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ABSTRACT

Transdermal systems are ideally suited for disets®sdemand chronic treatment. Hence, an antiediab
agent of both therapeutic and prophylactic usageblen subjected to transdermal investigation |&ziide

is a second generation hypoglycemic agent faceblgns like its poor solubility, which limits its alr
bioavailability with large individual variation aritb extensive metabolism. In the present worlkyddzrmal
matrix type patches were prepared by film castewhhiques on mercury using polymers like HPMC and
Eudragit RL-100. Also an attempt was made to ireeeie permeation rate of drug by preparing inctusi
complex with hydroxypropyp-cyclodextrin (HPB- CD). The possibility of a synergistic effect diemical
penetration enhancers (CPE) (propylene glycol deit acid) on the transdermal transport of the duag
also studied. Folding endurance was found to gk m patches containing higher amount of the Emgitra
There was increase in tensile strength with inaeastudragit in the polymer blend. In vitro drigjease
profile indicates that the drug release is susthiwwéh increasing the amount of Eudragit in patchise
patches containing inclusion complex of drug showegher permeation flux compared with patches
containing plain drug. The result of synergistiteef indicates that the HRCD in conjunction with other
chemical penetration enhancer showed higher peromefitix. In conclusion, the present data confitme t

feasibility of developing Gliclazide transdermatgizes.
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INTRODUCTION

Transdermal drug delivery offers many importantaateages. For instance, it is easy and painlepsptiects
the active compound from gastric enzymes, and oidsvthe hepatic first-pass effect, controls abisanp
rate, variations in delivery rates, interferences da the presence of food, increases patient cemgs
suitable for unconscious patients and enablestéstination of drug delivery, if needed. But sks1a
natural barrier, which are mainly composed of &l proteins and only a few drugs can penetrateskine
easily and in sufficient quantities to be effectifeRecently it is evident that the benefits of inaus drug
infusion can be duplicated, without its hazardsubyg the skin as the port of drug administratmprovide
continuous transdermal drug infusion in to theesyst circulationThe penetration across epithelial borders
is a slow process due to the effect of the bapreperties. The skin, in particular the stratumneoim,
possesses a barrier to drug penetration due higitsdensity (1.4 g/chin dry state), its low hydration of 15
to 20%. The barrier function is further facilitateg the continuous replacement of stratum cornghergby
limiting the topical & transdermal bioavailabilityTherefore, in recent years, numerous studies baea
conducted in the area of penetration enhancerffentimitations include slow penetration rates, lack of
dosage flexibility and a restricted to relativeiyvi dosage drugLS.]

Transdermal systems are ideally suited for dise#isas demand chronic treatment. Hence, anti-diabeti
agents of both therapeutic and prophylactic usagee hbeen subjected to transdermal investigation.
Gliclazide is a second generation sulphonylurebhypaoglycemic agent used in the treatment of mmudin
dependent diabetes mellitus. But the problem whik potentially useful hypoglycemic agent is thaisi
practically insoluble in water. This limits its draioavailability with large individual variationAfter oral
administration it get extensively metabolised byioxylation, N-oxidation and oxidation to sevensdtive

metabolites. It is slightly soluble in water havinaif life 6-8 hrs. The drug is neutral in naturelecule
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weight 323.4, melting point about 181°C and pamitcoefficient 2.1. Hence a potential candidatetiar
present works on transdermal studis: ®!

As the drug is slightly soluble in water compleéaat of Gliclazide with cyclodextrin has been used t
enhance aqueous solubility and drug stability. Ggektrins of pharmaceutical relevance contain 6r 8
dextrose moleculesi, B-, y-cyclodextrin) bound in a 1, 4- configuration tarforings of various diameters.
The ring has a hydrophilic exterior and lipophiticre in which appropriately sized organic molecuan
form non-covalent inclusion complexes resultingnareased aqueous solubility and chemical stabifty
B-cyclodextrin shows toxicity, when given parentyalHence, derivatives df -cyclodextrin with increased
water solubility [e.g. hydroxypropylg- cyclodextrin (HP-B-CD] are used in transdermal formulation.
Cyclodextrin complexes have been shown to incréasestability, wettability, penetrability and diston

of the lipophilic drugs. Skin penetration enhancetrfeas been attributed to extraction of straturmeom
lipids by cyclodextrins. However, cyclodextrins méowere determined to be less effective as perwtrat
enhancers than when combined with fatty acids aogytene glycof”

