses 
separated by 4 hours during the day, eg, approximately 8 am, 
12 pm, 4 pm, and 8 pm) for 2 days before concomitant 
administration day. On concomitant administration day, one 
diclofenac placebo capsule administered at -1 hand 3 h, and 
3 g ofXyrem® administered at 0 hand 4 h. 

Diclofenac administered as 50 mg immediate-release (IR) 
tablet ( overencapsulated) qid (doses separated by 4 hours 

to increase the minimum dose to 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5 
g/day and so on. An increase in the maximum dose would be 
atleast9.5, 10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14g/dayand 
so on. 40 during the day, eg, approximately 8 am, 12 pm, 4 pm, and 8 

pm) for 2 days before concomitant administration day. On 
concomitant administration day, 50 mg diclofenac adminis­
tered at -1 hand 3 hand 3 g ofXyrem® administered at 0 h 
and4 h. 

In another aspect, a package or kit is provided comprising 
GHB, optionally in a container, and a package insert, package 
label, instructions or other labelling including any one, two, 
three or more of the following information or recommenda­
tions: (a) use of diclofenac or valproate should be avoided or 45 

discontinued, (b) concomitant administration of GHB with 
drugs that are MCT inhibitors, such as diclofenac orvalproate 
can alter the therapeutic effect or adverse reaction profile of 
GHB, (c) concomitant administration of GHB and valproate 
resulted in an increase in exposure to GHB, (d) concomitant 50 

administration of GHB and diclofenac resulted in a decrease 
in exposure to GHB, and/or (e) MCT inhibitors should be 
used with caution in patients receiving GHB due to the poten­
tial for increased GHB clearance. 

Alternatively, diclofenac can be administered to counteract 
the effects ofGHB toxicity using a reverse of the numerical 
relationships above. Similarly, valproate can be used to 
increase the effects ofGHB in patients that cannot take higher 
amounts of GHB. In this regard, the present invention 
includes methods for reducing the effects ofGHB toxicity in 
a patient in need thereof, comprising administering to said 
patient an effective amount of diclofenac such that potential 
toxic effects of GHB are reduced. The present invention also 
includes methods for potentiating the beneficial effects of 
GHB in a patient in need thereof comprising concomitantly 
administering to said patient an effective amount of valproate 
such that the beneficial effects of GHB are increased. 

Diclofenac administered as 50 mg IR tablet ( overencapsu­
lated) qid (doses separated by 4 hours during the day, eg, 
approximately 8 am, 12 pm, 4 pm, and 8 pm) for 2 days before 
concomitant administration day. On concomitant administra­
tion day, 50 mg diclofenac administered at -1 h and 3 h and 
Xyrem® placebo (volume equivalent to 3 g ofXyrem® oral 
solution) administered at 0 hand 4 h. 

Subjects were randomized to one of the above treatments 
on Day 1, crossed over to another treatment on Day 6, and 
crossed over again to the remaining treatment on Day 11 

55 (Table 1). Subjects were dosed in groups of up to 12. A 2-day 
washout period followed each of the treatment periods. The 
treatments were as follows: A=Diclofenac placebo (qid 4 h 
apart on the 1st and 2nd day and 2 doses on the 3rd day of the 
period)+Xyrem® two 3 g doses 4 h apart on the 3rd day of the 

60 period. B=Diclofenac (50 mg qid 4 h apart on the 1st and 2nd 
day and 2 doses on the 3rd day of the period)+Xyrem® two 3 
g doses 4 h apart on the 3rd day of the period. C=Diclofenac 
(50 mg qid 4 h apart on the 1st and 2nd day and 2 doses on the 
3rd day of the period)+Xyrem® placebo two doses 4 h apart 

65 on the 3rd day of the period. PD parameters include the 
following: Cognitive Drug Research (CDR) System tasks: 
Karolinska Sleepiness Scale (KSS), Simple Reaction Time 
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(SRT), Digit Vigilance (DV), Choice Reaction Time (CRT), 
Tracking and Numeric Working Memory (NWM). 

