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ABSTRACT

Transdermal films of carvedilol were prepared bg Holvent evaporation technique with combination of
different polymers such as EC: PVP K-30, EC: HPMEL3M, EC: Carbopol-934. During the
optimization of various formulations, polymer ratiof 6:4 and 8:2 amongst the all combinations of
various polymers ratio were taking into considesatito develop and evaluation of tansdermal filnbs. |
was optimized on the basis of film's uniformity|ditag endurance and transparency. Total six
formulations were selected (A-1 to A-6) for furthevaluation. The prepared patches possessed
satisfactory physicochemical characteristics. Thess, mass and drug content were uniform in prepare
batches. In vitro permeation studies were performsitig a Franz diffusion cell across hairless atbin
rat skin. On the basis of physicochemical evaluegtiand In-vitro drug permeation study, A-3 and A-5
were chosen as the best films and among the bebapation, only A-5 was found to have maximum
permeation, maximum steady state flux and maximermgability coefficient and kinetic model proved
that permeation of drug was followed the first ardete. The patches were seemingly free of potintia
hazardous skin irritation. In-vitro drug permeatigtudy, the percent of drug permeated was found to
maximum 95.44 and 90.12% from A-3 and A-5 filmeetpely. Based on physicochemical and in-vitro
release experiments, A-3 and A5 chosen as thefitrast among both only A-5 was found to have
maximum release, maximum steady state flux andmoaxipermeability coefficient.

Key words: Transdermal film, Carvedilol, Ethyl cellulose, P¥XP30, HPMC K15M., Carbopol
934.

INTRODUCTION

Carvedilol is widely used for the therapeutic maragnt of hypertension, congestive heart
failure. Carvedilol is a novel, multiple-action davascular drug that is currently approved in
many countries for the treatment of hypertensidme feduction in blood pressure of carvedilol
results primarily from beta-adrenoceptor blockagd sasodilatation. These actions as well as
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several other carvedilol activities are associatéth cardio protection in animal models that

occurs to a degree that is greater than that obdemith other drugs. The multiple actions of
carvedilol may also provide the underlying ratien&dr the use of the drug in the treatment of
coronary artery disease and congestive heart éalLir Carvedilol is well absorbed from the

gastrointestinal tract but is subject to considierdibst-pass metabolism in the liver; its absolute
bioavailability is about 25%. It has a half-life 82 £ 0.3 h; longer half-lives of about 6 h have
been measured at lower concentrations [2, 3].

Carvedilol was chosen as the model candidate Hmr $tudy since it possesses near ideal
characteristics that a drug must have in formugpntransdermal drug delivery system: low
molecular mass, high lipid solubility, effective low plasma concentration as well as a high
degree of first-pass metabolism. It also meansipteldaily administrations with subsequent
lack of patient compliance. The aim of this studgswio develop and evaluate transdermal
patches of carvedilol so as to prevent its firdgspametabolism and achieve controlled release. It
is drug of choice for hypertension but it has sakvdrawbacks such as short biological half life,
readily metabolized in liver primarily by cytochren450 isoenzyme, CYP 206 and CYP 209
and has a lower oral bioavailability. These factorsaddition to its low molecular weight
(406.05), low melting point (117°C), high lipid sbility and effective in low plasma
concentration necessitates the formulation of sustlarelease transdermal drug delivery system
for carvedilol [4-7].

Polymers such as Ethyl cellulose, PVP K-30, HPMGMIland Carbopol 934 were selected on
the basis of their adhering property and non toxitd prepare Carvedilol transdermal films.
Transdermal drug delivery system is a most suitabem for a long-term treatment or for a
multi dose treatment because different transdepataihes are prepared for a long period of time
in a suitable dose proving treatment from a dagvien up to seven days. In this study Carvedilol
transdermal films were prepared with combinatiowliféferent polymers such as EC: PVP K-30,
EC: HPMC K-15M, EC: Carbopol-934. Formulations wirgher evaluated on the basis of their
physicochemical properties, in-vitro drug permeaatgiudy and surface pH of the film. For
physicochemical evaluation it was found that thegs) weight variation, moisture content, drug
content, folding endurance and flatness of the gmeap transdermal films. In-vitro drug
permeation study, the percent of drug permeatedfeeasd and based on physicochemical and
in-vitro release experiments, chosen the bessfldimong all the formulations and found which
one having maximum release, steady state fluxpaneheability coefficient. The main objective
of this current study was to develop a potentietiynpetitive product by optimizing screening of
various formulations variables to provide the dedwof the drug at a controlled rate across the
skin.

MATERIALS AND METHODS

Carvedilol, HPMC K4 M, PVP K30, Carbopol-934 werbtained as gift sample from Zydus
Cadila, Ahmedabad. Ethyl cellulose, PEG 200, PV& mi®Octanol were procured from Cental
Drug House (P) Ltd. Mumbai. Methanol, potassiumydiogen phosphate, sodium chloride,
chloroform were procured from Ranbaxy fine chensichidia.

