GAMMA-HYDROXYBUTYRIC ACID GRANULES

The object of the present invention is gamma-hydroxybutyric granules, as
well as pharmaceutical positions containing them. Gamma-hydroxybutryic acid
(GHB or sodium oxybate) is a natural metabolite present at the level of the
brains of mammals; its chemical structure.is close to gamma-aminobutryic acid
(GABA), a neurotransmitter, whence its activity on the central nervous system,

This active ingredient was used as a general anesthetic and as a
hypnotic in the treatment of insomnia. Presently it is especially used in
certain sleep disorders, such as catalepsy in narcoleptic patients, under the
commercial name of Xyrem®, in an amount of two night takings of solute. Within
this scope, the patient takes an initial dose at bedtime and has to get up at about
four hours later for a second night taking.

GHB is highly soluble, hygroscopic and strongly alkaline. The
therapeutic doses are very high. Indeed, in the treatment of narcolepsy,
the doses used range from 4.5 to 9 g of active ingredient per day.

Moreover, GHB is frequently used a recreational drug with different
goals: deinhibition, relaxation, search for physical or sexual performances.

The whole of these characteristics show the benefit of having a prolonged
release form of this active ingredient. Many studies were conducted in this
direction. Thus, different oral prolonged release formulations may be reported in
the prior art without however any of them providing a complete answer to the
whole of this complex problem.

US 5,594,030 describes pharmaceutical co'mpositions' appearing as
granules or tablets containing GHB in a cellulose matrix; these pharmaceutical
preparations exhibit dissolution over a period from 7 to 8 hours.

EP 0 635 265 describes controlled release pharmaceutical compositions
based on a salt of gamma-hydroxybutryic acid consisting of a core, in the form
of granules or tablets, comprising the active ingredient dispersed in a cellulose
matrix. A controlled release form is thereby obtained by diffusion through
membranes aiming at a release of the active ingredient in the upper portion of
the digestive tract.

Application US2006/210630 describes pharmaceutical compositions
with controlled release of GHB consisting of particles comprising the active
ingredient as a core. These particles are then covered with a protective layer,
the latter being itself covered with a second layer for enteric release.

immediate or gastro-protective particles are therefore known from



. the state of the art, which may be used alone or as a combination.

Application PCT WO 2010/055260 describes a granule comprising a
solid core on which GHB is supported, optionally calcium carbonate, PVP, a
coloring agent, said granule being coated with a layer of hypromellose and then
of hypromellose phthalate.

The granule described in this application allows reduction in the daily dose
and the number of daily takings, by increasing the apparent half life and bio-
avaiiability of the active ingredient. Moreover, it is provided with means which
reduce misuses.

Finally, this is actually an essential point, the solid core of said granule
represents 11.48% by weight based on the total weight of the granule.

It is important to recall that the problem of GHB is complex and
multiple: indeed, GHB is extremely soluble and after oral administration,
absolute bio-availability is only 25%. Average times for attaining plasma
levels range from 30 minutes to 2 hours, absorption being very variable from
one individual to another.

Elimination is essentially accomplished by metabolization into carbon
dioxide with a half life ranging from 30 minutes to one hour. However the
absorption seems to be of limited and region-specific capacity and more
particularly located at a very high level in the digestive tract (Palatini et al,
European Journal of Clinical Pharmacology, 1993).

The whole of the formulations described in the prior art mentidn
prolonged release forms and more particular gastro-protective forms, i.e.
for which the release of GHB will occur upon exiting the stomach, this by
means of the use of a pH-dependent polymer (dissolution of the polymer
at a pH of 5.5 or 8).

In this case and also in the case of matrices, a shift is physiologically
obtained in the absorption time of GHB. This is however not completely
satisfactory since the dwelling time at the preferential absorption sites
remains limited and more the effect of prolonged release is significant, less
significant is the effective concentration in the blood.

This type of formulation is not suitable for treating pathologies requiring
very fast in vivo availability of GHB such as notably narcolepsy or alcoholic
withdrawal,

The solution provided by the present invention gives the possibility of
addressing this problem.

Thus, the object of the present invention is o provide a new galenic form



based on gamma-hydroxybutyric acid or on one of its salts (notably sodium
salt) with which it is possible to circumvent the aforementioned drawbacks.

The object of the present invention is to provide a novel galenic form
based on gamma-hydroxybutyric acid or on one of its salts allowing an increase
in the dwelling time of the active ingredient in the stomach.

The present invention relates to a granule comprising a solid core on
which an active ingredient is supported, said active ingredient being selected
from gamma-hydroxybutyric acid or one of its pharmaceutically acceptable
salts,

Said granule further comprising, supported on said solid core, the
following compounds:

- one or more compounds which may generate gas evolvement,
- one or several diluents,
- a binder,
- @ coating membrane
said granule being characterized in that the solid core represents from 15% to
- 50% by weight based on the total weight of the granule.
Advantageously, the granule according to the present invention consists of;
- 15-25% of solid core,
- 50-60% of active ingredient
- 5-15% of sodium bicarbonate, a gas generator
- 2-18% of Neusilin®, a diluent
- 3-10% of shellac, a binder
- 3-6% of coating membrane

The originality of the granules of the invention lies in the use of a
particular galenic form intended to increase the dwelling time in the stomach.
Indeed, it was observed that the alkalinity of GHB might react in a stomach
medium and generate gas evolvement. This effect was combined with the use
of a membrane allowing modulation of the diffusion of the active ingredient in
situ in the stomach.

The alkalinity of the active ingredients was therefore reinforced by
adding alkaline salts mixed with the active ingredient and included at the core
of the active ingredient. By immersing the thereby made-up granules in an
acid liquid, remanence of the granules is then obtained at the surface of the
liquid. The use of the alkaline agent (which may generate gas evolvement) in
combination with a coating then allows modulation of the reaction with the

same medium and finally ensures a prolonged dwelling time at the absorption



sites.

The membrane of the granules according to the present invention
allows the active ingredient to slowly diffuse and then react with the stomach
medium and finally ensure a prolonged dwelling time at the absorption sites.

