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IMMEDIATE RELEASE DOSAGE FORMS OF SODIUM OXYBATE

PRIORITY CLAIM TO RELATED APPLICATIONS

This application is a continuation application of U.S. Application Serial

No. 12/264,709, filed November 4, 2008, which application is incorporated

herein by reference and made a part hereof in its entirety.

BACKGROUND OF THE INVENTION

Initial interest in the use of sodium oxybate as a potential treatment for

narcolepsy arose from observations made during the use of sodium oxybate

(known as gamma-hydroxybutyrate in older literature) for anesthesia. Unlike

traditional hypnotics, sodium oxybate induces sleep that closely resembles

normal, physiologic sleep (Mamelak et al., Biol Psych 1977:12:273-288).

Therefore, early investigators administered gamma-hydroxybutyrate (GHB) to

patients suffering from disorders of disturbed sleep, including narcolepsy

(Broughton et al. in Narcolepsy, NY, NY: Spectrum Publications, Inc. 1976:659-

668), where it was found to increase total nocturnal sleep time, decrease

nocturnal awakenings and increase Stage 3-4 (slow wave) sleep. Three open-

label and two placebo-controlled studies provided a body of evidence

demonstrating that improvements in nocturnal sleep were associated with a

reduction in cataplexy and improvements in excessive daytime sleepiness

(Broughton et al., Can J . Neurol Sci 1979; 6:1-6, and Broughton et al., Can J.

Neurol Sci 1980; 7:23-30)

Scharf et al. conducted an open-label study to evaluate the effects of

GHB on the sleep patterns and symptoms of non-narcoleptic patients with

fibromyalgia (Scharf et al., J Rheumatol 1998;25: 1986-1990). Eleven patients

with previously confirmed diagnosis of fibromyalgia who reported at least a 3-

month history of widespread musculoskeletal pain in all body quadrants and

tenderness in a least 5 specific trigger point sites participated in the study.

Results showed that patients reported significant improvements in the subjective

assessments of their levels of pain and fatigue over all 4 weeks of GHB



treatment as compared to baseline, as well as a significant improvement in their

estimates of overall wellness before and after GHB treatment.

WO 2006/053 186 to Frucht describes an open label study of 5 patients

with hyperkinetic movement disorders including ethanol responsive myoclonus

and essential tremor. Sodium oxybate was reported to produce dose-dependent

improvements in blinded ratings of ethanol responsive myoclonus and tremor

and was said to be tolerated at doses that provided clinical benefit.

Xyrem® sodium oxybate oral solution, the FDA approved treatment for

cataplexy and excessive daytime sleepiness associated with narcolepsy, contains

500 mg sodium oxybate/ml water, adjusted to pH = 7.5 with malic acid. In man,

the plasma half-life of sodium oxybate given orally is about 45 minutes and

doses of 2.25 grams to 4.5 grams induce about 2 to 3 hours of sleep (See, L.

Borgen et al., J . Clin. Pharmacol. , 40, 1053 (2000)). For optimal clinical

effectiveness in narcolepsy, sodium oxybate must be given twice during the

night, and is administered as an aqueous solution. For each dose, a measured

amount of the oral solution must be removed from the primary container and

transferred to a separate container where it is diluted with water before

administration. The second dose is prepared at bedtime and stored for

administration in the middle of the night. This regimen is cumbersome and

prone to errors in the preparation of the individual doses. For this reason, a more

convenient unit dosage form of the drug would be clinically advantageous.

Sodium oxybate is highly water-soluble, hygroscopic and strongly alkaline.

Paradoxically, despite its high water solubility, it forms a gel when dissolved in

water. These properties, along with the large amount of the drug that is required

to achieve the clinical effect, present challenges in preparing solid unit dosage

forms that are designed for immediate release of the sodium oxybate into the

gastrointestinal tract of the user.

L. Liang et al. (published U.S. patent application US 2006/0210630 Al)

discloses administration of gamma-hydroxybutyric acid using an immediate

release component and a delayed/controlled release component. The immediate

release component is disclosed to be an aqueous solution, or a "solid pellet, bead

or mini tablet." While the pellets disclosed in Example 1 comprise as much as

80-90 wt-% sodium gamma-hydroxybutyrate, they are the immediate release

portion of the controlled release dosage form and are not formed into a



compressed tablet. They are added to other forms of sodium oxybate to prepare

controlled release dosage forms.