Results 
Power of attention-On this measure of focussed attention 

and information processing Xyrem® when co-dosed with 5 

diclofenac produced significantly less impairment than 
Xyrem® alone at 0.5 h; while the smaller impairments with 
the combination narrowly missed significance at 1 and 4.5 h. 
Xyrem® when co-dosed with diclofenac also resulted in 
impairments at two timepoints compared to diclofenac alone 10 

which at 6.5 h was significant and a trend at 8 h. See FIG. 1 
which shows Change from Baseline Figure (LSmean with 
95% CI) for Power of Attention (ms) (PD Completer Popu­
lation). 

Digit Vigilance Accuracy-On this measure of focussed 15 

attention Xyrem® when co-dosed with diclofenac produced 
significantly less impairment thanXyrem® alone at 1 and 2.5 
h. See FIG. 2 which shows Change from Baseline Figure 
(LSmean with 95% CI) for Digit Vigilance Accuracy(%) (PD 
Completer Population). 

Digit Vigilance Mean Reaction Time-On this measure of 
focussed attention Xyrem® when co-dosed with diclofenac 
produced significantly less impairmentthanXyrem® alone at 

20 

1 and 2.5 h. See FIG. 3 which shows Change from Baseline 
Figure (LSmean with 95% CI) for Digit Vigilance Mean 25 

Reaction Time (ms) (PD Completer Population). 
Choice Reaction Time Mean-Impairments to this measure 

of attention and information processing were significantly 
smaller than with Xyrem® alone when co-dosed with 
diclofenac during the hour following the first dose of 30 

Xyrem®. See FIG. 4 which shows Change from Baseline 
Figure (LSmean with 95% CI) for Choice Reaction Time 
Mean (ms) (PD Completer Population). 

While diclofenac alone had no effect on sleepiness or cog­
nitive function, when co-dosed with Xyrem® it significantly 35 

reduced the effects of the compound on Power of Attention 
and two of the contributing scores, simple and choice reaction 
time; these effects being seen during the hour after the first 
dose ofXyrem®. On the other hand, there was no evidence on 
any measure of greater cognitive impairment or sleepiness 40 

when the two compounds were co-dosed. 
The extent of the reductions in the impairments to the 

ability to focus attention and efficiently process information 
were quite notable, and likely to be of clinical relevance. It is 
interesting that protective effect of diclofenac was not seen on 45 

the subjects ratings of alertness, such a dissociation having 
been seen previously with haloperidol in healthy elderly vol­
unteers (Beuzan eta!, 1991). 

In conclusion, evidence of an interaction was seen in this 
study over the hour following the first dose ofXyrem® on the 50 

study days, the impairments being notably smaller when 
diclofenac was co-dosed with Xyrem®. There was no inter­
action however on the feelings of sleepiness in the subjects. 

Example 2 55 

22 
The objectives of this study were to evaluate the PK and PD 

of Xyrem® co-administered with divalproex sodium 
extended-release tablets and to evaluate and compare the 
safety and tolerability of Xyrem® with and without co-ad­
ministration of divalproex sodium extended-release tablets. 

This was a Phase 1, randomized, double-blind, placebo­
controlled, five-period, crossover study in healthy male sub­
jects. The study was conducted in approximately 24 healthy 
subjects to ensure completion of 16 subjects. Following 
Screening and Baseline procedures, eligible subjects were 
randomized to receive Xyrem® and Xyrem® placebo in a 
crossover fashion in Periods 1 and 2; were dosed with dival­
proex sodium extended-release tablets for 10 consecutive 
days in Period 3; and while continuing to take divalproex 
sodium extended-release tablets, were randomized to receive 
Xyrem® and Xyrem® placebo in a crossover fashion in Peri­
ods 4 and 5 (Table 1 ). 