The present invention therefore relates to a multiparticulate form of grains
or granules. These granules consist of a solid core itself consisting of a solid
support or not, on which is deposited a mixture of active ingredient and of
different excipients. These excipients are selected from compounds which may
generate gas evolvement (alkaline agents) and from diluents. The obtained
granute is then surrcunded by a membrane, which will allow gradual release of
the active ingredient and of the adjuvants required for maintaining the form of
the stomach bolus at the surface. Preferentially, the membrane is selected from
pH-independent coating excipients and more preferentially shellac.

The present invention consists of providing pharmaceutical
formulations comprising the use of several galenic artifacts in order to make
each of the techniques encountered during misuses impossible. These
formulations based on the aforementioned granules, appear in monolithic
form (tablets) or multiparticulate form. Said granuies of the invention
therefore include several layers of different composition each having a
particular functionality.

The expression of “granule” designates a preparation consisting of dry
solid grains each forming an aggregate of powder particles with sufficient
solidity for allowing diverse handling operations.

From a physical point of view, granules are particle aggregates of
diverse crystallized or amorphous powders.

The granules of the present invention are notably intended for oral
administration, and more particularly for being swallowed as-such.

The granules of the present invention have a characteristic structure of the
core-shell type, the core not being of the same nature as the compounds forming
the shell.

Thus, these granules have a multi-layer structure. Actually, the active
ingredient is deposited on the core and therefore forms a layer (or shell)
deposited around this core (or support).

The core of the granules may also be considered as being a support on
which the particles of the active ingredient will be attached.

The core consists of solid particles and the active ingredient supported

by said core is also in solid form.



The present invention is therefore based on the development of a
novel multiparticuiate oral form.

The granules of the invention have an active ingredient layer.

The granules of the invention may also include one or more coloring
agents. Thus, the coloring agents.are selected according to their solubilities
in solvents. For example a coloring agent is selected for its solubility in
ethanol and another one for its solubility in water, Actually, both of these
solvents are solvents customa'rily used for éxtracting or soiubilizing active
ingredients.

The obtained coloration then allows viewing of malevolent additions in a
drink, for example for chemical submission.

The granules of the invention may aiso include one or more metal
pigments. The presence of coloring agents and of metal pigments also
allows viewing of possible solubilization after milling the pharmaceutical
form and subsequently possibie ingestion. Also, in the case of chewing, an
identical phenomenon is observed.

The coloring agents and the metal pigments may equally be placed in the
different layers of the granules of the invention.

Advantageously, an intimate mixture of the coloring agent(s) is carried out
. with the active ingredient and the metal pigment is used in the surface layer of
the composition, i.e. the one which is visible at the surface.

The granules of the invention also comprise in their structure one or more
compounds which may generate gas evolvement when the medicinal form is
hydrated.

Among the coloring agents of the granules of the invention, mention
may notably be made of coloring agents soluble in aqueous solvents and
coloring agents soluble in alcoholic solvents.

Among the coloring agents soluble in ethanol, mention may notably be
made of the following coloring agents: neutral red, briliant blue FDC...

Among the coloring agents soluble in water, conveniional food coloring
agents are used. The coloring agents applied within the scope of the present
invention are notably those listed in the 95/45/CE directive as of July 26 1995
relating to the coloring agents which may be used in foodstuffs {modified by the
2006/33/CE directive of March 20" 2006). Thus, mention may notably be made
of the coloring agents E100 to E180.

The coloring agent E131 { patent blue) both soluble in water and in

ethanol may also be mentioned.



According to a more preferred embodiment, the metal pigments of the
granules of the invention are pigments based on titanium dioxide present at the
surface of said granule.

Preferably, the solid core of the granules according to the invention is
an insoluble support. As an insoluble support, use is preferably made of
polyols, gums, derivatives of silica, calcium or potassium derivatives, mineral
compounds such as dicalcium phosphates, tricalcium phosphates and
calcium  carbonates, saccharose, cellulose derivatives,  notably
microcrystalline cellulose, ethylceliulose and hydroxypropylmethyiceliulose,
starch or mixtures thereof..

The granules of the invention comprise a solid core preferably selected
from insoluble supports in aqueous or alcoholic solvents. The selection of these
insolubie supports forming the solid core of the granules of the invention gives
the possibility of avoiding total solubilization of the granule in the case of
milling.

The solid core of the granules may also consist of a mixture of
compounds, notably a mixture of insoluble supports. Thus mention may notably
be made of the mixture formed with saccharose and starch or mineral
compounds derived from silica or from calcium.

The solid core may also consist of soluble supports among which
mention may be made of certain solid grades of PEG (PEG 4000 or PEG
6000).

The expression “derivatives of silica” designates silica as well as
precipitated silicas obtained from alkaline silicates, notably Aerosil®, or
- further talcum, bentonite or kaolin.

The expression "calcium derivatives” designates crystalline excipients
derived from calcium hydroxide, products insoluble in water used in medicine as
diluents, or fillers and also abrasives.

The expression "potassium derivatives” designates notably potassium
bicarbonate and potassium chloride.

Among the insoluble supports forming the core of the granules of the
invention, mention may also be made of derivatives of magnesium (notably
carbonates or oxides).

Preferably, spheres of sugar are used as a solid support forming the core
of the granules of the invention. These spheres consist of a mixture of
saccharose and of starch.

According to a preferred embodiment, the aforementioned granules also



comprise a binder. The role of the binder is to bind the particles together, i.e. to
enhance cohesion of the granule. Thus, the binders give the possibility of
ensuring good cohesion of the active ingredient and of the core in the granules.

Thus, the binders like the active ingredients are deposited around the
core of the granules.

As binders, mention may be made of most hydrophilic excipients which
provide viscous solutions: arabic gums and tragacanth gums, methylcellulose
and carboxymethylcellulose, gelatin, starches, maltodextrins, PEG 4000 and
8000 in an alcoholic solution, polyvidone in an agueous or alcoholic solution
and also solutions of saccharose and of glucose or sorbitol.