A continuing need exists for solid immediate release dosage forms of

sodium oxybate that can deliver therapeutically effective amounts of sodium

oxybate following in vivo administration and which have pharmacokinetic

profiles similar to that of the oral solution.

SUMMARY OF THE INVENTION

The present invention provides a pharmaceutical composition, presented

as a solid unit dosage form adapted for oral administration of a therapeutic dose

of sodium oxybate. The preferred unit dosage form is a tablet comprising a

relatively high weight-percentage of sodium oxybate, in combination with a

relatively small weight-percentage of total excipients. This permits the tablets to

contain/deliver a pharmaceutically effective amount, e.g., about 0.5-1.5 g of

sodium oxybate in each tablet with a delivery profile similar to that of the liquid

form. The tablets are bioequivalent to the liquid form.

In one aspect the invention is a compressed tablet of sodium oxybate for oral

delivery of 0.5-1.25 g of sodium oxybate comprising at least 50 wt% sodium

oxybate; 1-10 wt% compression aid; and 1-50% binder; wherein the tablet is

bioequivalent to sodium oxybate oral solution.

According to one embodiment, the tablet may be coated to 1-10 wt% gain

with a film coating. The tablet may comprise 70-90 wt% sodium oxybate, or 80-

90 wt% sodium oxybate. The tablet need not contain a super-disintegrant. The

tablet may further comprise 0.1-10 wt% of a surfactant.

In another aspect, the invention is directed to an immediate release unit

dosage form comprising an about 0.5-1.5 g tablet comprising about 50-95 wt-%

sodium oxybate; about 2.5-7.5 wt-% microcrystalline cellulose and about 0.25-

2.5 wt-% surfactant, wherein at least 90% of the sodium oxybate is released from

the tablet within one hour from exposure of the tablet to an aqueous medium.

In a particular embodiment, the unit dosage form is coated with a water

resistant coating. Further, the surfactant may be an ionic or nonionic surfactant.

The dosage form may further comprise a minor but effective amount of at least

one of a second binder, a disintegrant, a glidant and a lubricant and also may



comprise 0.5-5 wt-% polyvinylpyrrolidone, 2.5-7.5 wt-% pregelatinized starch,

0.1-2.0 wt-% silicon dioxide and/or magnesium stearate.

In still another aspect, the invention is directed to a therapeutic method for

treating a human afflicted with a condition treatable with sodium oxybate by

orally administering to said human an effective amount of one or more of the

unit dosage forms or tablets described above. The conditions may include

narcolepsy, a movement disorder (such as restless leg syndrome or essential

tremor), fibromyalgia or chronic fatigue syndrome.

Another aspect of the invention is a method for preparing the tablets and

dosage forms described above by granulating a water-free composition

comprising the sodium oxybate, the compression and the binder; and

compressing the granulated composition to yield said tablet. The tablet may be

coated with a water resistant coating that may comprise PVA and lecithin.

In a further aspect the invention is a compressed tablet of an oxybate salt for

oral delivery of 0.5-1.25 g of oxybate salt comprising at least 50 wt% oxybate

salt; 5-10 wt% compression aid; and 1-50% binder; wherein the tablet is

bioequivalent to sodium oxybate oral solution. The oxybate salt may be

selected from the group consisting of potassium oxybate, calcium oxybate,

lithium oxybate and magnesium oxybate.

BRIEF DESCRIPTIONS OF THE FIGURES

Figure 1 is a graph depicting the dissolution curve of an immediate

release sodium oxybate tablet of the invention.

Figure 2 is a graph depicting the dissolution curves of three immediate

release sodium oxybate tablets according to the invention.

Figure 3 is a graph depicting the dissolution curve of a further immediate

release sodium oxybate tablet according to the invention.

Figure 4 is a graph depicting the dissolution curves of three immediate

release sodium oxybate tablets according to the invention.



DETAILED DESCRIPTION OF THE INVENTION

Administration of sodium oxybate in solid form presents several

challenges. The amount of drug taken by the patient for each dose is high,

generally at least 1.5 grams and as high as 4.5 grams. Patients treated with

sodium oxybate may have difficulty taking solid medications by mouth either

because they have disease states that make handling and swallowing difficult or

because they must take the medication upon being awakened in the middle of the

night. The situation is exacerbated by the large quantity of drug that is

administered in each dose. Accordingly, it is desirable to keep the size of the

tablet as small as possible while incorporating the largest amount of active

ingredient. In addition, the tablet must dissolve quickly in order to be

bioequivalent to the existing Xyrem oral solution, without high levels of

excipients to speed dissolution.

