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conposition for the prolonged rel ease of trinmetazidine in which the

I nner phase conprises trinetazidine and the outer |ayer conprises a
retardant and 20anti-aggl onerant. The nature and the thickness of the
excipients in the outer layer make it possible to control the rel ease
of the trinetazidine active ingredient as a function of tine Mor e
particularly, the retardant present in the outer |ayer,
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9 %of the total weight of the inner phase. Mre especially, the
per cent agdhef pharmaceutical composition according to the present invention is a

composition for the prolonged release of trimetazidine in which the inner phase
comprises trimetazidine and the outer layer comprises a retardant and

20  anti-agglomerant.

The nature and the thickness of the excipients in the outer layer make it possible
to control the release of the trimetazidine active ingredient as a function of time.
More particularly, the retardant present in the outer layer, i.e. a retardant for the

25 diffusion of the active ingredient, is involved in the process of prolonged release.

Among the retardants that may be used in the compositions according to the
invention there may be mentioned, by way of non-limiting example, ethylcellulose
(EC), ethylcellulose derivatives such as cellulose acetate, cellulose acetate
30 butyrate, cellulose acetate bropionate, cellulose acetate phthalate, hydroxypropyl
methylcellulose acetate succinate and/or polymethacrylates. The retardants are

placed in organic solution or in aqueous suspension in the course of their being



retardant is between 5.5 %and 8 % inclusive of the total weight of
t he i nner 20phase. The percentage of ethylcellulose in the

phar maceuti cal conposition is strictly less than 9 % of the total
wei ght of the inner phase. Mre especi al I3 , the percentage of
ethylcellul ose is between 5.5 %6 and 8 % nclusive of the total
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phase. More particularly, the percentage of ethylcellulose is 6.5 % of the total
25  weight of the inner phase.
The percentage of anti-agglomerant in the pharmaceutical composition is between
25 % and 200 % inclusive, preferably between 100 % and 200 % inclusive, of the
weight of the retardant.
The percentage of talc as anti-agglomerant in the pharmaceutical composition is

30 preferably between 100 % and 200 % inclusive of the weight of the retardant.



The percentage of binders in the pharmaceutical conposition is

between 1 % and 15 % inclusive of the total weight of the

conposition. The percentage of hydroxypropyl nethylcellul ose as
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Preference is given to the trimetazidine in the compositions according to the
30 invention being in the form of the dihydrochloride of trimetazidine. The amount of

trimetazidine dihydrochloride in the pharmaceutical composition is preferably

80 mg.



controls the rel ease kinetics. The coated mnigranules are placed in
capsul es. By way of exanple, the follow ng manufacturing process may
be nentioned: 25 Neutral cores conposed of sucrose/starch are coated
with successive layers of trimetazidine hydrochloride solution
associ ated w th hydroxypropyl nethylcellulose in a fluidised-bed
system Coating of the mnigranules thereby prepared is carried
out in a fluidised-bed apparatus using a suspension conposed of
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The percentage of trimetazidine in the pharmaceutical composition is between

35 % and 70 % of the total weight of the composition.

15 Preferably, the outer layer of the pharmaceutical compositions according to the
invention comprises from 5.5 % to 8 % of ethylcellulose relative to the total weight
of the inner phase, from 5 % to 30 % of acetyl tributyl citrate relative to the weight
of the retardant and from 100 % to 200 % of talc relative to the weight of the
retardant.

20 Likewise preferably, the inner phase of the pharmaceutical compositions according
to the invention comprises from 15 % to 40 % of neutral core, from 35 % to 70 %
of trimetazidine and from 1 % to 15 % of hydroxypropyl methylcellulose relative to

the total weight of the composition.

25 The amount of components of the pharmaceutical composition is 80 mg of
trimetazidine dihydrochloride, 36.677 mg of neutral minigranules, 6.40 mg of
hydroxypropyl methylceliulose, 1.2 mg of acetyl tributyl citrate, 8 mg of

ethylcellulose and 12 mg of talc.

30 Among the pharmaceutical compositions according to the invention there may be
mentioned, more especially, those that are suitable for oral administration,

especially in capsule form.



