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ABSTRACT

5-Fluorouracil (5-FU) is widely used as an anti-cancer drug, but causes severe side effects. Controlled release
systems could be useful to keep the concentration of 5-FU at a low level, so that the side effects can be reduced. The
purpose of this research study was to formulate transdermal film loaded with 5-Fluorouracil by solution casting
method using ethyl cellulose, HPMC E15 and HPMC K4M in various combinations and to investigate the effect of
different polymer on drug permeation and other physicochemical characteristics of the film. The ex-vivo permeation
study was carried out with rat skin along with in-vitro study using dialysis membrane and both revealed that HPMC
E15can exhibit more sustained formulation than HPMC K4M.The hydrophilic polymer alone was incapable to form
the film. Further, it was observed that the cumulative % release of the drug from the formulation was retarded with
the addition of the hydrophobic polymer EC and increased on addition of the hydrophilic polymer. Again, between
two grades of HPMC i.e., HPMC E15 and HPMC K4M, the polymer E15 provided sower rate of release than
HPMC K4M. The formulation FF1 with EC showed lowest moisture up take (1.9%) and also lowest % of release
(56.76%) in 7 hr than the other formulations. Further, formulation FF2 with combination of HPMC K4M and EC
showed highest moisture up take (18.78%) and also highest % of release (96.53%) of drug in7 hr and reduced in
respect of moisture uptake and rate of release with the admixture of HPMC E15 and we also observed that there
exist a decrease in order of the above with the increase of the concentration of the same polymer HPMC E15.
Sability study at intermediate and accelerated conditions according to the ICH (Q1A) specifications showed that all
the formulations were found to be very stable. Hence, transdermal film of 5-FU thus formulated could be a
promising alter native dosage formin cancer chemotherapy.

Keywords: Controlled release, Hydrophilic, Hydrophobiio;vitro & Ex-vivo.

INTRODUCTION

Transdermal drug delivery system is the modernvegji system to deliver the drug by by-passing ir&-pass
metabolism problem. It is used to deliver the difugugh the skin to systemic circulation. Currentigre than 35
TDDS products are approved in United States fornvitte variety of condition like hypertension, angimnmotion
sickness, severe pain, local pain control and imeodependence etc. [1]. TDDS provides the bewéfgustained
delivery of the drugs with short half life, redudbs dosing frequency, increase the bioavailabilftthe poor orally
bio available drug, decrease the side effects essalt increase the patient compliance [2]. The-riomasive
character of TDDS makes it accessible to a widgeaaf patient population & a highly acceptable aptfor drug
dosing. 5-FU is an antimetabolite with promisindir@oplastic activity against several premalign&nnalignant
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condition of the skin. It is also shown to be aetagainst a variety of solid tumors including theséreast, colon,
rectum & cervix [3, 4]. Transdermal delivery of &}Fmay overcome certain limitations associated wital &
parenteral administration. Its oral administratsftows significant variation in oral bioavailabilitsanging between
0-80% [5] and in case of parenteral administratlesn main problem is rapid elimination of the druighvapparent
half life of 8-20 min for that reason we have taegeto formulate transdermal film using 5-Fluorauiras the
model drug.

Here, we have attempted to optimize the suitaltie mf the hydrophobic & hydrophilic polymer to foulate the
film by studying the permeation of the drug throwutjalysis membraner-vitro) and also through rat skiexvivo).

MATERIAL AND METHODS

5-Fluorouracil was purchased from Sigma Aldrichhytcellulose, HMPC E15, HMPC K4M, oleic acid and
glycerin were also purchased from Loba Chemie B, Mumbai. Dialysis membrane from HIMEDIA LabllA
other solvents and chemicals used were of analygicale.

Animals:

Healthy Wistar rats were received from departmeapgiroved animal house and used for the study. Therg
acclimatized to laboratory conditions for one wéelfore commencement of experiment. They were aliiofree
access to standard dry pellet diet (Hindustan LeXelkata, India) and water ad libitum. All proceds followed
here for the study were thoroughly reviewed andagd by the Institute’s Animal Ethical Committé&eg. No.
BCRCP/IAEC/3/2012).