Optimization of Placebo Polymeric Films

Preparation and optimization of placebo polymeitio ivas mandatory to prepare finally drug-
loaded polymeric film. Optimization of placebo pwigric films were done by making total five
trials that were performed consequently for eaclyrper combination i.e. EC:PVP K-30;
EC:HPMC K15 and EC: Carbopol-934 respectively. Ihod the following trials (Table 1)
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optimization almost based on the total polymergyiveand different polymer ratios whereas rest
parameters were remained constant during optimizgirocesses.

Same surface area of Petri dishes were used i.87c& to prepare all polymeric films.
Backing membranes of 4% (w/v) polyvinyl alcohol @@\solution (5 ml) were dried at 60°C for
6 h in hot air oven and placebo polymeric films evdried at 40°C for 6 h in hot air oven.

Preparation of Transdermal Films

Drug free film was prepared by using the solvemtparation method. The bottom Petri dish was
wrapped with aluminum foil on which the backing nm@ane was cast by pouring 4 %(w/v)
polyvinyl alcohol (PVA) solution (5 ml) prepared tbdissolving in double distilled water
followed by drying at 60°C for 6 hr in hot air oveAfter the drying backing membrane,
different polymers were mixed in chloroform contam30 % (w/w) PEG-200 of total polymer
composition and 5ml of the polymer solution wasnedun the Petri dish and an inverted funnel
was placed on the Petri dish to facilitate the evafion of solvent at controlled manner over a
drying period of 6 hr at 40°C.The film was retridviey cutting with surgical knife and kept in
the desiccators for further evaluation. All of tharameters optimized during preparation of
placebo polymeric film were remaining same for dlogded polymeric film except amount of
the drug.

Drug loaded polymeric film was prepared in simiaanner except that 16 mg (2.5 % w/w of

polymer composition) of carvedilol dissolved in Schlloroform and it was added in the polymer

solution containing plasticizer. Different formutats were prepared by using each polymer ratio
of 6:4 and 8:2 of EC: PVP K-30; EC: HPMC K15 and: EXarbopol-934 (Table II).

Evaluation of Transdermal Film

Thickness

The thickness of the each patch was measured ssiegyv gauge at different positions of the
patch and the average was calculated [8].

Weight variation
Weight variation was studied by individually weiggi 10 randomly selected patches (46.57
cnt). Such determination was performed for each foatiwom [9,10].

Folding endurance

Folding endurance was determined by repeatedlynigldne film at the same place till it broke.
The number of times the film could be folded at $hene place without breaking/ cracking gave
the value of folding endurance [11].

Moisture content

The patches were weighed individually and kept ideaiccators containing activated silica at
room temperature for 24 h. Then, the final weighswoted when there was no further change in
the weight of the individual patch. The percentafemoisture content was calculated as a
difference between initial and final weight wittspect to final weight [10].

Drug content uniformity

Three longitudinal strips were collected by cuttof§three zones from each film: one from the
centre, one from the left side and one from thbtrigde. Films of 0.64 chareas from each zone
were dissolved in 200 ml of methanol and the voluvas made up to 100 ml with same solvent
and placed on electronic shaker for 1h to dissotvapletely films in methanol. The solutions
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were filtered through a 0.45 um membrane, dilut@thbly and absorbance were noted at 242
nm in a double beam UV-Visible spectrophotometeod®-1700, Shimadzu, Japan) against a
blank that was prepared using a drug-free patctedesimilarly after that drug content was
calculated [11] and tabulated in Table III.

Flatness study

Three longitudinal strips were collected by cuttof§three zones from each film: one from the

centre, one from the left side and one from thbtrgide. The length of each strip was measured
and the variation in length because of non-uniftyrm flatness was measured by determining
percent constriction, with 0% constriction equiveleo 100% flatness [10, 12].

% Constriction = [(-I2) / 15] x 100

Where, {= initial length of each strip
#= final length of each strip

Fourier Transformed Infrared Spectroscopy

The drug loaded transdermal film was analyzed bylRETo confirm the chemical interaction
between the drug and polymer using the thin filRR.spectrums were scanned on a model, RX-I
FT-IR system, Perkin Elmer, USA in the range of-4&000cn [13].

Differential Scanning Calorimetry

The physicochemical compatibility between Carvddidod polymers used in the patches was
further studied by using differential scanning caetry (DSC Q10 V9.4 Build 287, TA
Instruments, USA). In DSC analysis, the samplesewegighed (2 mg), hermetically sealed in
flat-bottom aluminum pans, and heated over a teatper range of 50 to 150°C and 50 to 250°C
in an atmosphere of nitrogen (50 mL/min) at a camstincreasing rate of 10°C/min. The
Thermograms (Fig. 2) obtained for Carvedilol, potyshnand formulations of Carvedilol with
polymers were compared [11].