Hydr oxypropyl methyl cel lul ose 6.40 Coating (6.5 % EC) Acetyl
tributyl citrate 1.20 Ethylcellulose 8.00 Talc 12.00 Capsule Coated
m ni granul es 144. 277 Magnesi um stearate 0.434 8 Exanple 2:
Macroscopi ¢ appearance of the minigranules In the absence of
anti-agglonerant in the outer phase of t e phar maceut i cal
conpositions there are found, on an industrial scale, irregular

m nigranules 5 (Figure 2), nunmerous cracks in the m nigranul es’
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prolonged over 24 hours following administration of the pharmaceutical
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10
In accordance with the process for manufacture of the pharmaceutical
compositions according to the invention, cores are coated with successive layers
of the active ingredient using a coating pan, with or without perforations, or
fluidised-bed apparatus. The active ingredient in the form of a solution or
15 suspension, which is aqueous or organic, is sprayed onto the cores and then
dried.
The minigranules, prepared by one or other of the processes, are subsequently
coated, either in a coating pan, with or without perforations, or in a fluidised-bed
type apparatus. The minigranules are coated using a solution or suspension of the
20 retardant which is involved in the diffusion of the active ingredient and thereby
controls the release kinetics.

The coated minigranules are placed in capsules.

By way of example, the following manufacturing process may be mentioned:

25  Neutral cores composed of sucrose/starch are coated with successive layers of
trimetazidine hydrochloride solution associated with hydroxypropyl methyicellulose
in a fluidised-bed system.

Coating of the minigranules thereby prepared is carried out in a fluidised-bed
apparatus using a suspension composed of ethylcellulose, acetyl tributyl citrate

30 and talc.

The coated minigranules are filled into capsules in the presence of magnesium

stearate.



ethylcellulose in the coating Table 2: Batch EC % Coati ngrati

: atio %
E110055 6.5 14.7 E110118 10 20.9 E110120 4.5 10.7 E11 1
E110124 5 11.7 Conposition ' otel 9193
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The present invention relates also to use of the pharmaceutical compositions
according to the invention in the prophylactic treatment of angina pectoris, in the
course of chorioretinal disorders and also for the treatment of vertigo of vascular

origin.

The Examples hereinbelow illustrate, but do not limit, the invention.

Example 1: Pharmaceutical composition for a capsule containing 80 mg of

trimetazidine

The trimetazidine minigranules are coated with a film containing 6.5 %

ethylcellulose.

Figure 1 illustrates the structure and formulation of the pharmaceutical

composition described below.

Table 1:

Compounds Amount (mg)
Active ingredient minigranules

Trimetazidine dihydrochloride 80.00
Neutral minigranules 36.677
Hydroxypropyl methyicellulose 6.40
Coating (6.5 % EC)

Acetyl tributyl citrate 1.20
Ethylcellulose 8.00
Talc 12.00
Capsule

Coated minigranules 144.277
Magnesium stearate 0.434




Trimetazidine 80 80 80 80 80 Neutral

cores 36.677 36.677 36.677

36.677 36.677 HWC 6.4 6.4 6.4 6.4 6.4 Ethylcellul ose 8 12
6.2 Acetyltributyl y .3 5.5 11.1
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Example 2: Macroscopic appearance of the minigranules

In the absence of anti-agglomerant in the outer phase of the pharmaceutical
compositions there are found, on an industrial scale, irregular minigranules
(Figure 2), numerous cracks in the minigranules’ coating and even amalgamations
between the minigranules. These coating defects cause major modifications to the

in vitro dissolution kinetics, especially profiles of accelerated dissolution.

If the anti-agglomerant is in excess, then the minigranules obtained on an
industrial scale have an irregular and flaky surface (Figure 2) due to the presence
of excessive talc sticking to the surface of the minigranules. These minigranules

have dissolution kinetics that are greatly accelerated and even immediate-release

kinetics.

Example 3: Dissolution kinetics compared as a function of the percentage of

ethylcellulose in the coating

Table 2:

Batch E110055 E110118 E110120 E110121 E110124
EC % 6.5 10 4.5 9 5
Coating ratio 14.7 20.9 10.7 19.3 11.7
%

Composition

Trimetazidine 80 80 80 80 80
Neutral cores 36.677 36.677 36.677 36.677 36.677
HMPC 6.4 6.4 6.4 6.4 6.4
Ethylcellulose 8 12.3 5.5 111 6.2
Acetyl tributyl

citrate 1.2 1.8 0.8 1.7 0.9
Talc 12 18.5 8.3 16.7 9.3
Mg stearate 0.4 0.4 0.4 0.4 0.4
Total weight 144.711 156 138 152.9 139.8
Dissolution

4 hrs 20.9 2.1 46.3 4.9 36.6
8 hrs 48.5 26.9 69.1 31.7 62.9
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It is to be noted that the coating ratio was calculated as follows: weight of outer
phase / total weight.

Furthermore, the above dissolution profiles were obtained starting from
minigranules which had not been distributed into capsules. The dissolution profiles
of batches on an industrial scale (minigranules encapsulated in capsules) are
slowed down by 4, 3, 2 and 1 % at the 4, 8, 12 and 16 hour points, respectively,

relative to the dissolution profiles described above (not filled).