The binders of the granules of the invention are preferably selected
from the group consisting of starch, saccharose, arabic gum,
polyvinylpyrrolidone (PVP or polyvidone), hydroxypropyimethylceliulose
(HPMC), shellac, hydroxypropylceliulose (HPC), celluiose, polyols or alginates,
polyglycolyzed glycerides (Gelucire®) or macrogolglycerides, notably stearoyl
macrogolglycerides, also acrylic derivatives as well as mixtures thereof,

Among the polyols, mention may also notably be made of mannitol,
sorbitol, maltitol or xylitol.

According to a particular embodiment, the binders are preferably
selected from the group consisting of polyvinylpyrrolidone, shellac, polyols or
alginates, polyglycolyzed glycerides (Gelucire) or macrogolglycerides,
notably stearoyl macrogolglycerides, as well as mixtures thereof.

It is also possible to use a binder selected from the groups mentioned
above for particular properties, for example it may be useful to use as a
binder pH-dependent excipients such "as EUDRAGIT® L100 or shellac. It may
also be possible 1o select preferentially the use of polyglycolized glycerides
(Gelucire®) for their hydrophobicity.

According to a preferred embodiment, the granules of the invention further
comprise one or more bitterness agents.

Preferably, said bitterness agent is selected from the group consisting of
denationium benzoate, extracts of gentians, quinine, caffein, brucine, gassin,
propyl thiouracil (PROP), phenylthiocarbamide (PTC), astringent compounds
such as tannins, grapefruit aromas and bitter cocoa aromas.

The presence of said bittering agent (or bitterness promoter) (ex: Bitrex® -
denatonium benzoate) in an intimate mixture with the active ingredient makes
absorption by accidental . chewing difficult or even impossible, even after

extraction and/or solubilization. Actually, said bittering agent is then found



solublilized at the same time as the active ingredient, differential separation being
very difficult.

The use of such a bitter compound gives the possibility of preventing
voluntary administrations or concealed administrations in the form of
"cocktails" in water/aicohol mixtures (ice cubes/vodka, efc.).

According to a more preferred embodiment, the solid core of the
granuies of the invention represent from 15% to 30%, preferably from 20%
to 25% by weight based on the total weight of the granule.

Among preferred diluents according to the invention, mention may be
made of silica derivatives and notably derivatives of magnesium
aluminometasilicate.

Among the derivatives of magnésium aluminometasilicate, mention may
notably be made of the product Neusilin® which has an advantage relatively
o the very high hygroscopic nature of GHB.

Preferably, the compound which may generate gas evolvement is selected
from the group consisting of carbonates and bicarbonates and is notably
selected from the group consisting of sodium bicarbonate, sodium carbonate,
sodium glycine carbonate, potassium bicarbonate, magnesium carbonate and
calcium carbonate.

According to a preferred embodiment, the granules according to the
invention comprises sodium bicarbonate as a compound which may generate
gas evolvement.

Preferably, the active ingredient of the granules of the invention is the
sodium salt of gamma-hydroxybutyric acid.

According to an embodiment, the granules according to the present
invention may comprise a membrane consisting of coating excipients for
immediate release. Such granules are designated subsequently as immediate
release granules.

According to another embodiment, the granules according to the present
invention may comprise a membrane consisting of coating excipients for
progressive release or sustained over time. Such granules are subsequently
designated as progressive sustained release granules.

The present invention also relates to a pharmaceutical composition
comprising a mixture of granules as defined above, in which said mixture
consists of two groups of granules (A) and (B), the granules (A) and the
granules (B) having different release kinetics of the active ingredients.

This specific galenic form consists in the combination of two types of



granules having different kinetics. Such a composition gives the possibility of
obtaining in vivo results consistent with what is observed in vitro. Moreover,
by using a multi-particulate form, it is possible to reduce the strong
interindividual variability observed for this active ingredient, comparatively
with monolithic forms.

The present invention also relates to a pharmaceutical composition
comprising immediate release granules and progressive/sustained release
granules. -

According to a preferred embodiment, the present invention relates to
a pharmaceutical composition comprising immediate release granules in an
amount from 5% to 50% by weight, and progressive/sustained release
granules in an amount from 50% to 95% by weight. Preferentially, said
pharmaceutical composition comprises 25% by weight of immediate
release granules and 75% by weight of progressive/sustained release
granuies.

The present invention also relates to a granule as defined above or to a
pharmaceutical composition as defined above, for its use for treating catalepsy in
narcoleptic patients, or for its use in alcoholic withdrawal.

The present invention also relates to a granule as defined above, or fo a
pharmaceutical composition as defined above, for its use for preventing and/or
freating fibromyalgia, for preventing alcoholic recidivisms and maintaining
abstinence, or further for treating anxiety in alcoholics.

The present invention aiso relates to a method for preparing a granule
as defined above, in that it comprises a step for applying the active ingredient
by dusting on the solid core.

According to a preferred embodiment of the method of the invention,
the active ingredient is mixed with compounds which may generate gas
evolvement, diluents, optional coloring agents, and optional metal pigments
before the step for épplication on the solid core by dusting.

The method of the invention may also comprise, after the dusting
step, a step for coating the granule, notably by depositing by lamination
the coating agent in the form of a film on the granule, if necessary
followed by a step for mixing with a lubricant and/or a flavoring agent
and/or a sweetener and/or a coloring agent or metal pigment.

The structure of the granules of the invention is related to the
application of this particular method with which granules with a core-shell

structure may be obtained.
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By carrying out comparative tests for preparing granules by a direct
granulation method with different excipients customarily used in
granulation, it was noticed that the obtained results conceming the actual
granule are satisfactory as regards the aspect, the brittleness and the
dissolution. However, the granules obtained by such a method have a very
high specific surface area requiring large amounts of coating polymers
according to the conventionally used techniques.

Thus, the granules of the present invention are characterized in that
they have a lowered specific surface area, moreover, from an aspect point
of view, they are relatively smooth and have a rather regular shape.

The aforementioned dusting step of the method for preparing the
granules of the invention may also comprise a step for spraying an
alcoholic or hydro-alcoholic or aqueous solution of a binder.

This spraying step and dusting step are preferably carried out
simultaneously or alternately.