X-ray diffraction studies

X-ray diffraction studies (Fig. 3) were carried quhysical mixture and drug containing
transdermal film using the XRD technique with modé€Pert-Pro diffractometer system
PANalytical, The Netherlands. XRD studies were @ernied on the samples by expose them to
Cu K-u-1 radiation (45kV, 40mA) and scanned from 2 to 2@°at a step size of 0.0170 and

a step time of 20.0271 s [14-16].

Surface pH of the Film

Transdermal films were allowed to swell for 2 IB&tC on the surface of an agar plate, prepared
by dissolving 2% (w/v) agar in worm isotonic phoafghbuffer of pH 5.5 under stirring and then
pouring the solution into a Petri dish till gellirg room temperature. The surface pH was
measured by means of a pH paper placed on theswfahe swollen patch. After 90 s the color
developed. The mean of six reading was recordedadndated in Table IlI.

In-vitro Permeation Studies

In vitro skin permeation studies were performed by usifgaaz diffusion cell with a receptor
compartment capacity of 50 ml. The excised rat abdal skin was mounted between the donor
and receptor compartment of the diffusion cell. Tdérenulated films were placed over the skin
and covered with paraffin film [16-18]. The receptmmpartment of diffusion cell was filled
with phosphate buffer pH 7.4. The whole assemblg We&ed on a magnetic stirrer and the
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solution in the receptor compartment was constaautig continuously stirred using magnetic
beads at 50 rpm; the temperature was maintaine8740.5°C. The 2 ml aliquots were
withdrawal at different time intervals (0, 30, @), 120, 150 and 24 h) and analyzed the drug
content by UV-Visible spectrophotometer (Model-17@&himadzu, Japan) at 242 nm. The
receptor phase was replenished with an equal volhfrpbosphate buffer (37°C) at each sample
withdrawal, the cumulative amount of drug permeagted square centimeter of patches were
plotted against time. Percent drug permeated agddoDRP was calculated and tabulated in
Table IV.

Data Analysis

For each experiment skins from at least threewate used. Concentration of Carvedilol sample
were analyzed, and the cumulative amount permeaigidnt) was plotted against time. The
steady state fluxes “J” (mcg.¢nr?) was determined from the slope of the linear partf the
graph and tabulated in Table.VI

Permeability Coefficient K (cm.hr?) is expressed as, K, :Ci

0
Where G = concentration of drug in donor phase and J x Flu
The values reported are mean from at least thrperigments regarding steady state flux and
permeability coefficient and tabulated in Table Vhe rate and the mechanism of drug release
were analyzed by fitting the diffusion data into@erder equation, Q=§Xot, where Q is the
amount of drug released at time t, agdskthe release rate. First order equation, In (@glk;t,
where k is the release rate constant and Higuchi s equafle kt'?, where Q is the amount of
the drug released at time t angdi& the diffusion rate constant. The diffusion daias further
analyzed to define the mechanism of release byymyplthe diffusion data following the
empirical equation,

M/ M, = K.t

Where, M/ M,, is the fractional release of drug; M the amount released at time t, i8lthe
total amount of drug contained in the transderniai, ft is the release time, K is a kinetic
constant and is the diffusional release exponeticative of the release mechanism of drug
release from the formulations during diffusion s [12, 19-20].

Scanning Electron Microscopy (SEM)

Sample, for the SEM was prepared by sprinklingfilne on one side of a double adhesive stub.
The stub was then coated with gold under vacuume(Eoat, in sputter, EC-1100). The films
were then observed under the scanning electronostdope (JEOL, JSM-6360 Scanning
Electron Microscope, Japan) at 15Kv. The sampletude blank film (without drug), film
before and after carrying out the permeation stui8].

Stability Studies

Accelerated stability testing was conducted forda¥s at different temperatures: 4, 45, and
60°C. At specific intervals of time (Day 5, 10, 1A), 25, and 30), patches were taken out to
assay their drug content, appearance, and tex(ie [
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RESULTS AND DISCUSSION

Preparation andptimization of placebo polymeric filmwas mandatory to prepare finally drug-
loaded polymeric film. Optimization of placebo pwigric films were done by making total five
trials that were performed consequently for eaclyrper combination i.e. EC:PVP K-30;
EC:HPMC K15 and EC: Carbopol-934 respectively. Ihod the following trials (Table 1)
optimization almost based on the total polymergyiveand different polymer ratios whereas rest
parameters were remained constant during optimizgiiocesses.

Drug loaded polymeric film was prepared in similar manner which was followedthe
optimization process, except that 16 mg (2.5 % wiwpolymer composition) of carvedilol
dissolved in 5ml chloroform and it was added in gutymer solution containing plasticizer.
Different formulations were prepared by using epalymer ratio of 6:4 and 8:2 of EC: PVP K-
30; EC: HPMC K15 and EC: Carbopol-934 (Table II).

