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ABSTRACT

The purpose of this research was to develop a matrix-type transdermal therapeutic system containing Clonidine
hydrochloride with different ratios of hydrophilic and hydrophobic polymeric combinations by the solvent
evaporation technique. The physicochemical compatibility of the drug and the polymers was studied by Infrared
spectroscopy and U.V. spectrophotometry. The results suggested no physicochemical incompatibility between the
drug and the polymers. In vitro permeation studies were performed by using Keshary -Chien cell. The results
followed Higuchi kinetics (r = 0.9953-0.9979), and the mechanism of release was diffusion mediated. Based on
physicochemical and in vitro skin permeation studies, patches coded as B9 (Eudragit L-100-55: PVP K-30, 3:1) and
D2 (Eudragit L-100-55: HPC, 3:1) were chosen for further studies. The bioavailability studiesin rats indicated that
the Clonidine hydrochloride transdermal patches provided steady-state plasma concentrations with minimal
fluctuations and improved bioavailability of 82.12% (for B9) and 75.90% (for D2) in comparison with oral
administration. These patches go for further Skin and Sability studies. Skin irritation studies indicated that
formulation produced no or very mild skin irritation. Stability studies indicated that on the basis of first order
degradation kineticsand t o5 Shelf life was calculated to be 2.98 and 2.79 yrs.The developed transdermal patches
increase the efficacy of the therapy of hypertension.

Keywords. Transdermal, antihypertensive, Clonidine hydrodbier Polyvinylpyrrolidone, Hydroxypropyl
cellulose, Eudragit L100-55.

INTRODUCTION

A transdermal drug delivery system (TDDS) has maayantages over conventional modes of drug adtratisn,
in particular the avoidance of hepatic first-pastabolism, a reduction in the frequency of drug adstration, and
an improvement of patient compliance [Thus, transdermal administration is a potentialrepgh to overcoming
these problems with Clonidine treatment. A TDDSdistis of several components, including the actiggedient, a
pressure-sensitive adhesive (PSA), a permeatiomaneen, backing membrane and so on. A PSA fulfiis t
adhesion-to-skin functions and serves as the fation foundation. Because the physicochemical entggs of
PSA significantly affect the permeation rate afrag across the skin, the selection of an apprprRSA matrix is
of importance in designing a TDDS [2,3]. Permeatohancers can overcome the intrinsic resistanteeagtratum
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corneum, which results in an increase in the fliixth® active ingredient [4],therefore, we tried design a
monolithic adhesive matrix-type patch, which is siraplest among the various patches used in theeptetudy.

Clonidine hydrochloride is the most widely presedidrug in the long term treatment of hypertenskwilowing
oral administration, Clonidine hydrochloride is idlp absorbed from the gastrointestinal tract (d®0%) but the
oral bioavailability remains low (eg 23%) becaussignificant first-pass hepatic metabolism.

Clonidine also has a short plasma half-life of Xuis. Long term therapy of hypertension by Clorédral
administration may result in poor patient complermecause of low bioavailability and short plasnad-lkife,
leading to increased frequency of administration. éternate route of administration is needed. ffhesdermal
route is an alternative for administration of sulrugs. This route offers many advantages over thak dosage
form, such as improving patient compliance in ldagn therapy, bypassing first-pass metabolism amisg drug
delivery, maintaining a constant and prolonged dewg! in plasma, minimizing inter- and intrapatiemariability,
and making it possible to interrupt or terminagatment when necessary.Clonidine hydrochloridesgxses ideal
characteristics—such as a low molecular weight @6G&maller dose range (100pg), short plasma talfdnd poor
oral bioavailability—for formulation as a transdeinpatch. There are reports describing the usEuofragit L
(EL),HPC and PVP transdermal delivery systems &bl as other dosage forms for controlled releasérogs [5].
EL and PVP is freely permeable to water [6] Theaegdermal delivery systems are neither extretmgdyophobic
nor extremely hydrophilic. Therefore, varying tlaio of these polymers in the composition of thedi provides
control of drug release characteristics [7].

The aims of the present study were to (1) Develffierént matrix patches with various ratios of hyphilic and
hydrophobic polymer combinations such as hydroxppreellulose (HPC) and EL100-55 and (b) EL100 &5l
polyvinylpyrrolidone (PVP), containing Clonidine dinpchloride (2) Perform physicochemical charaction and
in vitro permeation studies through rat skin. Theppse was to provide the delivery of the drug eprtrolled rate
across intact skin to improve bioavailability angb@rtension control for longer period from transdak patches.

MATERIALSAND METHODS

Material required:

Clonidine hydrochloride was received as a gift slenfimm Kalindi Medicure Pvt. Ltd, Vapi (India). ED0-55 was
purchased from Rohm Pharma, HPC — from NISSO, R\{PEdhanol were used of AR grade. Other materisdsiu
in the study (Chloroform, Acetone ,Glycerol ,Pragy Glycol, PEG400,PEG200, Caster Oil , Dibutylplatea
,Potassium dihydrogen phosphate ,Sodium hydroxfdemonia solution, Tween80, Eucalyptus oil and Ethyl
cellulose) were of analytical grade. Double-distilwater was used throughout the study.

