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ABSTRACT

Trimetazidine HCI is the first cytoprotective amehemic agent which, in contrast to classical angmal
drugs, is effective to ward off heart attack by am¢ing the heart’s energy producing function rathkan
weakening the heart act. Clopidogrel bisulfate glay central role as a platelet inhibitor in acuteronary
syndromes, interventional cardiology and in secaydarevention of ischemic events in patients with
myocardial infarction. The aim of this work wasdevelop a sustained release formulation of trimietiaz
hydrochloride microspheres and immediate releagentdation of clopidogrel bisulphate layer—tablet iwh
were planned to be used for future preparation déyer tablets of the two drugs. Trimetazidine HCI
microspheres were prepared by the emulsificatiolvestt evaporation technique using ethyl cellulose a
retardant polymer at different drug: polymer ratichile clopidogrel layer-tablet was prepared and iogkzed

by using different concentrations of crospovidore disintegrant by direct compression method using a
compression force of 15 kg/émwhile. The 1:2 drug: polymer microspheres formidatshowed the highest
entrapment efficiency and production yield and atained drug release for up to 12 hr. On the othand,
the clopidogrel layer-tablet formulation containimt$s crospovidone showed the highest rate and exdént
drug release.
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INTRODUCTION

Trimetazidine hydrochloride [1-(2,3,4-Trimethoxylz)piperazine dihydrochloride][1] is the first
cytoprotective anti-ischemic agent [2]. It functowia unique mechanisms enhancing the coronarydbloo
flow by shifting energy substrate utilization taugbse through inhibition of fatty acid metabolis&j.[Unlike
conventional anti anginal drugs including calciuhannel blockers angblockers, trimetazidine offers aging
individuals a complementary and potentially moréefive way to ward off heart attack by enhancihg t
heart’s energy producing function rather than weakg the heart [4]. Clopidogrel bisulphate [MetH{$d)-2-
chlorophenyl(4,5,6,7-tetrahydrothieno[3,2-c]pyriebryl)acetate bisulphate] [1] plays a central ra@e a
platelet inhibitor in secondary prevention of isohie events in patients with myocardial infarctioh[#\
clinical studyconcluded that trimetazidine combingdpidogrel treatment of unstable angina pecttas
positive clinical effects and high security andghtis worthy of clinical application [6].

Microspheres are homogeneous or monolithic strestumade of a continuous phase of one or more nhéscib
polymers in which particulate drug is dispersedotltghout the matrix. Emulsification-solvent evaparat
technique is the oldest and most widely used mettméccomplish encapsulation [7].1t allows for the
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creation of microparticles or nanoparticles thavteh@a more optimized release of the encapsulate@nmaat
[8].

Due to the unavailability of products containingthbdrimetazidine HCI and clopidogrel bisulphate as
dosage unit, this preliminary work was undertaken the favor of future preparation of the two drums
bilayer tablets.

EXPERIMENTAL SECTION

2.1. Materials

2.1.1. Apparatuses

U.V spectrophotometerand FTIR spectrophotometehing8dzu Corporation, Japan); Hydraulic pellet pres
(KP-587, PCI Services, India); Differential scamicalorimeter (Mettler — Toledo Star 822 system,
Switzerland); USP dissolution tester apparatnd disintegration Tester apparatus (Pharma tesfia)n
Friabilator and hardness tester (Techno Scientifidia).

2.1.2. Materials and Reagents

Trimetazidine Hydrochloride (Niveditha chemicaladla), clopidogrel bisulphate(Zydus —Cadila Headttec
Ltd, India), ethyl cellulose and crospovidone (Sjrechemicals, India), acetone, Methanol, ethanight
liquid paraffin, hydrochloric acid, microcrystalencellulose, lactose, magnesium stearate , and($aldine
chemical Ltd .India), potassium dihydrogen phosphabdium hydroxide, potassium bromide and potassiu
chloride (Qualigens Fin chemicals, India).