Therefore, according to the invention, the immediate release sodium

oxybate composition will comprise a therapeutically effective amount of sodium

oxybate or an alternative salt thereof. The structure of sodium oxybate is given

below as formula (Ia):

O

HO—CH2(CH2)2C—O Na+ (Ia).

Alternative salts useful in the present invention include compounds of formula

(I):

O

Y—CH2- (CH2)2— C— O— X (I)

wherein X is a pharmaceutically-acceptable cation and may be selected from the

group consisting of potassium, calcium, lithium and magnesium and Y is OH.

Sodium gamma-hydroxybutyrate (GHB) is currently available from Jazz

Pharmaceuticals, Inc. as Xyrem® oral solution.

A "delivery rate" refers to the quantity of sodium oxybate released in

vivo from a composition (tablet or dosage form) according to the invention per

unit time, e.g., milligrams of sodium oxybate released per unit time.

By "immediate release" is intended a composition that releases sodium

oxybate substantially completely into the gastrointestinal tract of the user within

a period of less than an hour, usually between about 0.1 and about 1 hour and



less than about 0.75 hours from ingestion. Such a delivery rate allows the drug

to be absorbed by the gastrointestinal tract in a manner that is bioequivalent to

the oral solution. The rapid release of sodium oxybate from the tablet is

especially important because following delivery of the oral solution, peak plasma

concentration of sodium oxybate occurs within an hour. Such rapid absorption

could only occur if the tablet dissolves in the upper portion the gastrointestinal

tract.

A "dissolution rate" refers to the quantity of drug released in vitro from a

dosage form per unit time into a release medium. In vitro dissolution rates in the

studies described herein were performed on dosage forms placed in a USP Type

II bath containing water which is stirred while maintained at a constant

temperature of 37°C. Aliquots of the dissolution media were injected into a

chromatographic system to quantify the amounts of drug dissolved during each

testing interval.

By "bioavailability" as used herein is intended the estimated area under

the curve, or AUC of the active drug in systemic circulation after oral

administration with a dosage form according to the invention compared with the

AUC of the active drug in systemic circulation after oral administration of

Xyrem, sodium oxybate oral solution. The AUC is affected by the extent to

which the drug is absorbed in the GI tract. In the case of sodium oxybate,

absorption is greatest in the upper GI tract, so that a solid dosage form must

dissolve quickly in order to be bioequivalent to the oral solution.

Products are considered to be "bioequivalent" if the relative mean Cmax,

AUC (o-t) and AUQo- ) of the test product to reference product is within 80% to

125%.

A "compressed" tablet is one in which the drug and the excipients are

bonded together sufficiently that they exhibit minimum friability (less than 1%)

when tumbled in a testing apparatus designed for that purpose.

By "sodium oxybate oral solution" is intended the product currently

known as Xyrem, a solution that contains 500 mg sodium oxybate/ml water,

adjusted to pH = 7.5 with malic acid.

The term "AUCo-t" means the area under the plasma concentration curve

from time 0 to time t .



The term "AUCo- " or ""AUCo-mf" means the area under the plasma

concentration time curve from time 0 to infinity.

By "Cmax" is intended the maximum plasma concentration of sodium

oxybate. The Cmax of a 3 gram dose of immediate release tablets is between 10

and 200 µg/mL, often between 20 and 120 µg/mL. Such profiles are especially

desirable for diseases such as narcolepsy, cataplexy, movement disorders such as

essential tremor and restless leg syndrome, fibromyalgia and chronic fatigue

syndrome.

By "tmax" is intended the time to maximum plasma concentration and for

sodium oxybate is between 0.5 and 2.5 hours, often between 0.5 and 1.5 hours

and 'V2" is intended the time to 50% plasma concentration and for sodium

oxybate is between 0.4 and 0.9 hours, often between 0.5 and 0.7 hours.

The apparent elimination rate constant is " " and may be between 0.5

and 2.5 hours 1.

By "oxybate salt" is intended a compound of formula I wherein X is a

pharmaceutically-acceptable cation and may be selected from the group

consisting of sodium, potassium, calcium, lithium and magnesium and Y is OH.

By "sodium oxybate" is intended a compound of formula Ia.