Method for Preparation of the Transdermal Film:

Transdermal film of 5-FU was prepared by solverstiog method. Here the polymeric solution was pregpady
dissolving EC, HPMC K4M, and HPMC E15 in 20 ml mis¢ of acetone and chloroform (3:1) stirred forriidx
for complete dispersion of the polymers. Then 20 ohd-FU was added to it and stirred again for 1@ for
complete dispersion. Then 10% glycerin and 5% aleid were added to it. After stirring for 5 miretbolution was
poured on a 1.5 cm diameter Petridis. Then theesblwas allowed to evaporate under ambient temyreré32C,
45%RH) for 24 hr. The prepared film was then scdafoe evaluation.

Pre Formulation Study:
First a polymer combination was selected to prodhedilm without the drug. The combination of tieemulations
is shown in tablel. We have denoted the formulatieith PF.

Table 1. : Pre formulation composition

. Ethyl cellulose | HPMC K4M | HPMC E15M | GLYCERIN | OLEIC ACID
Pre formulation code Result
(mg) (mg) (mg) (% wiv) (Yowlv)
PF1 500 -- - 10 5 Film formed
PF2 250 250 -- 10 5 Film formed
PF3 250 -- 250 10 5 Film formed
PF4 250 125 25 10 5 Film formed
PF5 250 100 50 10 5 Film formed
PF6 250 75 75 10 5 Film formed
PF7 250 50 100 10 5 Film formed
PF8 250 125 25 10 5 Film formed
PF9 250 -- 150 10 5 Film formed
PF10 -- 300 10 5 Film not formed
PF11 -- -- 300 10 5 Film not formed

From pre formulation study, following eight formtitans were selected as the final formulations.

IR STUDY:

Before going to the final formulations first IR diuof the physical mixture of the drug, EC, HPMC NK4nd
HPMC E15 was performed to investigate the comgayibi

Final Formulations:
After the pre formulation study and after conformithat there is no drug-excipient interaction, folowing
formulations were prepared (table 2).
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Table 2:- Final formulations

CopE | DRUG | EC [ HPMCK4M | HPMC E15 | GLYCERIN | OLEIC ACID
(mg) | (mg) (mg) (mg) (% wiv) (% wiv)
FFL 20 500 — | 10 5
FF2 20 250 250 10 5
FF3 20 250 250 10 5
FF4 20 250 175 75 10 5
FF5 20 250 150 100 10 5
FF6 20 250 125 125 10 5
FF7 20 250 100 150 10 5
FF8 20 250 75 175 10 5

EVALUATION:

Physicochemical evaluation:

The prepared films were evaluated for their physaggearance, uniformity of thickness, weight viéoia, folding
endurance, drug content, moisture content, moigtptake, flathessn-vitro release studies &x-vivo diffusion
study across the rat abdominal skin.

Weight variation:
Weight variation was determined by individually gleing 6 randomly selected films and calculating &verage
weight and standard deviation. The individual weigfiould not deviate significantly from the averaggght [6].

Thickness of the film:

Screw gauge was used to determine thickness dfith& It was placed at three different positionskeeping the
film in between two glass slides of known thicknassl average thickness was calculated and thessahgegiven
in table-4.

Folding endurance
The folding endurance was measured manually. A sifi film having an area of 2émwas cut evenly and
repeatedly folded at the same place till it brokezked. The number of times the film could be fdi@s the same

place without breaking/cracking gave the exacteatifolding endurance and the results are repanéeable-4[7,
9].

Moisture content:
The prepared film were weighed individually and tkigpa desiccator containing silica gel at room penature for

24 h. The films were weighed again after a spetifigerval until they show a constant weight. Thrercent
moisture content was calculated using followingrfala [8].

. Initial weight - Final weight
% Moisture content = — - = x 100
Final weight

Moisture Uptake:

Weighed films were kept in a desiccator at roomperature for 24 h. These were then taken out aposed
t075.3% relative humidity using saturated solutafnsodium chloride in a desiccator until a constaeight is
achieved. Percent moisture uptake is calculategives below [8].