Preferably, the aforementioned dusting step is carried out
concomitantly with a step for spraying a binder in the form of a solution.

The combination of these steps gives the possibility of ensuring good
cohesion of the active ingredient on the core of the granules.

An advantageous application of the method of the invention thus
consists of applying the active ingredient as a powder on the aforementioned
particulate support (or core of the granules) by alternating sequences for
spraying the binder in the form of a solution.

The method of the invention may also comprise, after the previous step,
one or more steps for coating the granule, notably by depositing by lamination
the coating agent(s) as films on the granule.

The small specific surface area of the granules of the invention thus
allows in the case of coating, a reduction in the amount used of coating agent
and therefore less dilution of the active ingredient in said coated granules.

A preferred embodiment of the method of the invention consists in a
method comprising, after the coating step, a step for mixing with a
lubricant and/or an aroma and/or a sweetener, the latter may themselves
be prepared as granules in order to be finally mixed with the active
granules.

All the lubricants, flavoring agents and sweeteners may also be added

before the aforementioned dusting step.
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EXAMPLES

| - Procedures for preparing the granules according to the invention

The active ingredient is mixed for fifteen minutes with the compound
capable of generating gas evolvement and the diluent in a mixer by
inversion. The obtained mixture is then milled on a mill of the Forplex F1
type so as to obtain an adequate grain size. The active mixture is then
deposited on neutral supports (solid core). The granules are placed in a
conventionai turbine, the mixture is deposited by dusting, by alternating
dusting phases and phases for spraying a binding solution.

At the end of this dusting step, a phase for drying is carried out in order to
remove the solvents used during the previous step.

It is then proceeded with the coating step. For this, the granules from
the previous step are placed in a fluidized air bed of the GPCG30 type and
the coating solution (for the membrane) is then sprayed on the mass of
granules being fluidized.-

After a last drying step, it is proceeded with the lubrication phase, the
ultimate step of the method, which consists in packaging them as sticks, bags,

ampoules or flasks.

il — Examples of formulations according to the invention

Example 1 (immediate release}

Materials

GHB (hydrate salt) 57.60
Sodium bicarbonate 8.64
Neusilin® UFL2 (diluent) 5.18
Whitened dewaxed shellac (binder) 4.60
Sugar spheres (solid core) 20.57
Sepifilm LP014 (protective membrane against humidity) 2.90
Talcum 0.50
Theoretical mass 100.0
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Example 2 (modified release)

. FormulaNo2

Materiéis

GHB (hydrate salt) 56.49
Sedium bicarbonate 8.47
Neusilin® UFL2 (diluent) 500
Whitened dewaxed shellac (binder) 712
Sugar spheres (solid core) 20.08
Sepifilm LP014 (protective membrane against humidity) 0.76
Pharmacoat 603 (diffusion membrane) 1.15
Taleum (.85
Theoretical mass 100.0

Example 3 (50/50 mixture)

, FormulaNo3

Materials

GHB (hydrate salt) 57.04
Sodium bicarbonate 8.56
Neusilin® UFL2 (diluent) 5.13
Whitenied dewaxed shellac (binder) 5.87
Sugar spheres (solid core) 20.32
Sepifiim LP014 (protective membrane against humidity) 1.82
Pharmacoat 603 (diffusion membrane) 0.58
Talcum 0.68
Theoretical mass 100.0

Example 4 (immediate release)

Materials

Theoretical mass

%

GHB (hydrate salt) 56.47
Sodium bicarbonate 8.47
Neusilin® UFL2 (diluent) 5.08
Whitened dewaxed shellac (binder) 6.56
Sugar spheres (solid core)) 19.88
Protective coating 3.04
Talcum 0.50

100.0
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Example 5 (modified release)

Materials : :

GHB (hydrate salt) , 54,75
Sodium bicarbonate . . 822

Neusilin® UFL2 (diluent) 4.91

Whitened dewaxed shellac {binder) 0.79

Sugar spheres (solid core) | 19.27
Protective coating '  1.89

Talcum ' 1.8
Theoretical mass ' " 100.0

Example 6 (25-75 mixture of granuies)

Materials _ .

GHB (hydrate salt) 55.17
Sodium bicarbonate | .. 828
Neusilin® UFL2 (diluent) 4.95
Whitened dewaxed shellac (binder) | . 9.00
Sugar spheres (solid core) ' 1942
Protective coating ‘ - 2.16
Talcum ‘ - 1.02
Theoretical mass : 1000

It - Stability and dissolution studies

~ Analytical method

. The presented formulations were tested analytically and their dissolution
was studied in order to anticipate in vitro the in vive behavior of the different
formulations. The retained method is the following:

- The tests are subject to constant stirring of 100 rpm in 900 mL of 0.1N
hydrochloric acid at 37°C in a dissolution apparatus equipped with biades
(USP apparatus 2). Samples are taken by means of a sample collector, at 5, 10,
15 and 30 mins, and then analyzed in HPLC. ' '

* The resuits of the dissolution tests carried out on the different formulations are



shown helow.,
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The behavior gver fime of the formulations was also studied: sticks as

well as ampoules were made from the presented formulations and after

distribution in weathering enclosures, a stability study was conducted
according to the ICH standards in effect.

The results of these studies are shown below.

For the two shown packagings,

the absence of a significant

modification of the evaluated parameters may be ascertained. The

formulations demonstrate a perfectly acceptable stability with regard to the

ICH standards.