The pharmaceutical immediate release compositions suitable for oral

administration comprise solid unit dosage forms or "tablets" which can deliver a

therapeutically effective dose of sodium oxybate upon ingestion thereof by the

patient of one or more of said tablets, each of which can provide a dosage of

about 0.5-1.5 g of sodium oxybate (or equivalent thereof). Additionally, the

tablets could be shaped and scored to make them easier to swallow.

Examples of fillers/compression aids useful in said tablets include:

lactose, calcium carbonate, calcium sulfate, compressible sugars, dextrates,

dextrin, dextrose, kaolin, magnesium carbonate, magnesium oxide, maltodextrin,

mannitol, microcrystalline cellulose, powdered cellulose, and/or sucrose.

Examples of binders useful in said tablets include povidone and

pregelatinized starch. Other examples of binders include dextrin, gelatin,

hydroxypropyl methylcellulose, maltodextrin, starch, and zein. Further

examples of binders include but are not limited to: acacia, alginic acid,

carbomers (cross-linked polyacrylates), polymethacrylates,

carboxymethylcellulose sodium, ethylcellulose, guar gum, hydrogenated



vegetable oil (type 1), hydroxyethyl cellulose, hydroxypropyl cellulose,

methylcellulose, magnesium aluminum silicate, and/or sodium alginate.

Surfactant/wetting agent concentrations can be varied between 0.1 and 10

wt-% to complement the drug amount in said tablets. Examples of

surfactants/wetting agents comprise ionic and nonionic surfactants. Examples of

non-ionic surfactants include polyoxyethyelene alkyl ethers, polyoxyethylene

stearates, and/or poloxamers. Examples of ionic surfactants include but are not

limited to sodium lauryl sulfate, docusate sodium (dioctyl sulfosuccinate sodium

salt), benzalkonium chloride, benzethonium chloride, and cetrimide

(alkyltrimethylammonium bromide, predominantly Ci4-alkyl). Further examples

of non-ionic surfactants include but are not limited to polysorbate, sorbitan

esters, and glyceryl monooleate.

Glidant agent concentrations in said tablets can be varied between 0.1

and 5 wt-% to complement the drug amount. Examples of glidant agents are

calcium phosphate dibasic, calcium silicate, colloidal silicon dioxide,

magnesium silicate, magnesium trisilicate, silicon dioxide, starch, talc or

combinations thereof.

Lubricant concentrations in said tablets can be varied from 0.1 to 5 wt-%.

Examples of useful lubricants include: calcium stearate, hydrogenated castor oil,

hydrogenated vegetable oil, light mineral oil, magnesium stearate, mineral oil,

polyethylene glycol, sodium benzoate, sodium stearyl fumarate, stearic acid, and

zinc stearate.

Protection of the sodium oxybate composition from water during storage

may also be provided or enhanced by coating the tablet with a continuous

coating of a substantially water soluble or insoluble polymer. Useful water-

insoluble or water-resistant coating polymers include ethyl cellulose and

polyvinyl acetates. Further water-insoluble or water resistant coating polymers

include polyacrylates, polymethacrylates or the like. Suitable water-soluble

polymers include polyvinyl alcohol and HPMC. Further suitable water-soluble

polymers include PVP, HPC, HPEC, PEG, HEC and the like.

For example, the present tablet is a solid body of about 750 mg - 1.5 g of

a composition comprising about 50-95 wt-%, preferably about 70-92.5 wt-%

sodium oxybate, preferably about 75-90 wt-% sodium oxybate. The present

tablets also comprise about 2.5-7.5 wt-% of one or more microcrystalline



cellulose(s). These materials, which can include Avicel" PH 101 and SMCC 50,

function as direct compression binders.

The present tablets also preferably comprise about 0.25-2.5 wt-%

surfactant, preferably an anionic surfactant such as sodium lauryl sulfate or

docusate sodium. Nonionic surfactants such as a poloxamer, a polysorbate,

glyceryl mono-fatty acid esters, polyoxyethylene fatty acid esters and/or

polyoxyethylene ethers of fatty alcohols; and cationic surfactants such as

benzalkonium chlorides, benzethonium chlorides and cetrimide, can also be

used. Normally, surfactants are added to formulations of drugs that are poorly

water soluble in order to wet the surface of the drug particles. They generally

have little or no effect on the dissolution of water soluble drugs like sodium

oxybate. However, it was surprising that the addition of small amounts of

surfactant to the tablets produced substantially faster dissolution, although

addition of surfactant to the dissolution media, in equivalent or higher amounts

did not produce the same effect.

