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ABSTRACT

In the present study, isto development of Azelnidipine (AZP) transdermal patches and to study the effect of Dimethyl
sulfoxide (DMSO) on drug permeation through across the rat abdominal skin. The transdermal patches were
prepared by solvent casting method using different amounts and combination of hydroxyl propyl methyl cellulose
(HPMC E15), Ethyl cellulose (EC) and Eudragit RS100 (ERS). The drug and excipients compatibility studied by
Fourier transform infrared spectroscopy (FTIR). In-vitro drug release studies were studied using dialysis membrane
and Ex-vivo skin permeation studies were performed on rat abdominal skin using Franz diffusion cell. Diffused drug
was quantified by Uv-Spectrophotometer. The prepared patches were subjected to physicochemical studies such as
drug content, weight variation, thickness, moisture absorption, moisture loss, water vapor transmission rate (VWV/TR)
and folding endurance. The prepared films were smooth, flexible, uniform thickness, and content of drug. The FTIR
studies indicated that there was no interaction between drug and excipients. Ex-vivo studies showed that as an
increasing DM SO concentration to an increased cumulative amount of drug released.
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INTRODUCTION

Now-a-days attention is been given to develop Tdanmsal Drug Delivery System which can deliver matdis via
the skin portal to systemic circulation at a pred®ined rate over a prolonged period of time. Theldwide
transdermal patch market approaches £ 2 billiosethan only ten drugs including scopolamine, nljrogrine,
clonidine, estrogen, testosterone, fentanyl, andtime, with a lidocaine patch soon to be markdted[ransdermal
delivery of drugs promises many advantages ovdr aréntravenous administration, such as a bettstrol of
blood levels, a reduced incidence of systemic tbxien absence of hepatic first-pass metabolison28. Chemical
enhancers partition into and interact with the S@stituents to induce a temporary, reversible m®eein skin
permeability where as physical enhancers induceskite permeability by using physical forces suchnagnetic
field, electric current, vibration etc [3]. Ideallgenetration enhancers reversibly reduce thedragsistance of the
stratum corneum without damaging viable cells.

Azelnidipine is a new dihydropyridine calcium chahantagonist with selectivity for L-type calciurhannels that
has recently been approved in Japan for the trertafgatients with hypertension. Compared witheotthrugs, it is
a long-lasting drug and does not induce the reihexease of heart rate, Improve the contractilefudyion in
myocardium and Antiatherosclerotidts trend name is calblock. Azelnidipine has twoamiomers. The
pharmacological action of azelnidipine residesha (R)-enantiomer. This is in marked contrast feeptcalcium
channel blocker (CCB) in which the (S)-enantionterdsponsible for the biological activity [4]. An@ipine low
dose, low molecular weight anttare ideal characteristics for choosing as moded) dou preparing transdermal
patches.
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The objective of the present work was to develop a&haracterize the nitrendipine monolithic transadr
therapeutic systems fam -vitro releaseex-vivo permeation and mechanical properties.

MATERIALS AND METHODS

Materials:

Azelnidipine was received as gift sample from Tremledicare (India) Ltd, Eudragit RS100 (RS100) nesx:
from Evonik Roehm Pharma polymers, Mumbai. Hydrpxgpyl methyl cellulose (HPMC E15) and Ethyl cedisé
(EC) received from Fenaso Pharma, Hyderabad amthafhicals purchased were of high purity.

Drug-polymer compatibility studies:

The drug—polymer compatibility studies were carr@d by using FTIR Shimadzu, Japan. The FTIR amalys
verify the possibility of interaction between dragd polymer. Pure drug and physical mixture ofyd&upolymers
were used for FTIR studies [6]. The samples were scanned in the spectral rdmgibmeen 4000 cih— 400 crit.

Preparation of Transdermal Patches:

The transdermal patch was prepared by solvent eatipo technique using glass petriplate diametéisnf. The
polymers composition in the transdermal film is whoin Table 1. Polymeric solutions were preparethgis
dichloromethane (DCM) and methanol in 1:1 ratio @0 and 100 mg of Azelnidipine and dibutylpthalate
(plasticizer) were added and stirred well to ghbaogenous solution. The solutions was poured assgbetriplate
and allowed to dry, the rate of solvent evaporati@s controlled by inverting a glass funnel ovex fetriplate.
After 24 h 2 cm diameter (3.14 énpatch were cut and placed in desiccators [7].