CPE are molecules which reversibly decrease theebarature of the Stratum corneut® CPE act by
interaction with intercellular lipids leading tosdiption of their organization and increasing ttieiidity ™.
Some of them also interact with intercellular pioteratin denaturation (e.g. Azone and oleic pEfd,
while others act by both mechanisms (e.g. DMSOmngylene glycolf**!. Another possible mechanism is
by altering the skin hydration.

In this investigation an attempt was made to detenthe synergistic effect of three chemical peat&in
enhancer (CPE) in whicf- cyclodextrin, which increase transdermal drugwgport by increasing drug

solubility and drug partitioning into the stratummrgeum, propylene glycol acts by increasing theidity of

lipid bilayers and Oleic acid which acts by disiagtthe intracellular proteins.
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MATERIALS AND METHODS

Materials

Gliclazide was received as a gift sample from CRiermaceutical Ltd. (Pune, India) Eudragit RL-20%
obtained from Degussa India Pvt. Ltd. (Mumbai, §)dHPMC obtained from Colorcon Asia Pvt. Ltd. (Goa
India). 3M™ Scotchpack”! 9733 backing membrane and 3\ Scotchpack! 1022 release liner were
obtained from 3M (USA). Cellulose Acetate membréhd5.) was obtained from Pall Corporation (USA).
Hydroxyl propylp-cyclodextrin was obtained from Finer Chemicals (Athmadabad, India), Oleic acid and
Propylene glycol were obtained from Research Lalinai, India). All other chemicals were used of
pharmaceutical grade.

Methods

Compatibility studies of drug and polymers

The pure drug, the mixture of polymers (HPMC andifagit) and a mixture of drug with the polymers gver
mixed separately with IR grade KBr in the ratial®D:1. The base line correction was done usingi d{ir.
Infrared spectra of the mixture were taken overaaevnumber range of 4000-400/cm (Shimadzu, Japan).
Also the infrared spectra of the drug and polynweese run individually. Then it was investigated fory
possible interaction between polymer and drug. Xky diffractograms were obtained using on X-Ray
diffraction instrument. (Philips X-ray diffractoneet PW-3710, Holland) and interpreted for any
polymorphic change in the gliclazide.

Formulation of transdermal patches having uniform tickness

In this work a 3 full factorial design was applied. The batch 1te@ting minimum quantity of all polymers
showed minimum thickness, while the batch 9 comagimigher quantity of all polymers showed maximum
thickness. As we know thickness of the patch waffects each and every physical parameter alsallit w
affects the release profile of drug. Hence to owere this problem, we have determined the percentage

contribution of each factor at each level and thielpes were prepared according to their contributio
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Preparation of transdermal patches
The transdermal patches were prepared by filmmgstichniques on mercul{' **! The transdermal film

contains HPMC, Eudragit RL-100 polymer along witt02ng of drug and 5% wt/wt of plasticizer, triethyl
citrate shown in table no.1 & table no.2. Af8ll factorial design were applied to formulate tnatrix type
transdermal film of gliclazide and to determine #féect of each polymer on release pattern of dram
transdermal drug delivery system. Hydrophilic miaisri.e. HPMC was dissolved in 10 ml water and
hydrophobic materials i.e. Eudragit RL-100 weresdiged in 10 ml blend of dichloromethane (DCM) and
ethanol (50:50). Then both the solution were mixa@dw stired on magnetic stirrer to accomplished
homogeneous mixture. The resulting solution wasrgebun a petri dish containing mercury. The solvent
were allowed to evaporate for 24 hrs. at 35° C7AZA. PVC foam tape (adhesive) and a release IBMW
Scotchpack” 1022) on either side of the film were applied andocclusive base plate (3MScotchpack”
9733) was placed between the adhesive and filnvaalahe possible interaction of drug with adhesavel

to complete the transdermal therapeutic systemlioiagide. The prepared transdermal gliclazide Ipesc
were store in dessicator until further use.