The present tablets can also contain minor but effective amounts of other

compression aids, fillers, binders, disintegrants, glidants and/or lubricants. For

example, the present tablets can preferably contain about 2.5-15 wt-%, e.g.,

about 3-10 wt-% of other binder(s), disintegrant(s), glidant(s), or a combination

thereof, including polyvinylpyrrolidone, pregelatinized starch, lactose, dibasic

calcium phosphate and a compressible sugar such as sorbitol.

Preferably, the secondary binders comprise a mixture of about 0.5-5 wt-

% polyvinylpyrrolidone (povidone) and about 2.5-7.5 wt-% pregelatinized

starch. The glidant/disintegrant is preferably 0.1-0.75 wt-% silicon dioxide (e.g.,

Cab-O-Sil® MPS) and the lubricant is a fatty acid salt such as magnesium

stearate or stearic acid. The present weight percentages are weight percentages

of the ingredients in an uncoated capsule.

Because sodium oxybate is hygroscopic, it is preferred to coat the present

tablet of the invention with a moisture-resistant coating such as a polyvinyl

alcohol/lecithin-based coating (Opadry® AMB) or a hypromellose,

microcrystalline cellulose, stearic acid coating (Sepifilm® LP 014). The coating

can make up about 1-5 wt-% of the weight of the coated capsule, e.g., about

1.25-5.5 wt-% of the uncoated capsule.



Unexpectedly, the present tablets do not require the use of a high-

performance disintegrant, such as a modified cellulosic disintegrant, e.g.,

croscarmellose sodium, (a cross-linked carboxymethyl cellulose) to achieve in

vivo bioavailability equivalent to that achieved by the Xyrem R sodium oxybate

oral solution. Typically, such high performance disintegrants are added at about

5-10 wt-% of immediate release compositions. In this case, the drug forms a gel

upon exposure to water, so despite the high solubility of sodium oxybate, unique

issues arise when attempting to produce a solid oral dosage form that will rapidly

disintegrate. A "superdisintegrant' is usually added, but with this gel forming

drug, such an additive would not aid in disintegration. Instead, a surfactant was

added to the mixture prior to roller compaction so that it is intra-granularly

incorporated. Such intra-granular incorporation speeds up dispersion of the

gelled drug so that the tablet dissolves faster. Further, it allows water to enter

the dosage form and aid in its disintegration, a phenomenon that would be

expected with a hydrophilic drug, rather than a hydrophobic one such as sodium

oxybate.

Controlled release formulations of gamma-hydroxybutyrate comprising a

delayed or controlled release component and an immediate release component

are described in U.S. 2006/0210630 Al. Pellets are formed from compositions

that typically comprise 10-50 wt-% of one or more microcrystalline celluloses,

in combination with 40-90 wt-% sodium oxybate. The pellets are formed by

adding 10-20 wt-% water during the granulation and extrusion process of the

composition that yields the GHB pellets. The pellets are then dispersed in a

solution of GHB.

The present immediate release dosage form is adapted for oral

administration, so as to attain and maintain a therapeutic level of sodium oxybate

over a preselected interval. The tablet contains a relatively large percentage and

absolute amount of sodium oxybate and so is expected to improve patient

compliance and convenience, by replacing the need to ingest large amounts of

liquids or liquid/solid suspensions. One or more immediate release tablets can

be administered, by oral ingestion, e.g., closely spaced, in order to provide a

therapeutically effective dose of sodium oxybate to the subject in a relatively

short period of time. For example, disintegration of a 500 mg - 1.0 g tablet can

provide about 95-100% of the oxybate to the subject in about 30-60 minutes.



The present invention also provides therapeutic methods to treat

conditions amenable to treatment by sodium oxybate, such as those discussed

hereinabove, by administering an effective amount of one or more dosage forms

of the invention.

The present dosage forms can be administered to treat a human afflicted

with narcolepsy to reduce cataplexy and/or daytime sleepiness.

The present dosage forms can be administered to humans, particularly in

the elderly (>50 years old), to improve the quality of sleep, or in conditions in

which an increase in growth hormone levels in vivo is desired.

The present dosage forms can also be used to treat fibromyalgia or

chronic fatigue syndrome, e.g., to alleviate at least one symptom of fibromyalgia

or chronic fatigue syndrome. See, U.S. Patent No. 5,990,162.