2.2. Methods

2.2.1. Ingredients compatibility

FTIR spectrophotometry of trimetazidine HCI, clopggdel bisulphate and physical mixtures of the twogs,
clopidogrel bisulphate /ethyl cellulose and trinmtiéne HCI /ethyl cellulose were carried out. Theestra
were compared to evaluate drug/drug and drug/polyimeompatibilities. The pellets of drug (or mix&)r
and potassium bromide were prepared by compregbmgowders at 20 psi for 10min on KBr-press ara th
spectra were scanned in the wave number rangef @000crt.

2.2.2. Standard calibration curves

A stock solution of 100mg/100ml of trimetazidine HE phosphate buffer pH6.8 was prepared. Thenrialse
dilution were done to obtain solutions in the camcation ranging from 10 to 100ug/ml. The absorkené
those solutions was measured at 269nm using UV tsgdwtometer. Separately, a stock solution of
50mg/100ml of Clopidogrel bisulphate in (10:90) tranol: pH2 HCI buffer. A serial dilution was camlieut

to obtain standard solutions of concentration raggrom 10 to 50ug/ml. Absorbance of each soluticas
then measured at 220nm. The standard calibrationesuof each drug were constructed and the regressi
equations of those curves were determined.

2.2.3. Preparation and evaluation of trimetazidineHCI microspheres

(a) Preparation

Trimetazidine HCI microsphere formulations (T1, Bhd T3) were prepared by emulsification-solvent
evaporation technique [9]. The drug: polymer ratwere 1:1, 1:1.5 and 1:2, respectively. T1 forniola
was prepared by dissolving of 6 g of the polymdayetellulose and 6 g of trimetazidine HCl in aced¢o The
solution was then added dropwise, under mecharsitaing at 500 rpm, to a beaker containing Spanrg80
150 ml of light liquid paraffin. After the emulsiowas prepared, stirring continued for 2 hours toilfate
solvent evaporation. The obtained microspheres weparated and washed with n- hexaneand then dtied
room temperature for 12 hours [10].

(b) Evaluation

(i) Microspheres size and morphology

The particle size of microspheres was measuredguaim optical microscope. The average diameter of
microspheres was calculated and the frequency sifidution of their particle size was also studidd].
Differential scanning calorimetry (DSC) thermograithe drug-loaded microspheres was compared teetho
of the drug and blank microspheres in order to mheilee crystalline or amorphous forms of microsplsere
Besides, scanning electron microscopy (SEM) wasd useexamine the microspheres shape and surface
morphology [12].
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(i) Production yield, drug content &entrapment efficiency

Production yield of each microsphere formulation swdetermined by the weight ratio of the dried
microspheres to the loading amount of the drug Botymer. To determine the entrapment efficiency, a
guantity of 100mg of the microspheres was thoroydghturated in 100 ml of phosphate buffer pH6.8m1

of this solution was diluted to 10 ml with the sas@vent. This solution was kept overnight for cdete
dissolution of trimetazidine HCI. The absorbancetlod solution was then measured at 269nm. Productio
yield, entrapment efficiency and drug content weaculated using the following formulae [13-15]

Total mass of microspheres

Production Yield (%) = * 100

Total mass of row material

Actual drug content
Drug content (%) = —— - 100
Weight of microsphere

Actual drug content
Entrapment efficiency = — — x 100
theoritical drug content

(iii) In vitro drug release from microspheres

The release of trimetazidine HCI from microsphewess determined by using USP basket type dissolution
apparatus. Accurately weighed amount of microsphevere taken for dissolution study. The microsphere
were placed in a non-reacting muslin cloth that haainaller mesh size than the microspheres. Thé mas
tied with a nylon thread to avoid the escape of arnigrospheres. Phosphate buffer pH6.8 was usetheas t
dissolution medium and maintained at’G7and at a rotation speed of 100 rpm. Samples wittedrawn at
lhour intervals for up to 12hours and analyzed spebotometrically at 269nm.The drug release kiceeti
were studied by fitting the dissolution profile ehch microsphere formulation to zero order, Finsteo,
Higuchi and Koresmeyers Peppa’s models. Equatieesl to express those orders and models, respeactivel
were:

Q= Q + Kot, Log Q: = Log @ - kt/2.303, Q= ky t ®°and Q/Q.= K, t"

; where Q Qp, were the cumulative % drug released at time dredinitial %drug released, respectively;
Qrwas the cumulative % drug remaining to be releagealtime, Q was the maximum % drug releasedy K
K, Ky and K, were the equations constants, t was the drug seléime and n was the diffusional exponent
[16-18].