HIL.1. Results with formula No.1 according to Example 1

Results in ampoules of 1.75 g at 25°C/60% RH

Test points

TO

T6 months

T12 months

T18 months

ics of th

nules

Whitish

Whitish

Whitish

Whitish
Shape Spherical Spherical Spherical Spherical
Homogeneous | Homogeneous | Homogeneous | Homogeneous

Content (g/ampoule)

100.2

99.2

100.5

% [ theory

Dosage i

Total sum (%)

< LD (detection

limit)

<La

<LD

Timé {min)

Dissolved %
5 e 88.7 90.1 87.3
10 e 925 97.9 94.9
15 93.5 94.6 98.6 98.2
30 97.8 97.1 99.9 99.6

The results of the stability study are satisfactory considering the ICH standards.
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Results in ampoules of 1.75 g at 40°C/75% RH

Test point TO T2 months T3 months T6 months
T . cteristics ofthegra =
Whitish Whitish Whitish Whitish
Shape Spherical Spherical Spherical Spherical
Aspect Homogeneous | Homogeneous | Homogeneous | Homogeneous
— Dns . e -
Content(g/ampoule) 1.753 1.765 1.753 1.723
% / theory 100.2 100.9 100.2 98.5

Total sum (%

<LD

<O

<LQ

<LD

__ Dissolution

Time {min)

Dissolved %

5 77.0
10 - 88.3
15 935 95.9 90.6 91.8
30 97.8 90.4 93.3 96.8

The results of the stability study are satisfactory considering the ICH standards.

I.2. Results with formula No. 3 according to Example 3

Results in ampoules of 1.50 g at 25°C/60% RH

Test points

T5 months

T9 months

T12 months

ristics:

the gra -

Whitish

Whitish

Whitish
Shape Spherical Spherical Spherical Spherical
Homogeneous | Homogeneous |Homogeneous | Homogeneous

Content (g/ampoule)

% / theory

Total sum (%)

Ethanol (ppm)

Dissolution test
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Time (min) Dissolved %
5 50.8 50.4 50.2 49.4
15 55.4 56.2 56.0 54.4
60 725 72.8 73.4 72.0
120 85.3 87.4 88.4 87.0
180 92.1 94.6 96.1 94.5

The results of the stability study are satisfactory considering the ICH standards.

Results in ampoules of 1.50 g at 40°C/75% RH

Test points

TO

T1 month

T 3 months

T7 months

haracteristi

Color

Whitish

Whitish Whitish Whitish
Shape Spherical Spherical Spherical Spherical
Homogeneous | Homogeneous | Homogeneous | Homogeneous

Content(g/ampouie)

100.0

% / theory

100.3

Total sum (%)

<LQ

<LD

Ethanot (ppm)

<LQ

<LQ

Tfmé (r;ﬂn)

Dissolved %

5 50.8 40.2 49.0 49.3
15 55.4 55.5 56.5 55.2
60 725 73.0 72.3 71.0
120 85.3 86.1 86.8 86.8
180 92.1 94.5 93.8 95.7

The results of the stability tests are satisfactory considering the ICH standards.

IV — Results of dissolution in vitro
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SMO.IR A00O1 SMO.IR AQ02
(Example 1) (Example 4)
0 0.0 0.0
0.0833 88.7 79.6
0.1667 92.5 86.0
0.25 94.6 89.2
0.5 97.1 95.1
- Sustained release
Dissolved %
Time (h) SMO.SR A001 SMO.SR A002
{(Example 2) {Example 5)
0 0.0 0.0
0.25 9.6 10.5
0.5 206 22.4
1 41.5 45.8
2 72.0 75.6
3 87.0 90.7
4 94.8
- 50/50 mixture
Dissolved %
Time (h) SMO.MR A001
{(Example 3)
0 0.0
0.0833 50.8
0.25 55.4
0.5 59.0
1 725
85.3
3 92.1

An in vitro / in vivo relationship study was conducied on the test
formulations and references. The test formulations were developed “within the
scope of the present invention and appear as microgranules as described earlier.

Two references of oral formulations exist on the market: ALCOVER®
and XYREM®. They are in liquid form in a flask. The bioequivalences of the
microgranules, versus solutions were studied in clinical studies with the
following doses: 1,750 and 2,250 mg.

The first goal of the study is to describe the intestinal absorption
after its oral

kinetics of gamma-hydroxybutryic acid in humans,

administration as a solution or as microgranules, in order to determine
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whether its dissolution profile and rate in vitro from microgranules have an
influence on the profile of the plasma concentrations of gamma-
hydroxybutric acid as weil as on its pharmacokinetic parameters.

The second goal is to analyze the in vivo absorption kinetics of the
microgranules and to compare them with those of the oral form solutions on
the market.

Exposure to gamma-hydroxybutyric acid (AUCInf) is not dose-dependent
for the tested doses (1,750-2,250mg), absorption and exposure have good
proportionality relatively to the doses, which aliows determination and
comparison of the absorption kinetics at both dosages.

The oral absorption kinetics expressed as a % of cumulated absorbed
doses and as absorption rates versus time were calculated by a compartmental
pharmacokinetic deconvolution method (Wagner JG, Nelson E.) for solutions of
ALCOVER® and XYREM® and for the microgranules, administered to
healthy volunteers at unit doses of 1,750 mg and 2,250 mg (in two separate
studies). -

In the cases of solutions and microgranules, the cumulative systemic
absorption kinetics of gamma-hydroxybutryic acid are then analyzed in order o
mathematically characterize their profiles by calculating the constants of the
equations which describe the systemic absorption of gamma-hydroxybutyric
acid (cumulative curves and rates versus time). The absorption models as well
as the equations are reported.

For the solutions tested at 1,750 and 2,250 mg, the absorption kinetics are
very fast; the total duration of the absorption mechanism is less than 1 hour.

The time required for 50% absorption of the dose (T50%) is very short
from 0.21 to 0.28 hour, the absorption maximum rates (314 to 362 %/h) are
observed earlier, at 0.33 hour. All the absorption mechanisms follow first order
kinetics; the absorption constants are very high: from 4.5 to 9.3 H-1, confirming
very fast oral absorption of the gamma-hydroxybutryic acid solutions.

For the microgranules, the cumulative absorption kinetics, the absorption
rates versus time as well as the parameters may be superposed to those
obtained after administration of both solutions, regardless of the dosage; the
constants of the equations describing the absorption kinetics are similar.

The processes for in vivo dissolution of the microgranules are so fast that
they do not have any influence on the profiles and kinetic parameters for
absorption of gamma-hydroxybutric acid.

The Kinetics for in vitro dissolution of gamma-hydroxybutric acid from
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microgranules are very fast, more than 85% of the dose is dissolved in less
than 5 minutes under all tested physiological pH conditions (pH from 1.2 to
6.8) regardless of the in vitro conditions.