Tablel: Full factorial experimental design layout

Batch X1 X2
GLP1 -1 -1
GLP 2 0 -1
GLP 3 1 -1
GLP 4 -1 0
GLP 5 0 0
GLP 6 1 0
GLP 7 -1 1
GLP 8 0 1
GLP 9 1 1
Table 2: Amount of Variables in a 3 Factorial Design
Coded Level -1 0 1
HPMC (X1) mg 350 400 450
Eudragit (X2) mg 250 300 35(
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Collection and Preparation of the rat skin
Albino rat was killed by exposing to excess chloraf. Hair from the skin was removed with the help o

razor. Skin was excised from rat with scalpel aattyflayer was removed by keeping the skin in waraer

at 60° C. After 2 min fatty layer was peeled ofhthe and the skin was washed with water and kept fo
saturation in phosphate buffer pH 7.4 for aboutld before it was used for permeation studies.
Evaluation of transdermal formulation

Thickness of Film:

Thickness of the films was measured using Digitak® Gauge (Mitutoyo, Japan) at three different
places and the mean value was calculdfddThe construction of a film strip cut out from eugd loaded
matrix film is an indicator of its flatness. Longtinal strips (1.5%0.75cm) were cut out from thepgared
medicated matrix films. The initial length of eatim is measured, and then they were kept at room
temperature for 30 min. The variations in the lendue to non uniformity in flathess were measured.
Flatness was calculated by measuring constructiorstiips and a zero percent of construction was
considered to be equal to hundred percent flathéss
Folding endurances:

Folding endurances were measured to determine kifiey af patch withstand to rupture. Folding
endurance of films was determined by continuallgifay a small strip of film (2cm x 2cm) at the sapiace
till it broke. The number of time the film could belded at the same place without breaking waddling
endurance value of that prepared transdermal ifh The tensile strength was determined by using a
modified pulley system. It contains two clamps, ovees fixed and other was movable. The strip ofpgeh
(2 x 1 cnf) was cut and hold between these two clamps. Weigbktgradually increased on the pan, so as to
increase the pulling force till the patch brokeeThbrce required to break the film was considea aésnsile

strength and it was calculated as kgficm

Percentage of moisture content:
To determine the percentage of moisture conteantfitbms were weighed individually and kept in a

desiccators containing activated silica at roomperature for 24 hours. Individual films were weighe
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repeatedly, until they showed a constant weighte parcentage of moisture content was calculatetieas
difference between initial and final weight withspect to final weight*®. To determine the percentage of
moisture uptake a weighed film was kept in a dedars at room temperature for 24 hours was takéarma
exposed to 84% relative humidity in programmableiremmental test chamber until a constant weight fo
the film was obtained. The percentage of moistytake was calculated as the difference betweeh dimé
initial weight with respect to initial weigtf’.

Determination of Drug Content:

To determine drug content a 2 Tfilm was cut into small pieces, putted into a ¥ADof isotonic
phosphate buffer pH 7.4 and ultrasonicated for 8tutas, then the solution were shaken continuciasi24
hours. After filtration, the drug concentration warglyzed by using UV spectrophotometer at a waggte
of 226 nm and the drug content was determined.

Ex-vivo Drug Permeation study:

The Ex-vivo study of drug permeation through the rat skin wa$gpmed using a modified Keshary-
Chien type glass diffusion cell. This skin was meghbetween the donor and receptor compartmeriteof t
diffusion cell having capacity of 27ml. The transdal patch was placed on the skin and covered with
aluminum foil. The receptor compartment of the wkfon cell was filled with isotonic phosphate bufiéd
7.4 containing 0.5% of sodium lauryl sulphate. Tharodynamics in the receptor compartment was
maintained by stirring with a magnetic bead at tamsrpm and the temperature was maintained at 32 *
0.5°C because the normal skin temperature of humaR°C. The diffusion was carried out for 12 hoansl
1 ml sample was withdrawn at an interval of 1 holihe samples were analyzed for drug content
spectrophotometrically at 226 nm. The receptor phaas replenished with an equal volume of phosphate