The in vitro dissolution kinetics of the pharmaceutical compositions E110118
(EC 10 %), E110120 (EC 4.5 %), E110121 (EC 9 %), and E110124 (EC 5 %)
(Figure 4) were compared to the in vitro release kinetics of the reference
pharmaceutical composition E110055 (EC 6.5 %). The dissolution profiles are
compared with the aid of the similarity factor (f).

The dissolution kinetics of the compositions E110118 (EC 10 %) and E110121
(EC 9 %), on the one hand, and E110120 (EC 4.5 %) and E110124 (EC 5 %), on
the other hand, are not similar to the dissolution kinetics of the reference
pharmaceutical composition E110055 (EC 6.5 %). Consequently, the percentage
of retardant in the pharmaceutical composition is, on the one hand, strictly less
than 9 % and, on the other hand, strictly greater than 5 %.

Two dissolution profiles are considered to be similar when the value (fy) is greater
than or equal to 50. Calculation of the similarity factor (f,) is advised by the
directives of the EMA and the FDA in order to compare two dissolution profiles and
to make it possible to decide if said dissolution profiles are the same.

The similarity factor (f2) has the following formula:

d 100 h
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wherein f, is the similarity factor, n is the number of normalised points, R(t) is the
percentage mean of active ingredient dissolved from the reference pharmaceutical
composition E110055 and T(t) is the percentage mean of active ingredient
dissolved from a pharmaceutical compositon E110118 (EC 10 %), E110120
(EC 4.5 %), E110121 (EC 9 %), and E110124 (EC 5 %). The normalised points
are at least at t = 8 hours, t = 12 hours and t = 16 hours.

The evaluated minigranules filled into capsules have different formulations; these
formulations vary especially as a function of the amount of ethylcellulose and

anti-agglomerant.

The observed in vitro dissolution profiles of the pharmaceutical compositions
E110118 (EC 10 %), E110120 (EC 4.5 %), E110121 (EC 9 %), and E110124
(EC 5 %) (Figure 3) were modelled by applying Weibull's law to each of them
(Figure 4). Weibull's law constitutes an especially valuable approximation which
makes it possible to predict continuous in vitro dissolution profiles from observed
in vitro dissolution profiles.

A vitro-vivo correlation equal to 1 was put forward as the hypothesis; consequently
the profiles of the fractions absorbed in vivo (Figure 4) correspond exactly to the
modelled in vitro dissolution profiles. A convolution step was then carried out in
order to predict the pharmacokinetic profiles of the various pharmaceutical
compositions. The convolution step (function Cp(t) ) is defined as follows:
Cp(t) = I(t)*P(t)

wherein I(t) is an input function and P(t) is a disposition function.

The input function represents the fractions absorbed in vivo as a function of time
and the disposition function is a polyexponential equation of the pharmacokinetics
of a pharmaceutical composition for the prolonged release of trimetazidine
obtained in the study SKH-G?QO-OOS—FRA. The predicted mean pharmacokinetic
profiles are shown in Figure 5.

Starting from said plasma profiles obtained by convolution, the pharmacokinetic
parameters AUC and Cmax were calculated where AUC represents the exposure

to the medicament and Cmax the maximum concentration.



54.5 86.5 58.3 83.4 24 hrs 86.3 67.8 93.2 71.1 91.6 It is to be
noted that the coating ratio was calculated as foll ows: weight of
outer phase | total weight. 5Furthernore, the above dissol ution
profiles were obtained starting from m ni granul es which had not been
distributed into capsul es. The dissol ut ildn profiles of batches on an
i ndustrial scale (mnigranules encapsulated in capsules) are slowed
down by 4Tg@e ® and 1 % at the 4, 8, 12 and 16 hour points,
respectively, relative to the -dissolytionprpttes—d riChed, above
(not filled). 10 The in vitro di ssol CHGMANIY o ofotrg (UML)
phar maceut i cal (,unpostgqg{ EIT01T8 (EC 1§30, E110120 (EG3%6 5 %N,
E110121 (EC 9 %, and A§4 (EC|5 % (Figure 4) were conpared to
the in vitro rel ease Einet2&s of the ref&éhce phdr maceutddcdl
conposi ti on E110055 (EC 6.5 % Fhe—di-ssobititon—priofites
15conpared witH the aFd18$93 he similarity f&ctor ([f2). Ths‘gl'g
di ssol ution ki neticts ?qm@ conposi tions1£d4l0118 (|[EC 10 %7.@nd
E110121 (EC 9 9%, on the one hand,, and E110120 (EC 4 5% and E110124
(EC 5 %, on the otheE1hant8 are not sinf4® to the di ssd4”ion
ki netics of the reference pharmaceutiecal—conpostt+onEI16055(EC 6.5
%9 ). Consequently, the percentage 20of retardant in the