The thickness for various formulations ranged between 0.09+0.6182.21+0.020 (Table IlI).
The deviation in the thickness was within the Isnias it gets confirmed by low standard
deviation for thickness. In case of A-3 and A-4, && HPMC K15M containing formulations,

it has been seen with increases of HPMC conteckrnbiss was increased consistently but which
was not observed in case of EC: Carbopol 934 fatiaris. It may be due to the gel forming
properties of Carbopol, where as PVP do not comigilsignificantly towards thickness building
as compared to HPMC and Carbopol.

Thetotal weight for various formulations ranged between 839 + @®840.9+1.52 (Table IlI)
The deviation in the weight was within the limits i get confirmed by low standard deviation
for weight (Table Ill). It was observed that theigie of the patches was increasing gradually
with increase of HPMC content. The weight of thécpas increased with increase in thickness
of the respective patches the thickness of thehpatwere increased. The individual total weight
in mg/46.57 crhiwas shown in Table lIl.

Table. I. Compositions of various Trails for Optimization of Placebo Polymeric Films of Different polyneric

combination
Total Polymers Polymer  Observation (OEtg'ﬂ\é?\jllgn Observation
Weight ratios * (EC:PVP K-30) KlSM) (EC:Carbopol-934)
2:8 6:4- Uniform film was
oA not found and Uniform film was Uniform film was not
1. 390 mg 7.3, 8:2; .
) flaking was not found. found.
9:1
observed.
Non uniform and Cracking was Non uniform film was
2:8 thin film was 9 having clumps of
observed.
found. Carbopol.
Poor folding Poor folding
6.4 endurance and endurance and non Non uniform film and
' non uniform film  uniform film was cracking was observed.
was found. found.
2. 580 mg . ' Non uniforms and : .
. Non uniform film ' Non uniform film was
7:3 cracked film was
was found. found.
observed.
Poor folding Poor folding Poor folding endurance
. endurance and endurance and some 2 .
8:2 . . and non uniform film
non uniform film  black spots were
was found.
was found. observed.
9:1 Film was uniform  Film was uniform Clumps of Gapol
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but folding but folding polymer were
endurance was  endurance was poor.observed.
poor.
2:8; 6:4; Uniform film was Uniform film was not
3. 780 mg 7:3,8:2; not found and not Film not well dried. found and not well
9:1 well dried. dried.
) Transparent .bUt Transparent but not Transparent but not
2:8 not uniform film - ;
uniform was found. uniform was found.
was found.
Film was uniform Film was not found
6:4 Film was not but some black uniform and clumps of
' found uniform. spots were Carbopol polymer were
observed. observed.
Film was uniform _. . . .
but folding Film was uniform Film was uniform and
4 663 m 7:3 endurance was but folding transparent but folding
' 9 poor endurance was poor.endurance was poor.
Film was uniform Non uniform film,
82 and folding poor folding Film was not well
) endurance was endurance and film dried.
poor. was not well dried.
Film was not found
91 Film was not well Film was not well uniform and clumps of
' dried. dried. Carbopol polymers
were observed.
. Film was found
Film was found . .
) uniform and Film was found
. uniform but . .
2:8 ) transparent but uniform but folding
folding endurance )
folding endurance  endurance was poor.
was poor.
was poor.
Film was found Film was found Film was found
6:4 uniform and uniform, transparent uniform, transparent
' folding endurance and having good and having good
was good folding endurance. folding endurance.
Film was uniform Film was uniform Film was uniform but
5. 624 mg 7:3 and. having good but having poor some clumps of
folding folding endurance polymer were
endurance. 9 " observed.
Film was uniform _. . Film was found
; Film was uniform .
. and having good . uniform, transparent
8:2 . and having good .
folding foldina endurance and having good
endurance. 9 " folding endurance.
Film was not Film was not found
. found uniform Extremely thin film .
9:1 . uniform and not well
and it was was found.

extremely thin.

dried.

*Polymers ratios considered as written in obsergatcolumns

The values of théolding endurance for all formulations are tabulated in Table 3. Thd and

A-2 films made of EC and PVP K-30 showed a foldemgdurance of more than 16 and 14
respectively. The A-3 and A-4 films made of EC atMC K15M showed folding endurance
more than 10 and 8 respectively. In comparison Vitns made by EC:PVP K-30 and
EC:HPMC K15M, The films (A-5 and A-6) made of ECdarCarbopol, showed folding
endurance more than 50, it means films made of dpamibwas having better folding endurance
compared to films containing PVP K-30 and HPMC K15M
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Tab. II: Composition of Different Optimized drug loaded polymeric films

S N | dient Formulations Code

- NO- ngredients Al A2 A3 A4 A5 A6
1. Ethyl cellulose (EC) in mg 3744 499.2 374.4 299 374.4 499.2
Polyvinyl pyrrolidone K-30