Periods 1 and 2: 
Subjects were randomized to receive two 3 g doses of 

Xyrem® or Xyrem® placebo 4 hours apart in a crossover 
fashion at approximately 9 AM (first dose) and 1 PM (second 
dose) on Days 1 and 3. PK and PD parameters were evaluated 
during the 24 hours postdose. 

Blood samples ( 4 mL) for sodium oxybate concentrations 
were collectedatpredose and at specified time-points up to 12 
hours after the first dose ofXyrem® or Xyrem® placebo on 
Days 1 and 3. A PD Battery including the Karolinska Sleepi­
ness Scale, Simple Reaction Time task, Digit Vigilance task, 
Choice Reaction Time task, Tracking task, and Numeric 
Working Memory task was administered at planned time­
points up to X hours after first dose (X hours after second 
dose), and safety were monitored at specified timepoints on 
Days 1 and 3 as well as throughout the periods. 

Period 3: 
All subjects received divalproex sodium extended-release 

tablets 1250 mg at approximately 8 AM on Days 5 through 
14. Blood samples ( 4 mL) for valproic acid concentrations 
were collected before the divalproex sodium dose (to deter­
mine trough concentration for assessment of steady state) on 
Days 13 and 14. Safety was monitored at specified timepoints 
as well as throughout the period. 

Periods 4 and 5: 
Subjects continued taking 1250 mg divalproex sodium 

extended-release tablets at approximately 8 AM on Days 15 
through 18. Subjects were also randomized to receive two 3 g 
doses ofXyrem® or Xyrem® placebo in a crossover fashion 
at approximately 9 am (first dose) and 1 pm (second dose) on 
Days 15 and 18. The first dose ofXyrem® orXyrem® pla­
cebo was taken approximately 1 hour after dosing with dival-
proex sodium extended-release tablets, and the second dose 
ofXyrem® or Xyrem® placebo was taken 4 hours after the 
first Xyrem®/Xyrem® placebo dose. 

Blood samples ( 4 mL) to measure plasma sodium oxybate 
concentrations were collected at pre Xyrem®/Xyrem® pla­
cebo dose and at specified timepoints after the first Xyrem® 
or Xyrem® placebo dose on Days 15 and 18. Blood samples 
( 4 mL) to measure plasma valproic acid concentrations were 

This study is designed to compare the pharmacokinetic 
(PK) and pharmacodynamic (PD) endpoints ofXyrem® with 
and without co-administration of divalproex sodium 
extended-release tablets. The crossover design allows within­
subject comparisons of the PK and PD of Xyrem® dosed 
alone and in combination with divalproex sodium extended­
release tablets. PD parameters include the following: Cogni­
tive Drug Research (CDR) System tasks: Karolinska Sleepi­
ness Scale (KSS), Simple Reaction Time (SRT), Digit 
Vigilance (DV), Choice Reaction Time (CRT), Tracking and 
Numeric Working Memory (NWM). 

60 collected pre divalproex sodium dose and at specified time­
points after the dose of divalproex sodium extended-release 
tablets on Day 15 and 18. 

The PD battery was administered on Day 15 and 18, and 
safety was monitored at specified times on Days 15 and 18 as 

65 well as throughout the periods. 
The treatments were as follows: A=Xyrem®, two 3 g 

doses, 4 hours apart at approximately 9 AM (ls' dose) and 1 
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PM (2nd dose); B= Xyrem® placebo, two doses, 4 hours apart; 
and C=Divalproex sodium 1250 mg, once a day at approxi­
mately SAM. 

Results 
The results below show the tests in which GHB adminis­

tration was affected by concomitant administration of any of 
three MCT inhibitors, such as valproate, diclofenac, and ibu­
brofen. 

Continuity of Attention 
Xyrem® and divalproex sodium together (A+C) when 10 

compared to Xyrem® alone (A) showed a slightly delayed 
recovery for the combination at 4 hours and 8 hours. See FIG. 
5 which shows Change from Baseline Figure (LSmean with 
95% CI) for Continuity of Attention(#) (PD Population). 