pharmaceutical conposition is, on the one hand, strictly less than 9

% and, on the other hand, strictly greater than 5 % Two gi,s ol ut | ont
profil es @he AldQwif dee pHatroateutisahtompogiien BHOORRI (FE Pr2e i'%alj‘r %'Qbﬁ? of

th | to 50. .Ca | ati. f | o J i i
advi el bihe Peara g FaLEBPot A ERk IR MO BEald (I EREo s o he pationt
two di sso{dI{HeQHn&lrtQiiHir@ﬁsﬁ]ghiﬁ@rﬁlymbﬁoddd.possi ble to decide if said

di ssolution profiles are e sane. The simlarity factor (f2) has th
foll ow ngFﬂdﬁemwcane, 1th@ pharmacokinetic profiles make Xt poss%le(to )measuré fhe

efficacious myocardial protection time of the treated patient, or the time during

which said patient is covered by a therapeutically efficacious plasma concentration
10 (40 ug/l). This therapeutic protection time is at least 22 hours for the composition
E110155 (EC 6.5 %) whereas it is only 16 hours for the composition E110118
(EC 10 %). The therapeutic protection time is improved even when the percentage
of retardant, which is responsible for the prolonged release in the therapeutic

composition, is reduced from 10 % to 6.5 %.

15
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5. Composition according to claim 4, characterised in that the plasticiser is

20 selected from acetyl tributyl citrate, glycerol triacetate, acetyl triethyl citrate, acetyl
ethyl citrate, diethyl sebacate, dibutyl sebacate, ethyl and dibutyl phthalate,
polyethylene glycol, glycerol and/or propylene glycol.

6. Composition according to claim 1, characterised in that the percentage of

25 retardant is strictly less than 9 % of the total weight of the inner phase.

7. Composition according to claim 1, characterised in that the percentage of
retardant is between 5.5 % and 8 % inclusive of the total weight of the inner
phase.

30
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conpositi 06.5% 1
Phar maceupiasttisenistastiveienrs %oang60I1% nyddsive béteeweight of thet reiardant,
wherein: - an inner phase conprises trinetazidine;

10. Composition according -to claim 1, characterised in that the inner phase
comprises a binder.

10
11. Composition according to claim 10, characterised in that the binder is selected

from hydroxypropyl methylcellulose, hydroxypropylcellulose, maltodextrin,

polyvinylpyrrolidone and/or microcrystalline cellulose.

15 12. Composition according to claim 1, characterised in that the trimetazidine is

coated onto a core.

13. Composition according to claim 12, characterised in that the core is composed
of sucrose, sucrose and starch, or microcrystalline cellulose.

20
14. Composition according to claim 1, characterised in that the trimetazidine is in

the form of the dihydrochloride.

15. Composition according to claim 1, characterised in that it contains 80 mg of

25 trimetazidine dihydrochloride.

16. Composition according to claim 1, characterised in that the outer layer
comprises:
- from 5.5 % to 30 % of acetyl tributyl citrate relative to the weight of the

30 retardant;
- from 5 % to 8 % of ethylcellulose relative to the total weight of the inner

phase;



5- an outer |layer conprises a retardant and an anti-aggl onerant. 2.
Conmposition according to claim1, characterised in that the retardant
is selected fromethylcellul ose, cellulose acetate, cellul ose acetate
butyrate, cellul ose acetate propionate, cellulose acetate phthal ate,
hydr oxypr opyl nethyl cel |l ul ose acetate 10%ucci nate and/ or

pol ymet hacryl ates. 3. Conposition according to claima1,

char act eri sed- frant 1A % te2@Mth obitpit alelivento the werighicefdbe freigndant] ¢,
colloidal silicon dioxide, nmagnesium stearate, stearic acid and/or
sodi um fumaryl stearate. 15 4. Conposition according to claima1,
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triacetate, acetyl igthyl,~Chtragt e i trat i I
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gl ycol , gl ycer otompééigibnpr opyl ene gl ycol . 6. Conposition
according to claiml, characterised in that the. percept of .

25r et ardant is iR 1% 10ed8 ¥ oh RO AR QPR wejgpt of the
i nner phase. 7 O@gg@ghti on according to claim1, characterised in
that the percen%ag of retardant is between 5.5 % and 8 % i ncl usive

of the total wéioght! 6 tbht5i%nef hptimsgpropyB nesthgeaiidese irslatixe clor tientptal
to claim1, charact ?ri ggd in th@t t he percentage of anti-aggl onmerant

i s betheen 25 WEINSHLFPMEPEUPYe of the weight of the retardant.