The dosage forms of the present invention can also be provided as a kit

comprising, separately packaged, a container comprising a plurality of the

immediate release tablets of the invention, which tablets can be individually

packaged, as in foil envelopes or in a blister pack. The tablets can be packaged

in many conformations with or without dessicants or other materials to prevent

ingress of water. Instruction materials or means, such as printed labeling, can

also be included for their administration, e.g., sequentially over a preselected

time period and/or at preselected intervals, to yield the desired levels of sodium

oxybate in vivo for preselected periods of time, to treat a preselected condition.

The present invention also provides a particulate composition, such as

granules, that can be tabletted by compression without the addition of

exogeneous water before, during or after the tabletting process. This can assist

in preserving the bioactivity of the sodium oxybate during the tablet preparation

process.

A daily dose of about 1-1000 mg/kg of sodium oxybate or other oxybate

salt such as a compound of formula (I) can be administered to accomplish the

therapeutic results disclosed herein. For example, a daily dosage of about 0.5-20

g of the sodium oxybate or of a compound of formula (I) can be administered,

preferably about 1-15 g, in single or divided doses. For example, useful dosages

and modes of administration are disclosed in U.S. Pat. Nos. 5,990,162 and

6,472,432. Methods to extrapolate from dosages found to be effective in



laboratory animals such as mice, to doses effective in humans are known to the

art. See U.S. Pat. No. 5,294,430, or 4,939,949.

As noted herein above, the dosage forms of the present invention may be

useful in the treatment of a variety of conditions amenable to treatment by

sodium oxybate, such as narcolepsy to reduce cataplexy and/or daytime

sleepiness, to improve the quality of sleep, or in conditions in which an increase

in growth hormone levels in vivo is desired, and to treat fibromyalgia or chronic

fatigue syndrome. The present dosage forms may be used to treat a host of other

indications including drug and alcohol abuse, anxiety, cerebrovascular diseases,

central nervous system disorders, neurological disorders including Parkinson's

Disease and Alzheimer Disease, Multiple Sclerosis, autism, depression,

inflammatory disorders, including those of the bowel, such as irritable bowel

disorder, regional illitis and ulcerative colitis, autoimmune inflammatory

disorders, certain endocrine disturbances and diabetes.

The present dosage forms may also be administered for the purpose of

tissue protection including protection following hypoxia/anoxia such as in

stroke, organ transplantation, organ preservation, myocardial infarction or

ischemia, reperfusion injury, protection following chemotherapy, radiation,

progeria, or an increased level of intracranial pressure, e.g. due to head trauma.

The present dosage forms can also be used to treat other pathologies believed to

be caused or exacerbated by lipid peroxidation and/or free radicals, such as

pathologies associated with oxidative stress, including normal aging. See Patent

Publication US 2004/0092455 Al. The present dosage forms may also be used

to treat movement disorders including restless leg syndrome, myoclonus,

dystonia and/or essential tremor. See Frucht et al, Movement Disorders, 20(10),

1330 (2005).

The invention will be further described by reference to the following

detailed examples.

Example 1. Immediate Release Sodium Oxybate Tablets

This example provides 3 formulations of compressed tablets of sodium

oxybate which have greater than 70% drug loading. The tablets were prepared

using roller compaction as the manufacturing method for the granulation. The

composition of the tablets is summarized on Table 1, below:

Table 1



Formulation A

Formulation B



Formulation C

To prepare a one kilogram batch of the tablets in Table 1, all the

ingredients were hand-screened through a 20 mesh screen. All of the

ingredients except the magnesium stearate, were transferred to a blender, and

mixed for five minutes. A intragranular portion of the magnesium stearate (6.2

g) was added to the blender and mixing continued for 3 minutes. The material

was passed through a roller compactor to make ribbons with thickness of 1.4 ±

0.5 mm, without added water. The ribbons were milled and then granulated with

a 16-mesh screen. The granulate was added to the blender and mixed for 5

minutes. The remaining magnesium stearate (4.5 g) was added to the blend, and

mixed for 3 minutes. The blend was compressed into tablets on a standard tablet

press to the following specifications: (a) Weight 888 mg; (b) Hardness: 15 kP

hardness; (c) Disintegration time: NMT 15 min.; and (d) Friability: NMT 1.0%

after 100 drops (n = 10).