buffer at each sample withdrawal.
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Solubility Enhancement of Gliclazide by Complex Fomation with Hydroxy Propyl B-
Cyclodextrin (HP g - CD) (GCD):
As the drug is very slightly soluble in water, @smplex were formed with HB-CD in the molar

ratio of 1:2 by kneading method. In this method (H€D was added in mortar, and a small quantity ¢650
v/v ethanol was added, while triturating to getsidike consistency. Then slowly the drug was ipavated
into the slurry and trituration was continued feutlior 1 hr at 75°C. After that it was dried at 6Qfor one
day, crushed, sieved and stored at temperaturg £#f20°C and relative humidity between 40-50%.
Preparation of Patch Containing Chemical Enhancers:

The patches were prepared by the same procedurdainaid for preparation of plain transdermal
patch except that in this preparation plane drugsaced with GCD and chemical enhancers weredadde
For T3 along with other ingredients 0.5 ml of prigme glycol was added, in T4, T5 and T6 0.5 ml 2.5%
5%, 10% solution of oleic acid in propylene glyeare added for the preparation of patches.

RESULT AND DISCUSSION
Compatibility studies of drug and polymers:
FTIR study was carried out to determine, whethareghis any physical or chemical interaction

between drug and polymer. The IR spectrum of pthing and overlay of physical mixture of drug with
polymer were compared. FTIR of plain drug and pteisimixture were shown in Fig.1 and Fig.2
respectively. From the IR spectrums it was cleat there was no change in peak positions of giidéaz

when mixed with the polymers. Thus there was neradtion between Gliclazide and polymers.

Figurel: FTIR spectra of Gliclazide.
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Figure 2: FTIR spectra of Gliclazide (Green) and Plgsical mixture of drug with HPMC, ERL (Blue)

The X-ray diffraction (XRD) pattern of pure drugdapatch are represented in Fig.3. The diffractograim
pure gliclazide and patch exhibited a series a#ngé peaks, which are indicative of their crystaifi In
case of patch, the total number of peaks has lekced due to use of HPMC as constituents of fiinthis
case, the dilution of drug due to excipients hakiced the intensity of peaks. This concludes thatany

polymorphic change has taken place in gliclazidenguhe preparation of patch.
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Figure 3: XRD pattern of pure drug and patch
Formulation of transdermal patches having uniform tickness:
Non uniform thickness in the patches shows diffeeeim their physical parameters as well as on the
release profile of the drug. To overcome this peobl we have determined the percentage contribution

each factor at each level and the patches wereag@e@@ccording to their contribution. Also the éislon
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which patch have been prepared were taken of umithameter (8.7cm). The maximum differences between
the thicknesses of patches were 0.02 mm, whiclcates that all the prepared patches of unifornkit@ss.
Evaluation of transdermal formulation:

The results of the characterization of the pat@resshown in Table no.3. The thicknesses of albtitehes
was nearly similar because to quantity of polymeese taken as per their percent of contributiom,ails
indicates physical uniformity indicative of theirystallinity. The thickness of the patches (withrying
ratios of HPMC, and ERL) varied slightly from 0.1 0.226 mm. The low values for standard deviation
indicate physical uniformity of the patches. Alktipatches were showed near to hundred percenesktn
which indicates negligible amount of constrictidritee prepared transdermal patches. Thus, patciesbt
constrict, when it is applied on the skin.