24 
combination also produced more consistent impairments 
when compared with divalproex sodium alone, than did 
Xyrem® when compared to its placebo. Thus this study has 
found evidence that co-administration ofXyrem® and dival­
proex produces greater impairments to cognitive function and 
sleepiness than were seen with Xyrem® alone. 

Example 3 

The effects of Ibuprofen were evaluated when combined 
with Xyrem® in a mam1er similar to the above. No differ­
ences were seen using the metrics above for Karolinska 
Sleepiness Scale (KSS), and the following CDR System 
tasks: Simple Reaction Time, Digit Vigilance, Choice Reac-

Simple Reaction Time Mean 
At 1 hour and 4 hours, Xyrem® and divalproex sodium 

together produced statistically reliably greater impairments 
than Xyrem® alone. See FIG. 6, which shows Change from 
Baseline Figure (LSmean with 95% CI) for Simple Reaction 
Time Mean (ms) (PD Population). 

15 tion Time, Tracking and Numeric Working Memory. How­
ever, it was observed that renal excretion ofXyrem® doubled 
upon concomitant administration oflbuprofen and Xyrem®. 

All publications and patent applications cited in this speci­
fication are herein incorporated by reference as if each indi-

Digit Vigilance Accuracy 
20 vidual publication or patent application were specifically and 

individually indicated to be incorporated by reference. 
Although the foregoing has been described in some detail by 
way of illustration and example for purposes of clarity of 

At 2.5 and 4 hours Xyrem® and divalproex sodium 
together were statistically reliably different greater impair­
ment to Xyrem® alone. See FIG. 7, which shows Change 
from Baseline Figure (LSmean with 95% CI) for Digit Vigi- 25 

lance Accuracy(%) (PD Population). 
Tracking Distance from Target 
Xyrem® and divalproex sodium together (A+C) when 

compared to Xyrem® alone (A) showed a statistically sig­
nificant difference by a slightly delayed recovery for the 30 

combination at 4 and 8 hours. See FIG. 8 which shows the 
Change from Baseline Figure (LSmean with 95% CI) for 
Tracking Distance from Target (mm) (PD Population). 

Numeric Working Memory Sensitivity Index 
Xyrem® and divalproex sodium together (A+C) when 35 

compared to Xyrem® alone (A) showed a difference at 4.5 
through 8 hours. See FIG. 9, which shows the Change from 
Baseline Figure (LSmean with 95% CI) for Numeric Working 
Memory Sensitivity Index(#) (PD Population). 

Numeric Working Memory Mean Reaction Time 40 

Xyrem® and divalproex sodium together (A+C) when 
compared to Xyrem® alone (A) showed statistically signifi­
cant differences at 2.5, 5 and 8 hours when the combination 
produced greater impairment. See FIG. 10, which shows the 
Change from Baseline Figure (LSmean with 95% CI) for 45 

Numeric Working Memory Mean Reaction Time (ms) (PD 
Population). 

In addition, it was observed that renal excretion of GHB 
increase 30% upon co-administration ofValproate. 

We also found pk changes which were consistent with the 50 

inhibition of GHB dehydrogenase. This effect will increase 
the exposure of GHB to the subject and increase Cmax and 
AUC about 15%. 

understanding, it will be readily apparent to those skilled in 
the art in light of the teachings of the specification that certain 
changes and modifications may be made thereto without 
departing from the spirit or scope of the appended claims. 

What is claimed is: 
1. A method for treating a patient who is suffering from 

excessive daytime sleepiness, cataplexy, sleep paralysis, 
apnea, narcolepsy, sleep time disturbances, hypnagogic hal­
lucinations, sleep arousal, insonmia, or nocturnal myoclonus 
with gamma-hydroxybutyrate (GHB) or a salt thereof, said 
method comprising: 

orally administering to the patient in need of treatment at 
least 5% decrease in an effective dosage amount of the 
GHB or salt thereof when the patient is receiving a 
concomitant administration of valproate, an acid, salt, or 
mixture thereof. 