% Moisture uptake — Final weight - Initial weight <100

Initial weight

Flatness:

A transdermal film should possess a smooth surdaceshould not constrict with time. This can be destrated
with flatness study. For flathess determinatiorg etrip is cut from the centre and two from eade sif film. The
length of each strip is measured and variationeimgth is measured by determining percent congrictzero
percent constriction is equivalent to 100 percithéss.

o L-1z
%o constriction = — X 100
1
I, -Final length of each strip

I, = Initial length of each strip
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Biopharmaceutical evaluation

In vitro release study

The in-vitro release study was done by the Kesh@hjen diffusion Cell method. In this method tragsdal film
was placed in between receptor and donor compattofethe diffusion cell. The transdermal systemefac¢he
receptor compartment in which receptor fluid, buffer was placed. The whole assembly was keptagnetic
stirrer and solution in the receiver compartmens$ wanstantly and continuously stirred with 600 riimoughout
the experiment using magnetic beads. The temperatureceptor compartment was maintained 37 + 2RC.
predetermined time intervals, the 5ml receptordfluias removed for analysis and was replaced wittecural
volume of phosphate buffgsH 7.4. The concentration of drug was determineztgpphotometrically at 266 nm
wavelength with suitable dilution [10, 11].

In-vitro diffusion study

In-vitro permeation studies were carried out using modiKedhary Chien diffusion cell. The dialysis membrane
was previously soaked for 24 hours in distilled evafThe film were adhered to the barrier membratialysis
membrane, which was dipped in phosphate buffer,.4ld7 over night) and the membrane was tied firtalythe
donor compartment of the Keshary Chien diffusiolh, ¢be receptor compartment of which was fillediwb7 ml
phosphate buffer. The donor compartment was lowerdhe receptor compartment in such a way thatlthlysis
membrane just touches the media of the receptopadment. The total setup was placed on a magsidtier. The
temperature of receptor compartment was maintad7et 2°C. The content of the diffusion cell wasrstl using a
Teflon coated bead at a constant speed (600 rppmples were withdrawn (5 ml) at predetermined tintervals
and replaced with same amount of phosphate buffendintain the sink condition. After suitable ditut, the
samples were analyzed for drug content using UV-A880 spectrophotometer (SHIMADZU) at wavelengtt266
nm. The permeation study was carried out for 7 $ifL2].

Ex-vivo diffusion study:

Preparation of Skin

Rats were kept in a controlled conditions. Theyengacrificed using anaesthetic ether. The haiestfanimals was
carefully removed and the full thickness of skinsw@moved from the abdominal region. The epidenvas
prepared surgically, washed with distilled wated ased foex vivo permeability studies.

Ex vivo Skin Permeation Studies

The ex vivo skin permeation studies were carried out using EesiChien diffusion cell with a diffusional area of
3.73 cn. Rat’s abdominal skin was mounted between the epmments of the diffusion cell with stratum corneum
facing the donor compartment. The receiver phasefilad 57 ml of phosphate buffer pH 7.4 and stirat 600
rpm on a magnetic stirrer. The stratum corneum sfdfe skin was kept in intimate contact with fthe and over
that placed a backing membrane. The whole assewdsdykept in a water bath at 37 £ 0.5 °C. Samplasljivere
collected at predetermined time intervals and g@awith fresh buffer. The concentration of drugswigtermined
by U.V. spectrophotometrically at 266 nm with shi& dilution if necessary. Cumulative percentagegdr
permeated was calculated and plotted against fioe. was determined directly as the slope of thevedetween
the steady state values of the amount of drug pesede(mg/ cif) v/s time (hours) and permeability coefficients
were deduced by dividing the flux by the initialidrload (mg /cif) [13]

Stability Study:

The stability study of the formulations was doneaading to ICH guide line Q1A specifications in kutdy
chamber. We performed the stability study in intedimate & accelerated conditions in closed contairi€able 3).
In both cases sampling were done 3 times i.e.,&63nonths and performed test for the drug conteiformity.