The very high dissolution rate of gamma-hydroxybutric acid from
microgranules explains the absence of any difference in absorption rates in
.w'vo betwéen solutions and microgranules.

The dissolution of the microgranules does not affect the absorption
kinetics of gamma-hydroxybutric acid, which may be superposed to that of
solutions available on the mafket.

The absorption parameters were studied according to the compartmental
pharmacokinetic deconvolution method of Wagner JG., Nelson E. [J. Pharm.
Sci.1968; 53(11):1382-1403]. This pharmacokinetic method based on the
calculation of areas under curves of average plasma concentrations versus
time and of the terminal elimination slope of the average curves gives the
possibility of calculating at each instant of the plasma kinetics, the dose
percentage having entered the systemic circulation relatively to the total
amount having entered at the end of the absorption; this method therefore
results in O to 100% characterization of the profile of the systemic entrance of
the tested formulations. The condition for applying the method was checked:
the average terminal elimination slope calculated by semi-logarithmic
regression on the linear portion of the plasma curves from 1.5 to 4 hours for the
microgranules is similar to that of solutions and corresponds to the very short

plasma half-iife (T1/2) of gamma-hydroxybutric acid: see table below.

ALCOVER1750  XYREM1750 MICROG1750 ALCOVER2250  MICROG2250
Slope (H-1)  1.06 1.11 085 1.03 1.02
T1/2 (H) 0.65 062 0.81 0.68 0.68

The following curves and tables show the absorption percentages as well as the absorption
ratios of the test forms and references.
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Dosage 1.750 mg: Alcover reference

HUMAN IN VIVO - PK STUDY

SMOXI L]

ABSORPTION RESULTS : DOBSE%

PK STUDYSMO212/08/07  AVERAGE ORAL ABSORPTION DOSEY,
HICRO-GR.IR AS0Y Balth 4SMOW0T and ALCOVER 1758:mg

e ol RGGTR SMO ABSORPTION DUSEY%
(HOURS) ALCGVER 2814 4SMOmT 2 R e e
0 Y £} -
0.17 19,18 2362 1e0
0,33 76,25 85,37 50
0.50 91.13 106,00 68
0,75 95,97, 10,00
100 57 6% 10000 40
1,25 100460 ool o6 bt
1,50 100,60 10000 L :
L75 too.o0 100.00 ™ 025 05 615 1 425 18 irs 2
260 FO6, TR0 a8 ’ R : v o
2,50 : HDURS
ol ALCOVER 5814 ==Om=4SHGI001
HUMAN IN VIVD:~ PRSTUDY PR STUDY SHMO212/00i01 AVERAGE ORAL ABSORPTION RATE Doseflt %
SR T2 MICROGR.IR ABH Batth 4SMOI01 and ALCOVER 1780:my
S(BJ%%?HFEON RESULTS: ABSORPTION RATE DosalH %
TIME SOLUTION MICROGIR
{HOURS) ALCOVER 3814 A5MOI0
] 0 {
0,17 11567 141,57
8,33 - 3RESE
0,50 &89 26 5978
.75 1936 .00
100 6.81 0,08 !
125 .30 G:06 — .
1,78 G:00 0,60 ¢ 825 05 675 1 125 1E 17 2
143 4,00 000 HOURE
2,50 '

el ALEOVER 5814 sl 4SMOI0%

The absorption kinetics of gamma-hydroxybutric acid (dose % and rate) have

the same profiles and may be superposed.

The IR microgranules do not induce any delay or any modification of the

absorption process of gamma-hydroxybutric acid relatively to the Alcover

reference solution. Dissolution in vivo in the stomach is very fast and total.



Dosage 1,750 mg: Xyrem reference:
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HUMAN IN VIVO — Pl BTUDY

SMGTE NG,
ABBORPTION RESULTS - DOSE%
TIME ’ BOLUTIGH MICROG IR
(HOURSS WYRERL 523454 AN
0 G
2451 2347
84.87 £8,37
99 .67 10600
99,57 160,00
Hy G857 OO0
1 125 G5LA7 G000
| L0 99,67 100,00
S ric) 166,00 00 00
2600 1H0.00 L0600
I 2.50

PR STUDY SMO212:08/ AVERAGE ORAL ABSORPTION DOSEY,
MCRO-GR. IR A001 Batch 43MOIE] and XYREM 1786 my
SMO ABEORPTION DOSEY%

120 -
100 4 s —

o 628 85 678 428 5 475 @
HOURS

ol XYREMS23554 e 4SO

HUMAN IN VIVO ~ PK STUDY
SRCT 270808

ARSORPTION RESULTS:

DOSERH %

TIWE: SOLTTION MECROGIR .

(HOURS) EREM 533554 458000
15 &
14764 141.79
361,67 IBES
J8.E0 59,34
G006 800
6,00 (oo
8,00 .66
8,08 008
.32 4,060
Q.00 D00

PR.STUDY SII0212/00/01  AVERAGE ORAL ABSORPTION RATE Dosafi %

MICRO-GR. IR A001 Baith 4SMOI001 and XYREM 1750 gy
ABSORPTION RATE: DosefH %

8 025 §5 935 & 125 45 475
HOURS

o XYREM 523554 swslime 4SMOIIG01

The absorption kinetics of gamma-hydroxybutric acid (Dose % and rate) have

the same profiles and may be superposed.