Table 3. Results of Thickness, Tensile Strength arfeblding Endurance

Code Thickness in mm Folding Endurancg Tensile Strength(Kg/cnt)
GLP1 0.19+0.03 141.33 £ 2.52 0.538 £ 0.002
GLP2 0.186667 + 0.006 136 + 2.00 0.525 +0.025
GLP3 0.186667 + 0.025 135.33 £ 1.53 0.514 £ 0.032
GLP4 0.186667 + 0.0271 147.33 £ 0.58 0.554 +£0.023
GLP5 0.186667 + 0.02( 143.33 £ 1.53 0.542 £ 0.032
GLP6 0.183333 + 0.015 140.33 £ 0.58 0.532 £0.010
GLP7 0.18 +0.01 153.66 £ 1.15 0.564 +0.021
GLPS8 0.183333 + 0.015 150.32 £ 1.53 0.554 +£0.030
GLP9 0.183333 + 0.005 146.34 £ 2.52 0.534 £ 0.035

*Indicates average * standard deviation (n=3)
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Folding endurance test results indicates thahallpiatches will withstand to rupture and would rteimtheir
integrity with general skin folding, when used. Tioéding endurance was measured manually andstitie
between 138 to 154. It was found to be high inlpegacontaining higher amount of the Eudragit. $fifeof

the film and the risk of film cracking were indiedtby its tensile strength. The prepared transdefitmes
were shown good tensile strength and there wasggnoo$ cracking in prepared transdermal film. Thigyht

be attributed to the addition of the plasticizeiethyl citrate. Plasticizers are generally usedmnprove the
mechanical properties of a polymer matrix. Tensitength was lies in between 0.517 to 0.567 K§/d¢he
difference depend on the composition of polymeidu3énere was increase in tensile strength witheiase

in Eudragit in the polymer blend. Also there wasrdase in the tensile strength with increasing the
concentration of HPMC.

Moisture content and moisture uptake studies indgthat, the increase in the concentration of dpfaitic
polymer i.e. HPMC was directly proportional to finerease in moisture content and moisture uptakbeof
patches. Eudragit is a hydrophobic polymer herfoeretis decrease in the moisture content with aseen
Eudragit concentration in the blend of polymer. Theisture content of the prepared transdermal filas
low, which maintains suppleness, thus preventingndr and brittleness. The moisture uptake of the
transdermal formulations was also lowhich protect the film from microbial contaminati@s well as
bulkiness of transdermal patch. Due to moistureakgtfrom the atmosphere, significant changes in
properties like increased porosity, increased pimeneter and reduced crushing strength has beenteep

for matrix film containing hydrophilic polymers n@ss shown in table no. 4

IJPT | Sep-2010 | Vol. 2 | Issue No.3 | 792-809

Page 802



Shinde A. J."et al. /I nternational Journal Of Pharmacy& Technol ogy

Table 4. Results of Moisture content, Moisture uptke, Drug content and Drug release

Formulation | % Moisture % Moisture % Drug % Drug
Code content uptake content release
GLP1 5.23+£0.12 10.31 £ 0.43 103.41 £+ 2.12 74.2714
GLP2 5.33+0.09 11.05+£0.23 98.44 £1.25 76.05461
GLP3 5.45+0.18 10.85 £ 0.65 02.64 £0.98 79.1.P58
GLP4 5.06 +0.14 10.48 +0.14 97.25+2.14 73.9602
GLP5 4.85+0.13 10.17 £ 0.36 04.24 £1.04 73.9758
GLP6 5.08 £0.19 10.43+£0.21 99.33 £ 1.06 74.59458
GLP7 4.15+0.08 9.53+ 0.58 101.17 £1.82 68.8145
GLP8 4.86+£0.14 9.52 +0.43 101.52 +2.14 72.1.35
GLP9 4,94 +£0.13 9.73 £0.59 99.31 +£3.41 78.18.14

*Indicates average * standdmdiation (n=3)
Determination of Drug Content:
Drug content of all batches were well within thega between 98.40 + 1.25 to 103.81 + 2.12 %. As per
shown result, it was much closed to 100%, mean® tiseno any loss of drug during the preparatiothef
transdermal patches and also there was homogeneruse of drug in polymer matrix.
Ex-vivo Drug Permeation study:
Release of the drug from transdermal patches wagatled by the chemical properties of the drug and
delivery form, as well as physiological and physivemical properties of the biological membrane. The
study was designed to formulate transdermal filnGbflazide using a polymeric matrix film showntable