M ethod:

Physicochemical Compatibility of Drug and Polymer

The physicochemical compatibility between Clonidised polymers used in the patches was studied img us
Fourier transform infrared (FTIR) spectroscopy. Timérared (IR) spectra were recorded using an FTIR
spectrophotometer (FTIR-800, Punjab University, ii¢tigarh) by the KBr pellet method and spectra weoarded

in the wavelength region between 4000 and 400-cfine spectra obtained for Clonidine hydrochloridelymers,
and physical mixtures of Clonidine hydrochloridehypolymers were compared.

Preparation of Transdermal Films

The matrix-type transdermal patches containing idioe hydrochloride were prepared using differexttas of EL
100-55: PVP and EL 100-55: HPC (Table 1). The p@ssnin different ratios were increased to a toteight of
600 mg and dissolved iBthanol 95%. Clonidine hydrochloride (1.38% w/wpaflymer) was added slowly to the
polymer solution and mixed thoroughly to obtain @ifarm solution. PEG-400 was used as a plasticiZée
polymeric solution of drug was poured onto the mgysurface (29cA) and dried at room temperature in a dust-
free environment. After 24 hours, the films weré by circular with die and to “cut patches” adhestape was
applied on the backing side. Transdermal films v&oeed in a desiccatontil further use.
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Evaluation of Physicochemical Properties of Patches Thickness:

The thickness of the films was measured with tHp b&screw gauge, having the least counts of Or@Irhe film
was held between the jaws of the instrument andimga were recorded at five different points inkeéitm. This
prevented the sticking of the film to the jaws. Weshave been shown in the Table 1

Weight Variation:
The weight of the selected film patches (1.43cmas determined using the electronic balance (8ig60/A
deluxe).Results are given in Table 1

Folding Endurance;

The folding endurance value can be defined asritmber of times the film can be folded at the sawmiat without
breaking. This enables to determine the brittleiméske film, lesser the folding endurance morehhttleness. The
film patch was folded in the center between thgdmand thumb and then opened. This was called fadeg”.
The procedure was repeated till a crack appearbdeakage of the film occurred. The total numbefodds till the
break denoted the folding endurance value. Reartdtshown in Table 1

Table-1: Physical Characteristics of Selected Polymeric Films

Placebo film code  Thicknessof films (um)  Weight of films (mg)  Folding endurance of detached films

Mean (= SD) Mean (xSD) Mean (+SD)

A50 279 2.65 212 2.60 32 2.65
A53 165 2.81 230 2.89 33 1.00
A54 365 2.53 200 1.52 35 2.56
B9 170 2.64 248 154 112 2.65
B10 280 2.05 243 1.55 102 1.00
D1 218 1.00 250 2.59 78 2.89
D2 221 2.19 239 1.00 80 2.65
D4 201 2.65 243 2.00 65 261
D6 275 2.61 241 2.05 73 2.36
D7 28C 2.61 23t 2.0¢ 71 2.0C

D8 265 2.29 232 1.00 62 1.36
E4 175 2.64 211 2.35 79 1.00
ES 31E 2.6E 24¢ 2.1 75 1.0¢

In Vitro Skin Permeation Studies

In vitro skin permeation studies were performeduling a Keshary -Chien cell [8] with a receptor pamtment
capacity of 15 ml. The excised rat abdominal skaswnounted between the donor and receptor comparohéhe
diffusion cell. The formulated patches were placeg@r the skin and covered with paraffin film. Theceptor
compartment of the diffusion cell was filled witihgsphate buffer pH 7.4. The whole assembly waddfixe a
magnetic stirrer, and the solution in the recemtompartment was constantly and continuously stiusihg
magnetic beads at 500 rpm; the temperature wadaradd at 37 £ 0.5°C. The samples were withdrawdiftetrent
time intervals and analyzed for drug content spécmrometrically. The receptor phase was replegdstvith an
equal volume of phosphate buffer at each sampledwatval. The cumulative amounts of drug permeagdquare
centimeters of patches were plotted against time.

InVivo Studies

The animals used for in-vivo experiments were athdle Rabbit procured from the central animal hoafsthe
Department of Pharmacy, Bundelkhand University,nd8hdU.P, India). The animals were kept under stathd
laboratory conditions, at 25 + 1°C and 55 + 5%treéahumidity with a 12-hour light/dark cycle. Thaimals were
housed in polypropylene cages, 3 per cage, with diccess to a standard laboratory diet and watedetihes of
the institutional animal ethics committee weredualed for in-vivo experiment.

Skin Irritation Test

These were performed on six rabbits, rabbits waneet into 2 groups (n = 3), to evaluate the amit properties of
the drug Clonidine hydrochloride. For this purposee TDDS (B9-M) containing the drug was fixed arecear
(pinna) and a second placebo TDDS (D2) was fixethersecond ear’s pinna. Both the formulations vedicved

to remain place for 48 hours and were then remblre.conditions of pinna B9 was compared to thabD@f placebo
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affixed pinna, with respect to appearance of resinftere, wheals and rashes. The ear pinna was\aduséor 7 days
. Finally, the application sites were graded aciogrdo a visual scoring scale, always by the samestigator.