2. The method in accordance with claim 1, wherein there is 
at least about a 15% reduction in the effective dosage amount 
of the GHB or salt thereof given to the patient and wherein the 
valproate, acid, salt or mixture thereof is divalproex sodium. 

3. The method in accordance with claim 2, wherein the 
dose of the GHB or salt thereof given to the patient without 
concomitant administration of valproate, an acid, salt or mix­
ture thereof is from 4.5 to 9 grams per day. 

4. The method in accordance with claim 1, wherein the 
effective dosage amount is a reduction of about 5% to 10%, 
about 10% to 15%, about 15% to 20%, about 20% to 25%, 
about 25% to 30%, about 30% to 35%, about 35% to 40%, 
about 40% to 45%, or about 45% to 50%, relative to the dose 
of the GHB or salt thereof normally given to the patient. 

The combination of Xyrem® dosed with divalproex 
sodium was compared to divalproex sodium alone, more con­
sistent statistically significant impairments over time were 
seen with the combination, than when Xyrem® was com­
pared to its placebo, indicating that the effects of co-admin­
istration, when they appeared, were in the direction of 
increased impairments. 

5. The method in accordance with claim 1, wherein the 
55 patient is suffering from narcolepsy. 

6. The method in accordance with claim 1, further com­
prising administering aspirin to the patient. 

7. The method in accordance with claim 1, wherein the 
effective dosage amount of the GHB or a salt thereof is 

60 reduced from a range of 4.5 to 9 grams per day. 
As has been seen previously, Xyrem® induces sleepiness 

and produces impairments to attention, working memory and 
performance on a tracking task in healthy volunteers. Dival­
proex sodium alone showed no consistent or notable effects 
on cognitive function or sleepiness. There were occasions 65 

when co-administration of Xyrem® and divalproex sodium 
produced greater deficits than Xyrem® alone. Further the 

8. The method in accordance with claim 1, wherein the 
dose of the GHB or salt thereof without concomitant admin­
istration of valproate, an acid, salt or mixture thereof is from 
4.5 to 9 grams per day. 

9. The method in accordance with claim 1, wherein the 
effective dosage amount of the GHB or salt thereof is between 
3 grams and 7 grams per day. 
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10. The method in accordance with claim 1, wherein the 
effective dosage amount of the GHB or salt thereof is between 
3.5 grams and 4 grams per day. 

11. A method of safely administering GHB or a salt thereof 
for excessive daytime sleepiness, cataplexy, sleep paralysis, 
apnea, narcolepsy, sleep time disturbances, hypnagogic hal­
lucinations, sleep arousal, insonmia, or nocturnal myoclonus 
in a human patient who is being administered GHB, said 
method comprising: 

determining if the patient has taken, or will take, a con- 10 

comitant dose of valproate, an acid, salt or mixture 
thereof; and 

orally administering a reduced amount of the GHB or salt 
thereof to the patient wherein the reduction is at least 5% 
compared to a dose without concomitant administration 
ofvalproate, an acid, salt or mixture thereof. 

12. The method in accordance with claim 11, wherein the 
amount ofGHB or salt thereof is reduced at least 10% to 30%. 

13. The method in accordance with claim 11, wherein the 
amount of GHB or salt thereof is reduced at least 15% patient 
and wherein the valproate, acid, salt, or mixture thereof is 
divalproex sodium. 

15 

20 

14. The method in accordance with claim 11, wherein the 
valproate, acid, salt or mixture thereof is administered within 
two weeks of administration of the GHB or salt thereof. 

25 

15. The method in accordance with claim 11, wherein the 
valproate, acid, salt or mixture thereof is administered within 
three days of administration of the GHB or salt thereof. 