no. Drug release profiles from different formulaiscare shown in Fig. 4.
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Figure 4: Drug Release Profile of GLP1- GLP9
The matrix allows one to control the overall reke@$ the drug via an appropriate choice of polynserd
their blends. The blends of polymers create sekffaision pathways to generate overall desireddeand
sustained drug release from the patches. The mannerhich drug release in most of the controlled /
sustained release devices including transdermahpatis governed by diffusion. The addition of tohilic
component to an insoluble film former leads to eweaits release rate constant. This may be due to
dissolution of the aqueous soluble fraction offilm, which leads to creation of pores and decredsaean
diffusion path length of the drug molecule to bieased. The batch GLP3 containing highest amount of
HPMC showed maximum release 79.17 %, The batch @obR#ining the higher proportion of the Eudragit
shows only 68.81 = 3.45% drug release within 12rsiowhich was the lowest amount of the drug release
among the all nine batches.
Effect of complex formation with HP § — CD on drug solubility and permeability:
In the present study complexation of drugs withl@gextrins has been used to enhance aqueous #ylubil
skin permeability and drug stability shown in tableThe result of complexation of drug with #R- CD
showed both increase in the permeation rate througimbrane as well as increase in the solubilitgdrofy
(Fig.5). The percentage of drug release from thraptex after 12 h was found to 89.25% compared with

GLP7 which showed only 67.71% release. The permedtiix of plain gliclazide patch (GLP7) was found
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to be 80.0Qug/cnf/h were as the flux of complex was 106 &ficnf/h. Hence, we can conclude that there is

increase in the permeation of drug from the complex

Table 5: Trials for Permeation Study

Trial Formulation

T1 Gliclazide

T2 GCD

T3 GCD + Propylene Glycol

T4 GCD + Propylene Glycol + Oleic acid (2.5%)

T5 GCD + Propylene Glycol + Oleic acid (5%

T6 GCD + Propylene Glycol + Oleic acid (10%)

90 7 T s
T w— L
80 - T_/.,;/r
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70 7 e ; [ 13
2 s0 A AT
5 - S e S
é 307 Y r -
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Figure 5: Comparison of drug release from GLP7 andsCD
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Effect of various penetration enhancers on ex vivpenetration of Gliclazide:

It is reported that cyclodextrins alone were deteed be to less effective as penetration enhanbtenrs
when combined with fatty acids and propylene gly@olHence, the synergistic effect of cyclodextrin and
other chemical enhancer have been done. The pd&octoiitaining propylene glycol (PG) and oleic acid
(10%) have shown highest flux rate compared witheotmixture. The permeation flux of Gliclazide in
Propylene glycol was very low. With the additionfafty acids, the permeation rates increased mérked
depicted in Fig.6. The highest maximum flux wasaated with the patch containing 10% oleic acid in
propylene glycol. Propylene glycol is known to haeéatively low skin cell toxicity and has been wig
used for formulation of transdermal delivery systerit was suggested that the probable mechanism of
propylene glycol is solvating alpha keratin andupyeng hydrogen-bonding sites, thus reducing drisgslie
binding. On the contrary, fatty acids are knowrbéoenhancers with lipophilic properties, and mangiss

have shown that the skin permeability enhancingot$f of fatty acids are greatest with propylenealy

vehicles.
300 1280.74
157.67
250 230.7
= 200
g 156.51
& 150
=
= 106.6
B 100 - 80
o
T1 T2 T3 T4 TS To
Trial
Figure 6: Permeation Flux of Gliclazide from Different Trial
CONCLUSION

The transdermal matrix patches of Gliclazide weapgared by film casting techniques on mercury dfate

of various penetration enhancers on the permeafi@liclazide were studiedzor this the batch containing
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10% solution of oleic acid in propylene glycol leetpermeation enhancer of choice for the percutaneo
absorption of Gliclazide. The prepared patches slogood uniformity with regards to their thickneswl
flatness. The patches were showed significantrigldindurance and tensile strength. The moisturtenbn
and moisture uptake were found to be in limit. Tinepared patches were showed good homogeneity with
regards to their drug content and drug rele&iseconclusion, the present data confirm the felsibof
developing Gliclazide transdermal patches.
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