The IR microgranules do not induce any delay or any modification of the

absorption process of gamma-hydroxybutric acid relatively to the Xyrem

reference solution. Dissolution in vivo in the stomach is very fast and total.
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Dosage 1.750 mg: Microgranule formulation versus Alcover and Xyrem:

PROSTUDY SRIO212:09401
AVERAGE ORAL ABSCRPTION
RATIC

- MICRO-GB. TR A0S Lot 4SMOTINL
VERSUS ALCOVER 1730me

PK STUDY SMO212/09/01 AVERAGE ORAL ABSORPTION RATIO
NICRO-GRLIR AO0Y Batch 4SMOIOT VERSUS ALCOVER 17507y
SMO ABSORPTION DOSEY,

" MICROG-IR
HOURS ABSORPTION
RATIO
Q.
.17 1,23
0,33 116
G50 LI
8,75 1,04
1.00 1,02 — : :
L25 1,00 o 825 85 075 1 125 1,5 475 2
150 10 HOURS:
1.75 100 _
2,00 1.08. = ABSORPTION RATIO
The ratio R of the absorption profiles of the IR 1750 mg microgranules and of the
Alcover® solution is included between the values 0.8 and 1.2.
PK STUDY Shif o PK STUDY SHO212/00101 AVERAGE ORAL ABSORPTION RATIO

AVERAGE CRAL ABRSDRPTION
RATIO

MICRO-GR. IR.AG51 B

LEIeN]

VERSLIS NYRER oy
MICROGIR,

HOURS ABSORPTION
RATIO

{j

0,17 096

0,33 1.4

B.50 1.00

0.73 100

1,00 1,00

1,25 100

1.5 1,00

1,73 1,06

.06 1.00

8 6,25 55 0,75: 4 1,25 1.5 1,75 2

MICRO-GR IR K001 Satch 4SMOI00TVERSUS XYREM 1756
SMO ABSORPTION DOSEY

HOURS:

s ABBORPTION RATIO e 50 me

The ratio of the absorption profiles of the IR 1750 mg microgranules and of the
XYREM ® solution is included between the values 0.8 and 1.2.
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Dosage 2,250 mg: Alcover reference

. PK STUDY SMO52/10/01 _ AVERAGE DRAL ABSORPTION DOBEY,
HUMAN IN VIVO - BKSTUDY WICRO-GR. IR B00t Baich 4SMOINN2 and ALCOVER 2250mg
SMougAeAl SMO ABSORPTION DOSE%

ABSORPTION RESULTS : DOSE% 170
THhAE SOLUTION JMECROGR

(PLOLRE. ALEOVER $814 ASRIEEY 106 -
0 o 0

a.17 13409 1703 BO 4
0.33 65,36 59,99 50
0,50 8390 83,52

0,67 90,35 91,79 40

RS 93,55 95 41 20 4
100 95 18 646 oF _

1.23 5799 F7.44 o @28 o5 o075 1 12 15 178 2
150 GLa3 94,27 HOURS

-2 00 10060 16000 |

2,50 100,00 106,00 | e K1 COVER S8 i 4801602

TR T PK STUDY SMOD3Z/M0/07  AVERAGE ORAL ABSORPTION RATE Dose/M %

2%%’,‘;‘?“5{;0\21{0 PKSTUDY MZRO-GR. 17 B001 Bateh $SWOINEE and ALCOVER 2250 my ’

ABSORPTION RESULTS : DOSEM % ABSORPTION RATE DoselH %

TGk SEELITION MHROGR 350

{HOURE) ALCONTR 514 ASRIOIEM

0 0 0 300

17 587 141,67 250

342,57 38866 260
e il
89.726 #5978 156
19.36 ERSIE _
5.81 0,00 190 -
930G 0,60 54
| 0,00 0.60 opd ‘ : —r e — *
0,00 EREY 7 0;28 05, 478 4 1,25 1.8 1,75 %
0,00 0.0 HOURS
e ALCOVER 5814 s 4SHECHO02

The absorption kinetics of gamma-hydroxybutric acid (dose % and rate) have
the same profiles and may be superposed.

The IR microgranules do not induce any delay or any modification of the
absorption process of gamma-hydroxybutric acid relatively to the Alcover

reference solution. Dissolution in vivo in the stomach is very fast and total.
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Dosage 2.250 ma: Microgranule formulation versus Alcover

PK STUDY SMO032/10401 ' PK STUDY SMOO22M10/01 AVERAGE ORAL ABSORPTION RATIO
AVERAGE ORAL ABSORPTION MICROXGR. IR ‘BOU1 Batch 4SMDI002 VERSUS ALCOVER 2256 mg
TG
WICROGE, B BO0T Barch #8MOI002
VERSUS ALCOVER 2380m
RCROGIR
HOURS ABSORPTION
RATIO
f} .
0.17 1,30
0.33 .91
0:50 1.00
0.67 102
0,83 1,02
Loo 1.01 8,00 025 50 075 460 25 150 175
.23 0,59 HOURS
150 1.00
2.00 1,00 : el ABSORPTION RATIO

2,00

The ratio R of the absorption profiles of the IR 2,250 mg microgranules
and of the Alcover® soiution: is included between the values 0.8 and 1.2.

The ratios R of the average cumulative absorption profiles of
gamma-hydroxybutric acid of the microgranuies and solutions were established
at each time between the :microgranui_es and the solutions administered with
the same dose: R(t} = dose % (t) after microgranule divided by dose % (t) after
sofution.

The values of these ratios are actually comprised in the 0.8-1.2
interval for the totality of the absorption process (1.0 to 1.23 and 0.96 to 1.0)
for the 1,750 mg doses: they are comprised between 1.3 and 0.91 for both
dosages of 1,750 and 2,250 mg indicating slightly faster absorption of the
microgranules at the very first instants of the kinetics.

Oral absorption of gamma-hydroxybutric acid does not depend on the
process for dissolution of the microgranules of batch 4SMOI001and of batch
45MOI002.

The results obtained in vivo are perfectly correlated with the results
observed in vifro which very clearly indicate extremely fast dissolution (less than
5 minutes) which cannot influence the intestinal absorption of

gamma-hydroxybutric acid. The method is therefore perfectly predictive.
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V -~ Study of instantaneocus and cumulated dissolution of

the formulations according to the invention.

In order to study the in vivo behavior of these formulations, their
instantaneous dissolution was evaluated. Thus, the percentage of released
active ingredient was assayed ai time T, which allows simulation of the in
vivo behavior of the compaosition in the determined fluid.

The cumulated dissolution kinetics will be compared with the change in
the plasma level of the active ingredient over time.

The impact of the coating membrane was therefore studied by
comparing the differential dissolutions between an immediate form and a
coated form.

The sought effect is exclusively here to slow down the diffusion of the
active ingredient in the stomach in order to maintain preferential absorption
in the upper areas of the digestive tract.