2.2.4. Preparation and evaluation of Clopidogrel kwulphate layer

(a) Preparation

200mg clopidogrel bisulphate tableted-layer wasppred by direct compression on hydraulic pelletspre
with compression force 15kg/émThree formulations (C1, C2 &C3) of that layer weprepared with
different percentage of the disintegrant crosporal®f 2%, 4 % and 6 %, and slightly different la=o
content of 37.5%, 35.5% and 33.5%, respectivelye Thug content in all formulation was 37.5 %. Other
ingredients included formulation were microcrystadl (20%), magnesium stearate (1%) and talc (2%).

(b) Evaluation

Weight variation, hardness, friability and disintagjon tests were carried out on each formulatid@][ In
addition, the in vitro drug release in HCI buffdp for 1hour at 37C and at a rotation speed of 50rpm was
also evaluated using USP dissolution basket typmaagius [20].The content amount of the drug releéasas
determined spectrophotometrically at 220 nm.

RESULTS AND DISCUSSION

3.1. Ingredients compatibility

The FTIR spectra showed no interaction between tih@ drugs, trimetazidine HCI/ ethyl cellulose and
between clopidogrel/ethyl cellulose as the charastie peaks of each substance were present arghifioof
the peaks was observed.

3.2. Standard calibration curves

Standard calibration curves at 269 nm of trimetadHCI (10-100 pg/ml) in phosphate buffer and tbét
clopidogrel bisulphate (10-50 pg/ml ) in HCI buffeH 2 at 220 nm as shown in Fig.1 were both lingdh
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linearity K¢ of 0.999 for each curve. The regressions equatifmmsthe two curves respectively were
y=0.003x+ 0.006 and y=0.023x - 0.001
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Fig.1. Standard calibration curves of trimetazidineHCI in phosphate buffer pH 6.8 at 269 nm(left) andcclopidogrel bisulphate
in HCL buffer pH 2 at 220 nm(right)

3.3. Evaluation of trimetazidine HCI microspheres érmulations

3.3.1. Microspheres size and morphology

The average size (in um) of microspheres in theaHormulations T1, T2 and T3 were (40.1 + 2.275K.04

+ 4.06) and 76.46 = 5.31) um, respectively. Theexenalso normal distributions of particle sizesha three
formulations which ensured the uniformity of palticizes necessary for operations like mixing aatuldting
and also provided more uniform drug release. TheCDBermogram of trimetazidine HCI microsphere
showed absence of endothermic peak of the trimeitaeziHCI at 225.7°C ( drug melting point) which was
observed in thermogram of the drug alone and in ghegsical mixtures of the drug and polymer. These
findings indicated that trimetazidine HCI existeddisordered crystalline phase as a molecular dsspe in
polymeric matrix. They also revealed that the pbgbkmixture of trimetazidine HCI and polymer showtbe
same thermal behavior 225.5°C as the individual moment, indicating that there was no interactiotwieen
the trimetazidine HCI and the polymer in the sddtdte. Results of SEM, as shown in Fig.2, revedlhed
microspheres had spherical shape and showed snsawfhce and that would be advantageous to provide
good flowability necessary for proper tableting cgg@on during future preparation of bilayer tablethile
crystalline character of microspheres would supploetstability of the drug in tablets.