16. The method in accordance with claim 11, wherein the 
patient is suffering from narcolepsy. 

17. The method in accordance with claim 11, further com­
prising administering aspirin to the patient. 

18. The method in accordance with claim 11, further com­
prising recommending to decrease the dose of GHB or salt 
thereof by 20% patient and wherein the valproate acid salt 
or mixture thereof is divalproex sodium. ' ' ' 

19. A method for treating a patient who is suffering from 
narcolepsy, said method comprising: 

administering a therapeutically effective amount of a for-
mulation containing a GHB salt to a patient starting at a 
concentration of between 350 and 750 mg/ml with a pH 
ofbetween 6 and 10; 

determining if the patient is also being administered val-

30 
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proate, an acid, salt or mixture thereof; 45 
warning of a potential drug/drug interaction due to the 

combination of valproate, an acid, salt or mixture thereof 
and the GHB salt; and 

recommending reducing the dose of the GHB salt at least 
15%. 

20. The method in accordance with claim 19 wherein the 
50 

valproate, acid, salt or mixture thereof is �a�d�m�i�n�i�~�t�e�r�e�d� within 
two weeks of administration of the GHB salt. 

21. The method in accordance with claim 19 wherein the 
valproate, acid, salt or mixture thereof is �a�d�m�i�n�i�~�t�e�r�e�d� within 
three days of administration of the GHB salt. 
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22. The method in accordance with claim 19, wherein the 

GHB salt is administered starting at a concentration of 
between 450 to 550 mg/ml. 

23. The method in accordance with claim 22, further com­
prising adding water to the GHB salt formulation. 

24. The method in accordance with claim 19, wherein the 
GHB salt formulation has a pH between 6.5 and 8. 

25. The method in accordance with claim 19, further com­
prising administering the reduced dose of the GHB salt to the 
patient. 

26. The method in accordance with claim 19, wherein the 
GHB salt comprises a single salt or a mixture of salts ofGHB 
selected from the group consisting of a sodium salt of 
hydroxybutyrate (Na.GHB), a potassium salt of gma-hy­
droxybutyrate (K.GHB), a magnesium salt of gma-hy­
droxybutyrate (Mg.(GHB)2), and a calcium salt of gamma­
hydroxybutyrate (Ca.(GHB)2). 

27. The method in accordance with claim 19, further com­
prising administering aspirin to the patient. 

28. The method in accordance with claim 19, comprising 
recommending reducing a dose ofGHB or salt thereof at least 
20% patient and wherein the valproate, acid, salt, or mixture 
thereof is divalproex sodium. 

29. The method in accordance with claim 19, further com­
prising adding water to the GHB salt formulation. 

30. A method for treating a patient who is suffering from 
narcolepsy, said method comprising: 

administering a therapeutically effective amount of a for­
mulation containing a GHB salt to a patient; 

determining if the patient is also being administered val­
proate, an acid, salt or mixture thereof; 

recommending a 20% decrease in the starting dose of the 
GHB salt such that a patient starts taking the GHB salt at 
an adjusted dosage amount between 3.5 grams and 4 
grams the GHB salt per night administered orally. 

31. The method in accordance with claim 30, wherein the 
starting adjusted dosage amount of the GHB salt is about 3.6 
grams. 

32. The method in accordance with claim 30, further com­
prising optionally diluting the GHB salt formulation from a 
starting concentration of between 350 and 750 mg/ml with a 
pH of between 6 and 10. 

33. A method for treating a patient who is suffering from 
narcolepsy, said method comprising: 

orally administering a therapeutically effective amount of a 
formulation containing a GHB salt; 

determining if the patient is also being administered val­
proate, an acid, salt or mixture thereof; 

recommending a 20% decrease in the starting dose of the 
GHB salt such that the amount that the patient is admin­
istered is reduced to about 3.6 grams GHB per day. 

34. The method in accordance with claim 33, further com­
prising optionally diluting the GHB salt formulation from a 
starting concentration of between 350 and 750 mg/ml with a 
pH of between 6 and 10. 

* * * * * 
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