Thus, it is also interesting to have formulations with a dissolution at a

release rate of 80% within two hours.

The results of the study of the instantaneous and cumulated dissolution
of the immediate release formulations are illustrated in Fig. 1. The curve with
the black lozenges corresponds to the dissolved percentage of active
ingredients (%) versus time (in hours) and the curve with the white lozenges

corresponds to the dissolution rate for the formulation of Example 4.

The results of the study of the instantaneous and cumulated dissolution
of the delayed release formulations are illustrated in Fig. 2. The curve with
the black triangles corresponds to the dissolved percentage of active
ingredient (%) versus time (in hours) and the curve with the white triangles

corresponds to the dissolution rate for the formulation of Example 5.

The results of the study of the instantaneous and cumulated dissolution
of the mixtures of immediate release and delayed release forms are
iflustrated in Fig. 3. The curve with the black squares corresponds to the
dissolved percentage of active ingredients (%) versus time (in hours) and the
curve with the black squares corresponds to the dissolution rate for the

formulation of Example 3.



VI - Clinical studies

Two studies were conducted in humans:
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1. 1 study: formulations SMO.IR and SMO.SR against 2 references

(Réf.1=Alcover®; Ref.2=Xyrem®), administration of 1.75 g on 12 healthy male

volunteers with an empty stomach.

2. 2" study: formulaton SMO.MR, administered at 3.0 g against 1

reference Ref. = Xyrem®) administered at 2.25 g on 8 healthy male volunteers

with an empty stomach. The parameters extracted from these two studies are

reporied hereafter.

Results of the first study

Formuia C max (ug/mi) tmax (h) AUC (ug/imi.h) t 4 (h)
, (average + SD) (average) {average  SD) {(average + SD)
Ref. 1 5019 £ 15.27 0.50 611 31 0.55+0.14
(Alcover®)
Ref. 2 5537 £ 1645 0.50 64 + 31 0.57 £0.21
(Xyrem®)
SMOIR 54.47 +15.75 0.50 70+ 46 0.56+0.26
{Exampie 1)
SMO.SR 313512067 1.25 52+ 39 056+0.26
{Example 2)
Results of the second study
Formuta C max (ug/mi) t max (h) AUC (pg/imih) taz(h)
: {average + SD) {average) {average + SD) {(average + SD)
Ref. (Xyrem®) 61.95 £ 14.21 0.50 8330 053+ 0.1
SMO.MR 68.52 +12.13 0.50 121+ 54 062+0.22
(Example 3)

The dissolution curves of both of these studies are respectively

ilustrated in Figs. 4 and 5. These figures represent the amounts of

dissolved active ingredient (in ug/h) versus time (h).

In Fig. 4, the curve with the black squares corresponds to Ref. 1, the

curve with the black lozenges corresponds to Ref. 2, the curve with the

white squares corresponds to the formulation of Example 1 and the curve

with the black triangles corresponds to the formulation of Example 2.

in Fig. 5, the curve with the black lozenges corresponds to the Ref.
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(Xyrem) and the curve with the black squares corresponds to the formulation of
Example 3.

The tested solid immediate formulation has pharmacokinetic
parameters equivalent to those of two tested liquid oral forms; a
bioequivalence is obtained between the tested formulation and Reference 1.

It is also noted for the immediate formulations that the ascending
portions (absorption) and descending portions (elimination) are equivalent

which suggests a linear phenomenon.
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CLAIMS

1.. A granule comprising a solid core on which is supported an active
ingredient, said active ingredient being selected from gamma-hydroxybutric acid
or one of its pharmaceutically acéeptable salts,
said granule further comprising, supported on said solid core, the following
compounds:

- one or more compounds which may generate gas evolvement,

- one of more diluents,

- a binder

- a coating membrane

said granule being characterized in that the solid core represents from 15% to
50% by weight based on the total weight of the granule.

2. The granule according to claim 1, wherein the solid core is selected
from the group consisting of polyols, gums, derivatives of silica, calcium or
potassium derivatives, mineral compounds such as dicalcium phosphates,
tricalcium phosphates and calcium carbonates, saccharose, cellulose derivatives,
notably microcrystalline celiulose, ethyl celiulose, and

hydroxypropylmethylcellulose, starch and mixtures thereof.

3. The granule according to one of claims 1 or 2, wherein the diluent is
selected from siica derivatives, and notably derivatives of magnesium

aluminometasilicate.

4. The granule according to any of claims 1 to 3, wherein the compound
which may generate gas evolvement is selected from the group consisting of
carbonate and bicarbonates, and is notably selected from the group consisting of
sodium bicarbonate, sodium carbonate, sodium glycine carbonate, potassium

bicarbonate, magnesium carbonate and calcium carbonate.

5. The granule according to an of claims 1 to 4, wherein the membrane

consists of coating excipients for immediate release.

6.  The granule according to any of claims 1 to 4, wherein the membrane

consists of coating excipients for sustained release.



29

7. The granule according to any of claims 1 fo 6 characterized in that it consists of:
- 15-25% of solid core,
- 50-60% of active ingredient
- 5-15% of sodium bicarbonate, a gas generator
- 2-18% of Neusilin®, diluent
- 3-10% of shellac, a binder

- 3-6% of coating membrane

8.  The granule according to any of claims 1 to 7 characterized in that it
further comprises a coloring agent.

9.  The granule according to any of claims 1 to 8, in that it further comprises

a sweetener.

10. The granule according to any of claims 1 to 9, characterized in that it

further comprises a flavoring agent.

11. A pharmaceutical composition comprising a mixture of granules
according to any of claims 1 {o 10, wherein said mixture consists of two groups
of granules (A} and (B), the granules (A) and the granules (B) having different
kinetics for releasing the active ingredient.

12.  An application of the granule according to any f claims 1 to 11 for

treating pathologies requiring at least very fast in vivo availability of GHB.

13.  An application of the granule according to claim 12, in that the
pathology is narcolepsy.

14.  An application of the granule according to claim 12, in that the
pathology is alcoholic withdrawal.