Table 3:- Stability study conditions

Study Storage condition Minimum time period coveredy data at submission| Sampling interval
Intermediate | 30°C * 2° /65% RH + 5% 6 months 0, 3 & 6 months
Accelerated | 40°C £ 2° /75% RH * 5% 6 months 0, 3 &6 months

RESULTS AND DISCUSSION

The transdermal drug delivery system of 5-FU wapared using the polymers EC, HPMC E15 and, HPM®I K4
using glycerin as a plasticizer by solvent casteahnique. The prepared films were evaluated fgsjglochemical

parameters within-vitro and ex- vivo drug permeation studies. The selection of polyn@nhinations produces
clear, smooth, uniform, substantive, flexible amgiced thickness film for the transdermal drug\waely systems of
5-FU.
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Characteristics of the formulation were studiednitvitro and ex vivo conditions. Both permeatistudies were
carried out in phosphate buffer (pH 7.4) for 7 Huin order to find out the diffusion mechanism ehi
predominately influences the drug permeation fréva membrane. The drug content uniformity and thesma
uniformity of the prepared formulations have shotlat the process used to prepare the films inghidy was
capable of giving films with uniform drug contemicathe thickness of the films varied from 0.085R6. to

0.134+0.003 mm.

Table 4:- Physico Chemical parameters of the formaltions

Parameters FF1 FF2 FF3 FF4 FF5 FF6 FF7 FF8
Moisture Content (%) 1.3+0.83 12.7+0.45 10.7+0.63 9.8+0.57 7+0.79 6.3% 4.5+1.12 3.56+0.58
Moisture Uptake (%) 1.9 +0.48 18.78+0.63 15+0.35 9.940.65 9+0.42 8.5450 6.8+.57 4.97+0.34
Thickness (mm) 0.134+0.003| 0.0855+.000p 0.128+0.008 0.097+.0007 10%x.001 0.112+.078| 0.11940.002 0.123+.001
Folding Endurance 72+1.67 144.5+3.2 13942.55 133.56+0.15 123.78+0.9412.75+0.18 102+1.01 98+1.14
Wt Variation (%) 1.034+0.002 1.023+0.63 1.2940.56 1.034+.002 1.08%2.| 1.059+.0009 1.027+.065 1.051+.002
Drug Content (%) 98.07 97.98 99.67 96.25 98.01 97.11 98.92 95.6p
Flatness 98 100 100 100 100 100 100 100

The percentage moisture uptake and percentageummisbntent of the formulations increases with taldiof the
HPMC with EC. The formulation FF2 with 1:1 EC & HRIVK4M showed highest % of moisture content ard th
moisture content decreased with increase in theesdration of HPMC E15. This proved that the maoistcontent
increased due to the admixture of HPMC. Betweerlegrades of HPMC we observed that HPMC K4M stibwe
more hydrophilic nature than HPMC E15.

The folding endurance of the films varied from 7&#1to 144.5+ 3.2 folds. From the results obtaiitedas found
that the folding endurance decreased with the imaddf the HPMC. Again,increased concentrationhaf HPMC
K4M provided higher folding endurance than HPMC Eidith equal amount of EC, this may be due to tighéi

moisture holding capacity of the polymer K4M.

Now, to understand the release profile, first wedenia-vitro release study using dialysis membrane. From the
Cumulative % release in 7 hr (Table 5), we obsethatlthe formulation FF1 showed very slow releafsg6.76%

in 7hr. The FF2 showed highest % release of 96.531# FF1 showed lowest % release may be due tetbase
retarding effect of the EC and FF2 showed 96.5%Rfase due to the combination of HPMC K4M & EC. ikg#

we study the formulation FF3 which is 1:1 combioatiof EC & HPMC E15 we observe that it released the
formulation slower than FF2 but higher than the @it FF1and for the formulations of FF4 to FF8 wepared the
formulations in combination of three polymer EC, M® K4M with HPMC E15 and we observed as the
concentration of HPMC E15 increased with a decréasmncentration of HPMC K4M the % release of tiiag
through dialysis membrane decreased accordinglgt fieans in between two grades of HPMC, E15 previdere
sustained release than K4M.

Table 5:-In-vitro percentage cumulative permeation of 5-Fluorouracithrough Dialysis membrane from the formulations in5 hr

Formulation code

FF1

FF2

FF3

FF4| FF5

FF6

FF7] __FF8

Cumulative% Release

56.76

96.53

63.58

90.4L 83.§

9

76.

P9

73{15 69

.10

To understand the nature of release we fitted thg celease data to Zero order, First order & Higuoodel and
tabulated the RValue in each case.