Fig.2. SEM of Trimetazidine HCI/ ethyl cellulose mérospheres (left X 100; RIGHT X 1400)

3.3.2. Production yield, drug content & entrapmentefficiency

The results obtained indicated that the increasdro§: polymer ratio was associated with increaséath
the entrapment efficiency of the drug into the raggheres and the microspheres production yielchawis
in Table 1.

Table 1: Drug entrapment efficiency , drug contentand production yield of trimetazidine HCI microspheres
Formulation Production Yield (%) Drug content (%) ntEapment efficiency (%)
T1 80.00 42.29 63.74
T2 87.00 39.96 76.12
T3 92.33 35.01 93.22

3.3.3. In vitro drug release from microspheres
The in vitro drug release profile of trimetazidifCl from the three formulations was found to beHaipic

with an initial burst effect as shown in Fig.3.
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Fig.3 Invitrorelease profile of trimetazidine

In the first hour, the drug release was 17.93%1826 and 10.63 % for T1 , T2 and T3, respectivdlye
reason for the burst release could be attributethéodrug loaded on the trimetazidine HCI microgpgkeor
imperfect entrapment of the drug. Table 2 demonasréhe overall cumulative % release for T1, T2 aBdat
the end of 12 hour which were 81.38%, 79.36 % and 71.8 %, rethpely. Results of analyzing of kinetics
of the drug release orders and models (presentddhile 2) showed that regression coefficienf) (8f the
three formulations on zero order were greater thase on first order which indicated that the drelpase of
all formulations obeyed zero order kinetic. Evidesoof diffusion controlled mechanism was obtaingd b
fitting the release data to Korsemeyers-Peppa'saggn. The diffusion exponent ‘n’ values of all
formulations were found to be more than 0.5 indiggtNon-Fickian diffusion in which the release contes
regardless to the concentration difference betwasite and outside the microspheres. Data of delgase
was also fitted to Higuchi equation explaining ttentrolled diffusion mechanism of drug release frtra
insoluble matrix polymer of the microspheres. Thghlest entrapment efficiency and the slowest delgase
rate were obtained with T3 formulation. These fimgh could be attributed to the highest polymer entin
that formulation of trimetazidine HCI microspheres.

Table 2: Kinetics of trimetazidine HCI release fran different formulations of microspheres
Linearity (R) Overall
. Order Peppa’s | Cumulative
Formulation Zero First Higuchi Peppa’s (n) release %
(0-12 hr)
T1 0.962 0.915 0.986 0.985 0.550 81.4
T2 0.966 0.896 0.980 0.991 0.669 79.4
T3 0.976 | 0.862 0.979 0.965 0.705 71.8
Similarity factor §,) T2 and T3: f,=80.85 ; T2 and T3:f,=53.6

3.4. Evaluation of Clopidogrel bisulphate layer-talets

Formulation C2 (containing 4% of Crospovidone) d&®wen in Fig.4 showed the maximum cumulative
overall drug release of 89.22 % within 60 minutesciomparison to 87.44% and 86.22% obtained with
formulations C1 and C3, respectively. On the othand, the hardness, disintegration time, friabiktyd
weight variation of three layer formulations weréhin accepted limits as demonstrated in Table 3.
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Fig.4 In vitro release profile of clopidogrel bisuphate from layer-tablets
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Table 3: Physical parameter (as mean + SD)of Clopadrel bisulphate layer-tablet.
. Weight (mg) | Hardeness (Kg/cf | Friability (%) Disintegration
Formulation | ™ _0 (n=10) (n=20) | time (min.) (n=6)
Cl 199 + 1.673 3.63 + 0.27 0.231 0.551 + 0.03D
c2 200 + 1.932 3.52+0.21 0.432 0.547 + 0.08B
C3 199.5 + 1.765| 3.69 +0.25 0.342 0.5776 £ 0.040
CONCULSION

The sustained release microspheres made of 1:2tairidine HCl:ethyl cellulose and the immediateeaske
clopidogrel bisulphate layer-tablet containing 4c#ééspovidone was found to be promising for futurerkvof
preparation of bilayer tablets of the two drugs.
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