To coat the tablets of Formulation C, a 10% Opadry® AMB dispersion

was prepared in ethanol/water. The ethanol and water was charged into a

stainless steel pot and mixed for 3 minutes using an overhead mixer. Opadry®

AMB Blue was slowly added into the vortex of the stirred liquid. The stirring

speed was reduced and stirring continued for > 30 minutes. The tablets were



placed in the coating pan and preheated to 450C. The tablets were coated to a

4% weight gain (35.5 mg/unit).

Example 2. Bioavailability and Bioequivalence of Sodium Oxybate Tablets

A Phase I, three-way, open-label, randomized single-dose crossover

study of Formulation A (4.5 grams of Formulation A given as 6 tablets:

Treatment A), Formulation B (4.5 grams of Formulation B given as 6 tablets:

Treatment B), and Xyrem (4.5 grams of sodium oxybate oral solution:

Treatment C). Following a 1 to 2 1-day screening period, the study duration for

each subject was approximately 7 days, Period 1 comprising Days 1 to 2, Period

2 comprising Days 3 to 4, and Period 3 Days 5 to 6. A 2-day washout period

(dosing on the morning of the first day followed by a 1 day washout) separated

the Treatments A, B and C.

Single doses (4.5 g, given as 6 x 750 mg tablets) of sodium oxybate solid

dosage Formulations A and B and Single doses (4.5 g) of sodium oxybate oral

solution (Xyrem) were administered orally in the morning following a 10-hour

fast, with subjects remaining fasted for a further 4 hours after dosing. The PK

profile for sodium oxybate was evaluated over an 8-hour period, based on blood

samples (5mL) collected pre-dose; at 10, 20, 30, 45, 60 and 75 minutes post-

dose; and at 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 7 and 8 hours post-dose following

each treatment. The PK parameters calculated for plasma sodium oxybate

concentrations included: the area under the plasma concentration time curve

from time 0 to time t of the last quantifiable concentration [AUCo-J, and area

under the plasma concentration time curve from time 0 to infinity [AUCo- ],

maximum plasma concentration of sodium oxybate (Cmax), time to maximum

plasma concentration (tmax), the apparent elimination rate constant (λz) and half-

life (t / 2) and the relative bioavailability for solid dosage Formulations A and B

versus Xyrem.

The relative bioavailability of Treatments A and B versus Treatment C

(Xyrem) based on AUC values were 98% and 100%, respectively. All

treatments were found to be bioequivalent with regard to Cmax and total exposure

AUC after oral administration of sodium oxybate.



Table 2 Summary of Mean (SD) Sodium Oxybate Pharmacokinetic
Parameters

PK Treatment A Treatment B Treatment C
Parameter Units (Test) (Test) (Reference)

Cmax (µg/mL) Mean 129 135 143
SD 37 6 37 2 29 2

Geometric
Mean 123 131 140

Geometric SD 1 39 1 32 1 23

tmax (hr) Median 1 00 1 00 0 750
Mm, Max 0 750, 2 50 0 500, 2 50 0 500, 1 50

AUC 0 , (µg*hr/mL) Mean 297 303 298
SD 104 112 96 3

Geometric
Mean 275 280 281

Geometric SD 1 53 1 53 1 45

AUC 0 mf (µg*hr/mL) Mean 298 304 300
SD 104 112 96 6

Geometric
Mean 277 282 283

Geometric SD 1 53 1 53 1 45

tl/2 (hr) Mean 0 584 0 561 0 646
SD 0 196 0 139 0 245

λz (hr 1) Mean 1 30 1 32 1 19
SD 0 414 0 398 0 345

Example 3. Dissolution Profiles of Sodium Oxvbate Tablets

Figure 1 shows the dissolution profile of one embodiment of the

invention. The dosage form described in Example 1 as Formulation C has an

immediate release profile. The immediate release tablets release sodium oxybate

in less than 1hour. This release profile was intermediate between the two

dissolution curves of immediate release compositions described in Example 1

(Formulations A and B - see Figure T) which was shown to be bioequivalent to

Xyrem® solution (see Example 2), thus demonstrating that this composition is

also bioequivalent to Xyrem® solution.



Example 4. Dissolution Profiles of Sodium Oxybate Tablets

Formulation D

A one kilogram batch of tablets of Formulation D were prepared as

described in Example 1 except using poloxamer as a surfactant rather than

sodium lauryl sulfate. Figure 3 shows the dissolution profile of Formulation D.