2. (PVP K-30) in mg 249.6 1248 — — — —
Hydroxypropyl methylcellulose . . . -
K15M (HPMC K15M) in mg 2496 124.8
Carbopol- 934 in mg — — — — 249.6 124.8
Carvedilol (2.5% w/w _o_f _ 16 16 16 16 16
total polymer composition) in mg

0,

6. PVA (4% wiv of t_qtal . 5mi 5ml 5ml 5ml 5ml 5ml

polymer composition) in ml
- 0,

7. PEG200(@E0%wh 0.2ml 02ml 02m 02m 02ml 02ml
of total polymer composition)

8. Chloroform 15m 15ml 15ml 15ml 15ml 15 ml

Moisture content studiesindicated that the increase in the concentratidmydrophilic polymer
was directly proportional to the increase in maistaontent of the patches. Moisture content of
A-1 and A-2 films were found in the range of 3.17k%0 4.21+3.4% (Table IIl), which shows
least moisture content compared to other films.dWoe content of A-3 and A-4 films was found
in the range of 4.12+2.9 to 5.06+2.4% which havwimgre moisture content in compared to A-1
and A-2 films due to hydrophilic nature of HPMC KM5n A-3 and A-5 films. The moisture
content of A-5 and A-6 films was found in the rangfe4.79+2.2 to 5.68+£3.4 which having
greater moisture content in comparison of othendijl due to presence of more hydrophilic
nature of Carbopol 934. The moisture content ofpfiegpared formulations was low, which could
help the formulations remain stable and reducédmiéss during long term storage. Although the
moisture uptake of the formulations was also loms tcould protect the formulations from
microbial contamination and reduce bulkiness.

For various formulations, the drug content in aoéa.64 cni was between 0.210+0.031 to
0.232+0.021mg (Table IIl). The drug content of firepared formulations has shown that the
process employed to prepare transdermal fiimsigdtudy was capable of giving films with a
uniform drug content and minimum batch variability.

The flatness studyshowed that all the formulations had the same $ngth before and after
their cuts, indicating 100% flatness (Table Ilhuk, no amount of constriction was observed;
all patches had a smooth, flat surface; and thatofimsurface could be maintained when the
patch was applied to the skin.

Surface pH of the Film

The surface pH of the polymeric patches ranged é&tvb to 7 (Table I1l) which falls with in the
pH range of skin i.e. 4.0-6.5. Further, the surfpkledata reveals that upon increase in Carbopol
concentration the surface pH of the formulationdaodg acidic media. Fergamy al. suggested
that excess concentration of Carbopol in the foatioh may cause irritation to the skin due to
its acidic nature [8, 9]. That is why formulatioantaining Carbopol, its concentration should be
optimized and it was further confirmed by condugtihe skin irritation studies.
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Tab. Ill. Physicochemical Characteristics of Trans@rmal Films

S

@ . N 2 .
c . [72] [a] —~0 [J) o
S3 3 5 8_a E€8 oo wx £ES 2 g
s ) 8. E S E +H =2+ = 285 o+ o ©
= ) T ©O > S Ec =5 c S5 o c O = c E8 €%
=S S T 2 £°§ gg§ €2 8387 g%§ i 3
2 S . =3= L 2ES

o A~
A-1 EC:PVP K-30 6:4 0.09 +0.012 840 £ 0.75 >16 4234 0.232 +0.021 100 =6-7
A-2 EC:PVP K-30 8:2 0.10 £0.013 839 + 0.92 >14 3171 0.219+0.018 100 =6-7
A-3 EC;;'SPMMC 6:4 0.21+0.014 840.7 +1.62 >10 506+24 0.2IxAH1 100 =6-7
A-4 E%TSPMMC 8:2 0.21+ 0.020 840.9 £+1.52 >8 4.12+29 0.210031 100 =6-7
A-5 EC:CP-934 6:4 0.11+0.016 840.5+2.43 >50 5634 0.227 +0.043 100 =5-6
A-6 EC: CP-934 8:2 0.11+0.014 840.4+1.46 >50 942.2 0.223+0.025 100 =5-6

In-Vitro Skin Permeation Study

Release of the drug from transdermal patches isated by the chemical properties of the drug
and delivery form, as well as physiological and gpbgchemical properties of the biological
membraneln Vitro skin permeation experiments are known for theluedor studying the rate
and mechanism of percutaneous absorption of dr@@sl3]. In this experiment, variable
permeation profile of Carvedilol from the differemtperimental transdermal films (0.64 Jm
compared with various blends of different polymeEs;, PVP K-30, HPMC K-15M and
Carbopol-934. The percent of drug permeated a#leh &f the experiments which was found
between the ranges of 69.54% to 95.44% (Table TWg percent of drug permeated after 24 h
was found to be maximum 95.44% and 90.12% from @batron A-5 and A-3 respectively
(Table IV).

Tab. IV. In Vitro permeation of Carvedilol across the Rat Skin fromvarious Transdermal Films

Time % Drug Permeated (Mean £ S.D.)