Preparation of Transdermal Patches with penetrationenhancer:

These transdermal patch was prepared by solvepbeation technique using glass petriplate diamist&7 cni.
The composition of transdermal films were givenTable 2. Polymeric solutions were prepared by diasg
HPMC E15 and RS100 in 20 ml of DCM and methanoll)land incorporated Azelnidipine, dibutylpthalate
(plasticizer) allowed for mixing to get a homogesawolution, after that added DMSO in different amtsuagain it
was mixed to get homogeneous drug contained salufiben the solutions was poured on glass petepdaid
allowed to dry, the rate of solvent evaporation wastrolled by inverting a glass funnel over théripéate. After 24

h 2 cm diameter patch were cut and placed in datsicc

EVALUATION OF TRANSDERMAL PATCHES:

Determination of drug content:

The prepared patches of specified surface ared (3f) was cut and dissolved in 100 ml of sorenson byffé 7.4
containing 0.5% SLS. And it sonicated for 15 mientifuged at 5000 rpm for 30 min. The solutiotefied through
0.45um pore diameter of whatman filter paper, thegctontent determined by using Uv-Spectrophotometth
respected placebo patch was taken as a blankao[&f.

Weight variation:
Each formulated films were prepared in triplicatel ahen cut 3.14 chdiameter surface areas. Their weight was
measured using Sartorius digital balance [9].

Thickness variation:
The thickness of each formulation was measuredffereht points of the film by digital screw gau@ditutoyo,
Japan]10].

Moisture absorption:

The prepared all formulations were subjected foistuoe absorption studies. The specific area ohdaim was
accurately weighed and placed in desiccatorsntaining saturated solution of potassium bromid@4&8RH). After
three days, the film was taken out and reweighedirately. The percentage of moisture absorbed whksilated
using following equation [11].

% Moisture absorbed = {Final wt — Initial wt/Initiavt} X100

Moisture loss:

The prepared all formulations were subjected foisimoe absorption studies. Each film specific amaa accurately
weighed and placed in desiccators, it containingflgalcium chloride at 4€ for 24 hr. The final weight was noted
when there was no further change in the weighhdividual films. The percentage of moisture loss walculated
using following equation [12].
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% Moisture Loss = {Initial wt — Final wt/ Final wtK100

Water vapor transmission rate (WVTR):

Glass vials of equal diameter were used as trasgmigells. These transmission cells were washeatighly and
dried in oven at 10T for some time. About 1g of anhydrous calcium dhl® was placed in the cells and respective
formulation film was fixed over brim. The cell wascurately weighed and kept in a closed desiceaintaining
saturated solution of potassium chloride to mam®&4% RH. The cells were taken out and weighed &4eh
storage. The rate water vapor transmitted was leddgii using following formula. It is expressed s humber of
grams of moisture gained per hr pefarea [13].

WVTR = {Final Wt —Initial Wt/ Time} X Area

Folding endurance:

The folding endurance was measured manually foptepared films. A strip of film (4x3 cm) was cutemly and
repeatedly folded at the same place till it brokee number of times of film could be folded at gwme place
without breaking gave the exact value of foldingwance [14, 15].

Flatness:

Three longitudinal strips were cut out from eadimfione from the center, one from the left sidej ane from the
right side. The length of each strip was measuretithe variation in length because of nonunifornityflatness
was measured by determining percent constrictidgth, @6 constriction equivalent to 100% flatness][16

Constriction (%) = {Final length of strip- Initidéngth of strip/ Final length of strip} X100

In-vitro drug release studies through dialysis membrane:

Franz diffusion cell was used for these studiescdhsisting of donor and receptor compartment. Dono
compartment for placing of drug or formulation aedeptor compartment for collecting drug sampléd® fieceptor
compartment was filled with sorenson buffer pH A4ad it was stirred magnetically by placing smalagnetic
bead. Dialysis membrane was placed over it andapeepfilm was placed in center position of dialysismbrane.
The donor cell was fixed using clips. The setug@thon magnetic stirrer and temperature maintaied? + fc.
Samples were withdrawn at different time intenalsr the 24 h and analyzed for drug content. Recgjitase was
replaced with an equal volume of sorenson bufferaah time interval [17].