The tablets have an immediate release profile and deliver sodium oxybate in less

than 1 hour. This release profile was intermediate between the two dissolution

curves of immediate release compositions described in Example 1 (Formulations

A and B - see Figure 4) which were shown to be bioequivalent to Xyrem®

solution (see Example 2), thus demonstrating that this composition is also

bioequivalent to Xyrem® solution.

All publications, patents, and patent applications are incorporated herein

by reference. While in the foregoing specification this invention has been

described in relation to certain preferred embodiments thereof, and many details

have been set forth for purposes of illustration, it will be apparent to those skilled

in the art that the invention is susceptible to additional embodiments and that

certain of the details described herein may be varied considerably without

departing from the basic principles of the invention.



WHAT IS CLAIMED IS:

1. A compressed tablet of sodium oxybate for oral delivery of 0.5-1.25 g

of sodium oxybate comprising at least 50 wt% sodium oxybate; 5-10

wt% compression aid; and 1-50% binder; wherein the tablet is

bioequivalent to sodium oxybate oral solution.

2. The compressed tablet of claim 1 wherein the tablet is coated to 1-10

wt% gain with a film coating.

3. The compressed tablet of claim 1 wherein the tablet comprises 70-90

wt% sodium oxybate.

4. The compressed tablet of claim 3 wherein the tablet comprises 80-90

wt% sodium oxybate.

5. The compressed tablet of claim 1 wherein the tablet does not contain

a super-disintegrant.

6. The compressed tablet of claim 1 wherein the tablet further comprises

0.1-10 wt% of a surfactant.

7. An immediate release unit dosage form comprising an about 0.5-1.5 g

tablet comprising about 50-95 wt-% sodium oxybate; about 2.5-7.5

wt-% microcrystalline cellulose and about 0.25-2.5 wt-% surfactant,

wherein at least 90% of the sodium oxybate is released from the

tablet within one hour from exposure of the tablet to an aqueous

medium.

8. The unit dosage form of claim 7 wherein the tablet is coated with a

water resistant coating.

9. The unit dosage form of claim 7 wherein the surfactant is an ionic

surfactant.

10. The unit dosage form of claim 7 further comprising a minor but

effective amount of at least one of a second binder, a disintegrant, a

glidant and a lubricant.

11. The unit dosage form of claim 10 further comprising about 0.5-5 wt-

% polyvinylpyrrolidone.

12. The unit dosage form of claim 10 further comprising about 2.5-7.5

wt-% pregelatinized starch.



13. The unit dosage form of claim 10 further comprising about 0.1-0.75

wt-% silicon dioxide.

14. The unit dosage form of claim 10 further comprising magnesium

stearate.

15. A therapeutic method for treating a human afflicted with a condition

treatable with sodium oxybate by orally administering to said human

an effective amount of a unit dosage form of claim 7.

16. The method of claim 15 wherein the condition is narcolepsy.

17. The method of claim 15 wherein the condition is a movement

disorder.

18. The method of claim 17 wherein the movement disorder is selected

from the group consisting of restless leg syndrome and essential

tremor.

19. The method of claim 15 wherein the condition is selected from the

group consisting of fibromyalgia and chronic fatigue syndrome.

20. A method for preparing the tablet of claim 1 by granulating a water-

free composition comprising the sodium oxybate, the compression

and the binder; and compressing the granulated composition to yield

said tablet.

21. The method of claim 20 further comprising coating said tablet with a

water resistant coating.

22. The method of claim 2 1 wherein the coating comprises PVA and

lecithin.

23. A compressed tablet of an oxybate salt for oral delivery of 0.5-1.25 g

of oxybate salt comprising at least 50 wt% oxybate salt; 5-10 wt%

compression aid; and 1-50% binder; wherein the tablet is

bioequivalent to sodium oxybate oral solution.

24. The tablet of claim 23 wherein the oxybate salt is selected from the

group consisting of potassium oxybate, calcium oxybate, lithium

oxybate and magnesium oxybate.

25. The compressed tablet of claim 1 or the unit dosage form of claim 7

for use in medical therapy.



26. The use of claim 25, wherein the medical therapy is treating

narcolepsy, movement disorder, fibromyalgia or chronic fatigue

syndrome.

27. The use of the compressed tablet of claim 1 or the unit dosage form

of claim 7 for to prepare a medicament for treating narcolepsy,

movement disorder, fibromyalgia or chronic fatigue syndrome.

28. Compressed tablet of claim 1 or unit dosage of claim 3 for the

treatment of narcolepsy, movement disorder, fibromyalgia or chronic

fatigue syndrome.
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