Fig. 1: IR Spectrum of mixtureof drug+ Eudragit L100-55 + pvpk-30

Fig. 2: IR Spectrum of mixtureof drug + Eudragit L100-55 + HPC

RESULTSAND DISCUSSION

Investigation of Physicochemical Compatibility of Drug and Polymer: The IR spectral analysis of Clonidine
alone showed that the principal peaks were obseatetave numbers 3087,1656,1443,1292, and 777cm
confirming the purity of the drug. In the IR spectf the physical mixture of Clonidine, EL100-55daPVP, the
major peaks of Clonidine were observed at wave rarmi2954,1724,1390,1160,2956, and 1291; cfor the
physical mixture of and Clonidine EL100-55, and HEt@y were observed at 2973,2881,1456,1081, afdcrs™.
However, some additional peaks were observed highphysical mixture, possibly because of the presesf
polymers. The IR results suggest that the drugpotgmers are compatible. Wade and Weller repoited HPC,
PVP, EL100-55 and other common polymers are popnlaontrolled- and sustained release matrix-tyatelpes
because of their compatibility with several drugs.
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Physicochemical Characterization of Patches: The results of the physicochemical characterizatibthe patches
are shown in Table 1. The weights ranged betwe@mafand 250 mg, which indicate that different hat patch
weights were relatively similar. Good uniformity affrug content among the batches was observed Wlith a
formulations. The thickness ranged betweenl165ug3&3dug. Folding endurance test results indicaled the
patches would not break and would maintain theegrity with general skin folding when applied.

In-Vitro Skin Permeation Studies: The in-vitro release profile is an important tooat predicts in advance how a
drug will behave in-vivo [9] The results of in-vitro skin permeation studiesGbnidine hydrochloride from
transdermal patches are shown in Figures 3. Thailative amount of drug released from formulatiohs4cnf)
B9and D2 (0.1800 mg/crand 0.1469mg/ci was high when compared with release from othenitations.
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Fig. 3: In-vitro permeation profile through skin for clonidine hydrochloride from transder mal patches with different proportions of
used polymers.

Unlike the formulations A50, A53, A54, B10, D1, Dag, D7, D8, E4, E9 the formulations B9 and D2acéita
high cumulative amount of drug permeation at the @48 hours. When the permeability coefficiergg(re 3) of
3 of them formulations were compared, B9 and D2ewleund to have similar permeability coefficientedahe
highest levels of release. Based on physicocheraitdlin-vitro release experiments, B9 and D2 wér@sen for
further in-vivo studies.

Skin irritation Test: The skin irritation test of the transdermal forniidas B9and D2 showed a skin irritation
score (erythema and edema) of less than 2 (Tabkc2prding to Draize et al, compounds producingres of 2 or
less are considered negative (no skin irritatidi®] [Hence, the developed transdermal formulationgraeeof skin
irritation.

Table-2- Skin irritation scores of for mulations B9 and D2

Intact skin Abraded skin
Formulation code Rabbit no. _24hrs 72hrs 24 hrs 72hrs
A* B** A* B** A* B** A* B**

1 0 0 0 I 0 0 0
B9 2 1 0 0 0 1 0 0 0
3 0 0 0 0 2 0 1 0
1 0 0 0 0 2 0 1 0
D2 2 1 0 1 0 1 0 1 0
3 0 0 0 0 1 0 0 0

Where A* =erythema and scar formation score and B** =edema formation score
*Erythema scale: 0, none; 1, slight; 2, well defined; 3, moderate; and 4, scar formation.
tEdema scale: 0, none; 1, slight; 2, well defined; 3, moderate; and 4, severe.
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Table-3: Skin irritation scoresof formulation B9 and D4 (calculation of other parameters)

Formulation code _ Rabbit no. Intact skin (i) Abraded skin (ii)
24 hrs*  72hrs*  24hrs* 72 hrs*

Combined averages (i +ii)

1 1 0 1 0
.....BY > 1 0 1 0 0.58
3 0 0 2 1
Average 0.33** 0.83**
1 0 0 2 1
D2 2 1 1 1 1 0.66
3 0 0 1 0
Average 0.33* 1.00**

* Total of Aand B from Table-L2s
** Average of all six readings of 24 and 72 hrs
i.e. (1+1+0+0+0+0)/6 = 0.33
Combined average was calculated as (0.33 + 0.88)/2 = 0.58 for formulation B9 AND
(0.33 + 1.00)/2 = 0.66 for D4

CONCLUSION

It could be concluded that Clonidine HCI, an Amypertensive drug could be administered succegdium the
monolithic matrix transdermal therapeutic systesyedoped in this study, for controlled release aveeriod of 48
hours. The system was free of any hazardous stiation. Further work is required to establish th#ity of this

system though long-term pharmacokinetic studieswonan’s subjects.
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