(min) A-1 A-2 A-3 A-4 A-5 A-6

0 0.000+0.00 0.000+0.00 0.000+0.00 0.000+0.00 @O0  0.000+0.00
30 9.191+1.19  8.042+0.64  13.096+0.82 10.821+0.72.033#2.34 11.095+0.31
60 16.197+2.18 14.157+1.22 20.038+0.61 17.075+1.20.043+1.98 18.482+0.78
90 21.067+0.12 19.777+0.65 26.090+0.32 21.856+0.37.011+1.06 23.634+0.70
120 26.217+0.31 26.802+0.26 32.001+0.52 26.901+0.83.056+0.54 28.634+0.56
150 29.189+0.75 30.017+0.82 34.014+0.61 30.955+0.33.1+0.87 32.099+0.45
360 45.0+0.23 40.877+0.25 50.080+0.85 45.736+0.32.0&0.92  47.296+0.99
1440 80.916+1.81 69.546+0.57 90.127+0.87 76.835%#0.85.441+1.00 81.957+0.88

The process of drug release in most controllechsglalevice is governed by diffusion, and the
polymer matrix has a strong influence of the diffitg as the motion of small molecules is
restricted by the three-dimensional network of pady chains. The alteration of the cross linking
and the modification of structural arrangementspofymers by using different blends of
polymers already reported. So, different drug pemime profiles from various formulations
could be attributable to the varied cross linkiregworks of polymeric chains of the different
blends of polymeric transdermal experimental foatiohs as tortuosity and diffusion pathway
varied, and they thereby have been reported totharyelease of drug and duration of diffusion.
In in-vitro skin permeation experiments also, as the condentraf hydrophilic was increased,
the amount of drug permeated was increased. Thysbma result of the initial rapid dissolution
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of the hydrophilic polymers when the patch is imtamt with the hydrated skin, which results in

accumulation of high amount of drugs on the skiriae and thus leads to the saturation of the
skin with drug molecules at all time. The rapidsaisition of the aqueous soluble fraction of the
film also leads to the formation of pores, and leehnigher release rate.

Permeation studies

To examine the drug permeation kinetics and meshanihe data were fitted to models
representing zero-order; first-order, Higuchi andrésmeyer-Peppas [1IPermeation of the
drug from a transdermal drug delivery system maimiyplves the factor of diffusion. Diffusion
is related to the transport of the drugs from aadesmatrix into than vitro study fluid,
depending on the concentration. As the gradienesathe drug is released, and the distance for
diffusion becomes increasingly greater. This cdagdan explanation as to why the drug diffuses
at a slower rate as the distance for diffusionaasesThe kinetic parameters of drug permeation
for different formulations were presentedTiable V. In our experiments the in vitro permeation
profiles of all formulations did not fit into zemrder (R = 0.8754 to 0.9355) they could be best
expressed by the first-order (0.9593 to 0.9977) Hiwgichi equation (R= 0.979 to 0.9919) for
the permeation of drug from a homogenous-polymerimgype delivery system that depends
mostly on diffusion characteristic¥he percent of drug permeated in 24 h was founbeto
maximum 95.44% and 90.12% from formulations A-5 &n8 respectively. It has been confirm
from the Table 5 that permeation of drug from filfolowed both first orderR? =0.9975 and
0.9977) and Higuchi modeR{ = 0.9909 and 0.9869). The data was further treasepea the
following equation for confirming the Koresmeyergpas model.

Mi/ M, = K.t"

Where, M/ M,, is the fractional release of drug; M the amount released at time t, 8l the
total amount of drug contained in the transdermiai,ft is the release time, K is a kinetic
constant and is the diffusional release exponaticative of the release mechanism [13-Fa)
Film A-3 (n=0.489) and A-5(n=0.492) has n value m&a 0.5, it means drug permeation
followed Fickian diffusion mechanism because if i=@hich stands, for Fickian diffusion other
films was also followed Fickian diffusion becaussrin value was just over the 0.5 value. The
permeability coefficients was tabulated in Tablar®l when it was compared to each other, it
has been seen only A-5 formulation was the maxinp@mmeability coefficient compared to
other formulations and it was the highest leveldaig release from the film. Based on the
physicochemical anth vitro permeation studies, it has been shown A-3 andwa$ the best
film. Among the both these two films only A-5 fortation was found to have maximum drug
permeation (Table IV), maximum steady state flug aEraximum permeability coefficient (Table
VI).