Ex-vivo drug permeation studies through rat skin:

Franz diffusion cell was used for these studie® flitl thickness of rat abdominal skin was mouraetb a receptor
cell in such a way that stratum corneum side afi skintinuously remained in an intimate contact witmsdermal
film in the donor compartment and the dermis sidges W constant contact with receptor solution. Téweptor
compartment was filled with sorenson buffer pH & 482 + fc. The receptor medium was stirred magnetically. 3m
samples were withdrawn at predetermined time imlerever the 24 h and analyzed for drug contemntguslv-
Spectrophotometer at 254nm. Receptor compartmemtiume maintained constant by replaced with an equal
volume of fresh sorenson buffer for each time wea&f18].

RESULTS AND DISCUSSION

The transdermal films were found to be smooth,ilfllexand uniform thickness. The FTIR spectrum @Pfand its
formulations using HPMC E15, EC and HPMC E15, ERB&0e shown in Fig. 1, 2 and 3 respectively. The
characteristic peaks of drug found at 825'dCl stretching, 1122 ¢C-N stretching, 1288 ¢ C-O stretching,
1348 cm' N-O symmetric stretching, 1631 émN-H bending, 1675 cthC=0 stretching. The spectrum results
were shown no change in characteristic peaks @f.@a that indicated compatibility of drug and poér.

Thickness of the transdermal films was almost unifand it was found to varying from 168 = 0.15 80X 0.15
pm. The weights of transdermal films were foundbéouniform and it was found to in the range of ¥5:00.12 to
81.67 + 0.15. The amount of drug estimated in efacmulation was found to be varying from 95#0161 to
98.3%0.46. The lowest standard deviation values indioatee uniformity of the transdermal films. The rksare
shown in Table 3. The above results proved thasteent evaporation technique to produces uniftrickness,
weight and drug content of transdermal patches.

The Fig. 4 showed that the moisture absorption dotanbe 4.72+0.45 to 6.45+0.52 and moisture lossdoto be
4.14+0.28 to 5.66+0.73. The results indicate that moisture absorption and moisture loss value® \Wwerreases
with increasing concentration of HPMC E15 (hydrdighpolymer). This may be due to high affinity ofiter for the
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hydrophilic polymer than the EC and RS100 (hydrdpbgolymer). The low percentages of moisture lbsk
them to remain stable and free from completelyrdnand brittle. The low moisture absorption, whicluld protect
the formulation from microbial contamination andluee the bulkiness.

Table 4 shown wvtr found 0.01+0.30 to 0.03+0.42¢7Tihcrease in weight was indicative of water traigsion
across the patch and Folding endurance found iratinge > 200 times.

The flatness of all prepared films was found to €8fistriction equivalent to 100% flatness. The FighbwsIn-
vitro cumulative amount drug release profile of azp ugiodialysis membrane, F1,F2,F3,F4,F5 and F6 eelibi
2.42, 2.13,1.87,1.53,1.20,0.75mg per 24h respdgtifhese studies concludes that an increasing FEC3] and
RS100 (F4-6) concentration to decreasing amoudtugf release.

The Fig.6 show&x-vivo cumulative amount drug release profile of azpufgrorat abdominal skin, F1,F2,F3 F4,F5
and F6 exhibited 3.26,2.68, 2.18, 2.01, 1.65 adé Mg per 24h respectively. Comparatively &tevivo studies
were given better cumulative amount of drug releass 24 h. due to the nature of barrier is biaagimembrane.
The F6 was selected for studying effect of DMSQ@g¢siit was showed low permeation; the Fig.7 shosvara
increasing proportion of DMSO in 2, 3, 4, 5% v/vdn increased cumulative amount of drug release. A1D
exhibited 3.18 mg per 24h. Thus formulation F1 &i€ selected as best transdermal patches of aepeX-hivo
studies results indicate that azp released fromhpatand penetrated through rat skiance it could possibly
permeate through human skin.

The description of ex-vivo studies by a model fimtthas been attempted using different kineticso(zeder, first
order, Higuchi square root model, Korsmeyer’'s Psppadel.