59. Conposition according to claim4, characterised in that the

percentage of plasticiser is between 5 % and 50 %.i ncl usi ve, af tfbe f
wei ght of 18h€oreasititmaccording toeisdai 1. eharaciessar i that & conigies 80 mg o

characterised in,that,the jnner i L f
Conposi 1 Binsiae8ing it dBehRide, EEFLAIrS! FERR) hiRfanyks, Sido, mo o
i's sel ect adafoxpidiwir metinyiesilioset My2 cald ubfoseetyl tributyl citrate, 8 mg of
hydr oxypr opyl cel | ul'ose, naltodextrin, polyvinylpyrrolidone and/or

m cr oty ysBﬁNMQ’JQNQ:S@Iﬂ‘Qd bdang eEEIC. Conposition according to claimi,
characterised in that the trimetazidine is coated onto a core. 13.
Conposition according to claim 12, characterised in that the core is

conposed qb. sPisa@sacesical asenpositiet aacdordiog b9 canrgng o0f idkims 1 to 18,
cellulose. 20 14. Conposition accordj ng.to,clai > i ido
that the charsterised Rd ?Eth%leﬁ’ﬁgoefc’@r‘ﬂ#r Bgﬁsr%u(i@nh{’?c#%c %cl?s?itﬁaoq{ Isf6n'e'%
15. Conmpogy u Bt RIS %hded By 2RSS apEdrdn 3N86 tH157 % of the
cont ai ns z%tzlgg%o?pg%ﬁ rretaazildi ne di hydrochl ori de. 18. Conposjtion. .
accor g ng tiretizidine IreledsadabyeBi bedrsi Andheore Heapufar %4 & dhe trimetazidine
released by 24 hours and is selected so that the therapeutically efficacious plasma
concentration of trimetazidine obtained in vivo is prolonged over 24 hours following

administration of the pharmaceutical composition.

75 20. Process for manufacture of a composition according to any one of claims 1
to 19, characterised in that it comprises the following steps:
a) coating neutral cores with trimetazidine and a binder;
b) coating the minigranules obtained in a) with a retardant, a plasticiser and

an anti-agglomerant;
30 c) filling of the coated minigranules obtained in b) and lubricated.



conprises: - fromb5.5 %to 30 %of acetyl tributyl citrate relative

to the weight of the 30retardant; - from5 %to 8 % of ethylcellul ose
relative to the total weight of the inner phase; 14 - from 100 %to
200 % of talc relative to the weight of the retardant. 17.

Composition according to claim 12, characterised in that the inner
phase conprises: 5- from15 %to 40 %of neutral core relative to th
total wei ghtPodrmdmeutioabosinpositipn -acteshing® eny @negofglaimsg ﬂltﬁekgafﬂrdﬁﬁén

relative o t he t ht of .the c o]

o e s, e RO RTRE T e, b o (OBl
10vei ght  gfotdi®s GRAARASH FdraRe trehBneoomasiigo ofvasstardirigint o cl aim 1,
characterised in that it contains 80 ng of trinetazidine

di hydrochl oride, 36.677 ng of neutral mnigranules, 6.40 ng of

hydr oxypropyl nethylcellulose, 1.2 ng of acetyl tributyl citrate, 8
ng of 15ethylcellulose and 12 ng of talc. 19. Pharnmaceuti cal
conposition according to any one of clains 1 to 18, characterised in
that the level of in vitro dissolution of the conpositionis from8 %
to 28 % of the trinetazidine released by 4 hours and from37 %to 57
% of the 20 trinetazidine released by 8 hours and nore than 75 % of
the trimetazidine rel eased by 24 hours and is selected so that the

t herapeutically efficacious plasnma concentration of trinmetazidine
obtained in vivo is prolonged over 24 hours follow ng adm nistration
of the pharmaceutical conposition. 25 20. Process for manufacture of
a conposition according to any one of clains 1 to 19, characterised
inthat it conprises the follow ng steps: a) coating neutral cores
with trimetazidine and a binder; b) coating the m nigranul es obtai ned
ina wth aretardant, a plasticiser and an anti-aggl onerant; 30c)
filling of the coated m nigranules obtained in b) and lubricated. 15
21. Pharmaceutical conposition according to any one of clainms 1 to 19
for use in the prophylactic treatnment of angina pectoris, in the
course of chorioretinal disorders and also for the treatnent of
vertigo of vascular origin.