Tab. V. Kinetics Models ofln Vitro Carvedilol Permeation across Rat Skin from Transdamal Films

: Zero-Order First-Order Higuchi Model Koresmeyer-Peppas
Formulation Model

CodeNo. \ ‘mgmin) R Kk (min? R I'f;iflr.?,%)' R? n k R
A-1 0.0459 0.9223 0.00115 0.9911 2.1977 0.9919 0.540.0211 0.9752
A-2 0.0381 0.8754 0.00069 0.9593 1.9632 0.9664 9r530.0237 0.938
A-3 0.0493 0.9287 0.00161 0.9977 2.4942 0.9869 9D.48.0307 0.9852
A-4 0.042 0.9029 0.00092 0.9799 2.1583 0.979 0.5@R0291 0.9799
A-5 0.0526 0.9355 0.00207 0.9975 2.6172 0.9909 22490.0297 0.9885
A-6 0.045 0.9133 0.00115 0.9895 2.2844 0.9834 (@.504.0285 0.9774
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Tab. VI. Steady State flux () and Permeability Coefficient (K;) data of Various Formulations (A-1 to A-6)

FC (39 (K5)
Mean + S.D. Mean +S.D.
A-1 0.101+0.007 0.431+0.02
A-2 0.101+0.006 0.457+0.004
A-3 0.120+0.002 0.476+0.002
A-4 0.102+0.006 0.472+0.007
A-5 0.210+0.001 0.881+0.003
A-6 0.102+0.004 0.44+0.009

FC-Formulation Code No.J-Steady State Flux (mcg.éhr?),
K- Permeability Coefficient (cm.Hy x10°.

Scanning Electron Microscopy (SEM)

Photomicrograph (Fig.1) represents the SEM of bl&aksdermal film, Carvedilol loaded
transdermal film before permeation and Carvedit@ded transdermal film after permeation
study, respectively. The scanning electron micrpigseof the drug loaded film clearly indicates
that Carvedilol is molecularly dissolve in the polr matrix (Fig. 1). After permeation
experiment the film (Fig. 1) shows the presencpavés/channels indicating the drug permeation
is diffusion controlled across cellulose membran@ Albino mice epidermis [16].

The possible drug-excipient interaction study waslied by FTIR spectroscopy and DSC of
different formulations (A-3 and A-5) [10, 13, 16].

A B C

Fig.1: Scanning Electron Micrographs (SEM):A: SEM of Blank Transdermal Film (Without Drug), B : SEM of
Carvedilol Loaded Transdermal Film (A-5) before Carrying out the Permeation Study, C: SEM of CarvedilbLoaded
Transdermal Film (A-5) after Carrying out the Permeation Study. Drug-Excipient Interaction Studies

Fourier Transform Infrared Spectroscopy

In the IR spectra of formulations of A-3 and A-hietmajor peaks responsible for functional
groups like —OH, N-H, C-N and C-O-C of Carvedildigbtly altered that may be due to
formation of weak hydrogen bonding with polymersl aither excipients and that was further
confirmed by DSC studies.

Differential Scanning Calorimetry

The DSC analysis (Fig. 2.A) of pure Carvedilol slkeowa sharp exothermic peak at 120.99°C
corresponding to its melting point of 110°C butcase of final formulations ( A-3 and A-5) it
was changed slightly as shown in Fig.2.B and 2.8y bve due to weak hydrogen bonding with
polymers and other excipients. Although in vitrarpeation datas we can concluded that it does
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not seems to interfere with the drug permeatiomftbe transdermal films and drug was also in
a stable form within the films [14].

Sample: COL. DSC File: C:..\SRNS College\CDL.001 Sample: A3 File: C:..\SRNS College\ A-3.001
Size: 14519 mg Operator: Sudhir Size' 18540 mg DsC Operator: Sudhir

Method: AKS Run Date: 11-Sep-2009 14:01 Method: AKS Run Date: 11-Sep-2009 15:16
Instrument DSC QI0VO4BuI 287 | | T e DSC Q10 V9.4 Buid 287

02 04

Heat Flow (Wig)

71.19°C
-1135Jig
|
. e ——
00+ S o2l /
AN

Heat Flow (W/g)

0.6 10780°C

- T T T T T T T T T T
2 70 120 170 220 2 40 &0 80 100 120 140
EroUp Temperature (°C) Universal V4.2E TA Instruments ExoUp Temperature (°C) niversal v

Sample: A-5
Size' 14510 m pbsc
Method: AkS

Heat Flow (Wig)

Fig. 2: A: DSC Thermo gram of Carvedilol (CDL), B: DSC Thermo gram of A-3 Formulation (Drug, EC and
HPMC K15 M), C: DSC Thermo gram of A-5 Formulation Composed of CDL, EC and Carbopol-934.

X-Ray Diffraction study
X-ray diffraction study was carried out to revedletcrystalline modifications after the

preparation of patches. Results of x-ray diffracaogs for A-3 and A-5 formulations were
studied and compared in respect of crystalline freadions with physical mixtures of EC-
HPMC K15M-CDL (PM-1) and EC-CP 934-CDL (PM-2) respeely which was shown in Fig.