All the formulations (Table 5) followed zero ordelease kinetics. The correlation coefficientd) (Rere found to
be in the range of 0.948-0.998. Further to find whether diffusion was involved in the drug relegbe data was
subjected to Higuchi. The line obtained were comppeely linear (R = 0.914-0.957) suggesting that the diffusion
might be of drug release. To confirm further reéeasechanism of drug, the data was subjected tonkeysr’'s
Peppas equation. The release exponent ‘n’ vale<{d. < 1) of Korsmeyer’'s peppas model indicated thlease of
drug from all the patches followed non fickian (eraous transport).

Table 1. Composition of Transdermal Patches of Azeidipine

. HPMC EC RS-100| AZP DBP | DMC:M
Formulation code | “mg) | (mg) | (mg) | (mg) | (mi) | (1:1) (mi)

F1 800 200 - 100 0.4 20
F2 600 400 - 100 0.4 20
F3 400 600 - 100 04 20
F4 800 - 200 100 0.4 20
F5 600 - 400 100 04 20
F6 400 - 600 100 0.4 20

Table 2. Composition of Transdermal Patches of Azeidipine with DMSO

Formulation code | HPMC | RS-100| AZP | DBP | DMC:M | DMSO
(mg) | (mg) | (mg) | (ml) | (1:1)(ml) | (m)

F7 400 600 | 100] 0.4 20 0.4

F8 400 600 | 100] 0.4 20 0.6

F9 400 600 | 100] 0.4 20 0.8

F10 400 600 [ 100] 0.4 20 1.0

Table 3. Weight variation, thickness, percentage afrug of transdermal films of Azelnidipine

Formulation | Mean Weight | Mean Thickness | % Drug content
(mg)£SD (um)=SD +SD
F1 80.0G:0.20 172.080.18 97.460.49
F2 78.6#0.58 170.080.15 95.030.61
F3 75.0G:0.12 168.080.15 96.720.38
F4 80.0G:0.15 170.080.26 95.620.31
F5 76.0G:0.32 168.080.21 96.8%0.26
F6 77.06:0.53 168.080.18 95.130.54
F7 79.00:0.42 170.080.25 96.8%0.35
F8 80.0G:0.34 176.080.16 97.220.34
F9 80.6#0.53 178.080.31 98.330.46
F10 81.67%#0.58 180.080.15 97.340.63
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Folding endurance

WVTR
(g/h/cn?)+SD
0.030.001
0.02:0.006
0.03:0.003
0.030.014
0.03:0.004
0.01+0.005
0.01+0.001
0.01+0.003
0.01+0.002
0.01+0.001

Formulation
F1
F2
F3
F4
F5
F6
F7
F8
F9

F10

Table 4. Water vapor transmission rate and foldingendurance of transdermal patches of Azelnidipine
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Fig. 2. FTIR spectrum of formulation F1 (HPMC, EC and AZP)
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Fig. 4. Moisture absorption and moisture loss of ensdermal films of Azelnidipine

Table 5. Rvalue of model fitting of transdermal patches

Formulation | Zero | First | Highuchi | Korsmeyer-Peppas n
F1 0.996 | 0.973 0.927 0.997 0.841
F2 0.996 | 0.987 0.925 0.990 0.822
F3 0.998 | 0.991 0.918 0.986 0.8719
F4 0.992 | 0.997 0.914 0.997 0.818
F5 0.998 | 0.995 0.919 0.993 0.887
F6 0.991| 0.994 0.929 0.975 0.813
F7 0.967 | 0.991 0.950 0.976 0.643
F8 0.948 | 0.990 0.957 0.972 0.596
F9 0.953| 0.990 0.959 0.975 0.614
F10 0.964 | 0.981 0.951 0.973 0.629
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Fig. 6. Ex-vivo drug permeation through rat abdominal skin
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Fig. 7. Ex-vivo drug permeation through rat abdominal skin with penetration enhancer

CONCLUSION

The transdermal films were smooth, flexible, umifiothickness, and content of drug. The FTIR studhédicated
that there was no interaction between drug andheats.

Research in this area has proved the usefulnessh@ical penetration enhancers for low permeabitity
formulations. The F10 showed better cumulative dalgase through rat skin.
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