We observed that all formulation showed highesdiity to the Higuchi model.

Table 6: - Regression co-efficient of the model egtions on thein -vitro diffusion kinetics

Order of reaction | FF1 FF2 FF3 FF4 FF5 FF6 FF7 FF8
Zero Order 0.957| 0.53| 0.887 0.8283 0.8208 0.8642 0.8843
First Order 0.996 | 0.948| 0.988 0.986f 0.9648 0.9713 0.9¥25 0
Higuchi plot 0.952| 0.956| 0.991 0.9828 0.9782 0.9912 0.993 0.

0.9476
99
P94

From the cumulative % release data we discarded HF2 and FF4 for further study. FF1 was discatukschuse it
provided very slow release .FF2 & FF 4, the relgase was faster which is undesirable in case wamsdermal
film formulation. So we had selected FF3, FF5, F8] FF7& FF8 foex-vivo skin permeation study.
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Ex-vivo Skin Permeation Studies

From the result of thex-vivo permeation study (table 7)we observed that releaseslower through the rat sk
than the dialysis membrane, this is probably bseaf the nature of compact rigidity of the ramskiructure bu
the order is same as observednvitro release that is FF5>FF6>FF7>FF8>FF3.

Table 7 : Ex-vivo Percentage cumulative permeation & flux of -Fluorouracil through the Rat skin from the formulations in 7 hr

Formulation code FF3 FF5 FF6 FF7 FF8
Cumulative% Release| 56.56 77.24 71.93 63.72 60.14
Flux 0.0292| 0.0274] 0.0258 0.0229 0.0219

To understand the nature of release we fitted ef@ase profile to zero order, first order and Higueguation ant
tabulated the ®alue (table 8)[14]. From the table we observed #tidhe formulations showedghest linearity to
the Higuchi equation.

Table 8: Regression c-efficient of the model equations on thexevivo diffusion kinetics

Formulation Code FF3 FF5 FF6 FF7 FF8
Zero Order 0.8870| 0.7690 0.812 0.8460 0.8600
First Order 0.9880| 0.9810, 0.984] 0.9795 0.9860
Higuchi plot 0.9910| 0.9925( 0.9954 0.98530 0.9950

Table 9: Table of ‘n’ values ofKorsmeyer-Peppas model of thé&x-vivo release of the drug through Rat Skin

Korsmeyer- Peppa’'s | FF3 FF5 FF6 FF7 FF8
‘n’ value 0.582| 0.512] 0.5172 0.5139 0.60%2

To understand the release mechanism we fitted ?values to the Korsmeyéteppas Model to find out the
values (table 9).

Then we observed that all formulations showed-fickian release mechanism. Therefore, the releaseug &-FU
takesplace by diffusion and polymeric chain eros
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Fig 1:-Graphical representation of the moisture content ad moisture uptake of the formulations
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Fig 2:-In-vitro cumulative % release vs time (hr) graph of the famulations through dialysis membrane in 7hr
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Fig 3:- Zero order plot of the optimized formulations through Rat skin in 7hr

Table 10- Table of stability study data of the fornalations at two different conditions.

Code % Drug content
Intermediate condition | Accelarated condition

FF1 99.67 98.40
FF2 99.10 98.30
FF3 98.07 98.12
FF4 98.05 97.98
FF5 98.04 97.98
FF6 98.00 97.90
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Fig 4:- First order plot of the optimized formulations through Rat skin in 7hr
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Fig 5:- Higuchi plot of the optimized formulationsthrough Rat skin in 7hr
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Fig 6:- Korsmeyer Peppas plot of the optimized formalations through Rat skin in
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CONCLUSION

From the above study we can conclude that thedeansal film of 5- FU can be produced using EC, HPKMXM,
and HPMC E15. The formulations showed that betwwem grades of the HPMC, HPMC E15 showed more
sustained action than the HPMC K4M. Further, thenfdation with only EC showed release with verwsiate &
only HPMC is incapable to form the film. From thatslity study data we can see that the formulatiare stable in
accelerated as well as intermediate conditions.ckletransdermal film of 5-FU thus formulated codld a
promising alternative dosage form in cancer chepraiby.
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