3. According to diffractograms it was concludedtthare CDL which having crystalline form
due to more no of peaks which was shown in FidgpuB,n case of physical mixtures (PM-1 and
PM-2) prepared in a same ratio of polymers and slrughown 2 values 32.8854, 41.8848,
43.4429, 48.9334 and 32.9052, 41.8953, 43.442@3)358. receptively but it has not been
observed in transdermal films of (A-3 and A-5), mag suppressed due to changes of the
polymorphic amorphous form [16-18].

Stability Study of the Best Formulation

An accelerated stability study [18] contains resulegarding remaining drug content and
physical appearance of best formulation i.e. A-fcWltoncluded that R.D.C. of A-5 formulation
was ranged between 0.227+0.022 to 0.219+0.045 hysigal appearance was also good at 4°C
and 45 °C up to 30 days except in case of 60 °GORC the physical appearance was good up
to 15 days after that film was found hard, rigididomittle. From stability data it was calculated
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that the shelf life of the A-5 formulation was 328.days at 25°C. It is therefore preferable to
store the patches in the refrigerator.

an E 40 o ?:v?:; I |I
w ] E 1 ¥ F\\'/N\Ja — .,,...-‘J | fu
"3 & i e

SNk

MR

ey

4=

M, o
T T T T T T 1 Y
v w I
2-Theta - Scale M"M
1 M

A [ o

T LI T
jul X e 4

Dodtm [Tk (Ceppar (o)

Fig. 3:A. XRD of Carvedilol (CDL), B. XRD of Two Best formulations A-3 (CDL: EC: HPMC K15 M), A-5
(CDL: EC: Carbopol 934) and Corresponding PhysicaMixtures PM-1 (CDL: EC: HPMC K15 M), PM-
2(CDL: EC: Carbopol- 934).

CONCLUSION

Transdermal drug delivery system is a most suitaem for a long-term treatment or for a
multi dose treatment because different transdepataihes are prepared for a long period of time
in a suitable dose proving treatment from a dagven up to seven days. Lower molecular
weight, good lipid solubility, lower elimination Hdife, and lower melting make it an ideal
candidate for transdermal formulation. In their kydhey have developed a suitable matrix film
for furosemide by employing ethyl cellulose (ECHamydroxypropyl methylcellulose polymer
and have studied the effect of EC and HPMC on thssipochemical properties of transdermal
film [22]. In this study Carvedilol transdermalrfis were prepared with combination of different
polymers such as EC: PVP K-30, EC: HPMC K-15M, BXarbopol-934. Total six formulations
were selected (A-1 to A-6) for further evaluatiarcls as physicochemical properti@s;vitro
drug permeation study and surface pH of the film.

From Physicochemical evaluation it is found thatkhess, weight variation, moisture content,
drug content, folding endurance and flatness waralde for maximum stability [18] of the
prepared transdermal films. The carvedilol transdérpatch was prepared by utilizing fall
factorial experimental designs by using HPMC K10@md HPMC E5 with mixed system of
penetration enhancer containing oleic acid and ypemye glycol. The results of in-vitro skin
permeation studies performed using freshly exciabdominal skin of rat showed highest
permeation rate of carvedilol. The higher permeatiesponses of the formulations may be
attributed to permeation enhancing effect of o#il in presence of propylene glycol [23].

In this study m-vitro drug permeation studied, the percent of drug patetewas found to
maximum 95.44 and 90.12% from A-3 and A-5 film resjvely. Based on physicochemical and
in-vitro release experiments, A-3 and A5 chosen as thefihast among both only A-5 was
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found to have maximum release, maximum steady dtatie and maximum permeability
coefficient. In SEM, after permeation experimerd fiim shows the presence of pores/channels
indicating the permeation is diffusion controlledr@ss cellulose membrane and Albino mice
epidermis. In FTIR study, regarding interactiondofig and excipients, it was concluded that
Carvedilol slightly altered that may be due to fatron of weak hydrogen bonding with
polymers and other excipients and that was furttmafirmed by DSC studies. But witro
permeation datas we can conclude that it doesaens to interfere with the drug permeation
from the transdermal films and drug was also inadle form within the films. In XRD study,
according to diffractograms it was concluded thatepCDL which having crystalline formiue

to more no of peaks which was shown in Fig. 3 hutase of physical mixtures (PM-1 and PM-
2) prepared in a same ratio of polymers and drspown P values 32.8854, 41.8848, 43.4429,
48.9334 and 32.9052, 41.8953, 43.4426, 48.935%tieety but it has not been observed in
transdermal films of (A-3 and A-5), may be sugged due to changes of the polymorphic
amorphous formThe stability study concluded that the shelf lifetloe A-5 formulation was
328.50 days at 25°C. It is therefore preferablsttoe the film in the refrigerator. In view of the
results obtained, Carvedilol films prepared with: EXarbopol-934 in ratio of 6:4 (w/w) were the
best among other polymer combination in similarorathis present study is holds promise for
the further clinical study and screening of varidaemulations variables through pilot plant
scale up.
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