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ABSTRACT

The present study was undertaken to develop acrylic transdermal film of ketorolac tromethamine from aqueous
pseudolatex by using polymeric combination of Eudragit L-100 and Eudragit S-100 by solvent evaporation method.
Physicochemical characterization of the prepared pseudolatex films is done for the drug content, thickness of the
film, weight variation, moisture content, moisture uptake, and water vapor transmission, folding endurance and
scanning electron microscopic study. The in-vitro release of drug from the pseudolatex films was carried out by
using 6 stage dissolution test apparatus rotating paddle type (USP-11) and the effect of two polymers in different
ratio in the pseudolatex film on the release of the drug has been studied. The drug-polymers compatibility study was
done by Fourier Transform Infrared Spectroscopy (FTIR) and the surface morphology, the distribution of drug in
the films was studied by Scanning Electron Microscope (SEM). The polymers used in the films were found
compatible by FTIR study and the drug is found uniformly distributed (SEM study) to give dosage uniformity per
unit area of the films. The results of physicochemical properties revealed that the pseudolatex films of ketorolac
trometamine using Eudragit L-100 and Eudragit S 100 will be sufficiently stable and suitable for transdermal
application. The results of in-vitro release profile ascertained that the release rate can be retarded to get controlled
release characteristics of the formulation by incorporating higher proportion of EL-100 polymer in the films.
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INTRODUCTION

Pseudolatex is actually colloidal polymer partictispersed in water, a two compartment system;isring a
hydrophilic polymer that form a three dimensionatwork and another compartment being water. Thigh h
compatibility in a number of applications make thpromising candidate for preventing the side effe@this is
widely studied biomaterial for preparation of catigd release dosage form. It provides more rediabid steady
release of drugs. This latex has also been usedsxely to formulate oral controlled released diletivery system
in the form of coated small particles, beads ofetab Drug containing latex particles for topicaphthalmic or
parenteral preparation prepared by dissolving thig th the polymer solution before emulsificatiordgyseudolatex
formation have been reported [1]. Ketorolac is @refly used in the post operative, dental and acute
muscutoskeletal pain: 15-30 mg i.m. or i.v. ever§ Bours (maximum 90 mg/ day). It may also be usedhe
renal colic, migraine and pain due to bony metést&rally it is used in a dose of 10-20 mg 6 hpdiok short term
management of moderate pain. It has been ratedisupge aspirin (650 mg) and paracetamol (600 mig)l a
equivalent to ibuprofen [2]. The sustained relefmenulation of the drug is required to improve thatient

47
Pelagia Research Library



Pintu K De et al Der Pharmacia Sinica, 2013, 4(1):47-55

compliance and to reduce the frequency of admatistn. Its low molecular weight (376.40); low medi point
(162°C) ; low dose (maximum daily dose is 90mg) ahdrt half life (5-7 hrs) make it suitable to farlate in
transdermal delivery system to get the advantagedidced side effects, reduction in frequency ahiadstration
and improving patient compliance [3]. The objectofethe present study was to develop transdernalgidatex
films of Ketorolac tromethamine for sustained efffetthe drug with the polymeric combination of Eagit L-100
and Eudragit S-100 and to study the physic-chenpicglerties and release profile of the drug fromftims.

MATERIALS AND METHODS

Materials: Ketorolac tromethamine was obtained agfasamples from Cipla (India) Pvt. Lté&udragit L-100 and
Eudragit S-100 were obtained asift gamples from Evonik Industries Limitelycerol and sodium hydroxide
purchased fronMerck Specialities Private Limited, Mumbai. Acetoard Potassium dihydrogen orthophosphate
were procured fronCentral Drug House Private Limited, New Delhi.

Determination of partition coefficient

25 ml phosphate buffer (pH 7.4) and n-octanol veken in a 100 ml conical flask with 5 mg of drudpneTmixture
was shaken for 6 hours on a mechanical shaker. Do#im phases were separated by centrifugation hed t
absorbances of both phases were determined splectoopetrically at 324.5 nm against blank solutidétiter
calculating the concentration of drug in both phesleie of partition coefficient (P) was determirt®dthe help of
following equation:

Concentration of dmig in octancl

Concentration of dmgin buffer

Drug Polymer compatibility study by FTIR [3]

To study the possible interaction between the dkagorolac tromethamine) and polymers (eudragitOD-and S-
100) in the patches, IR study was carried out ore mubstances and their physical mixtures. Thetispecere
recorded by using IR spectrophotometer (Perkin EFTelR) by KBr pellet method.

Fabrication of pseudolatex transdermal films [1]

Acrylic films of ketorolac tromethamine from aquedatex were prepared by solvent evaporation. Weelgimount
of polymers [Eudragit L-100(EL-100)/Eudragit S-1B$:100)] were dissolved in organic solvent (acetomi¢h

slow and continuous magnetic stirring. Compositdmlifferent formulations given in Tablel. Drug waissolved
in phosphate buffer (pH 7.4). Clear drug soluticasvthen dispersed into polymer solution with magnstrring,

plasticizer (glycerol) was then added slowly, 40#4h® polymer. Drug containing latex was then pduoa the
petridishes (9.5 cmia.). The organic solvent was evaporated subsdéiguerieave the pseudolatex films.

Table 1. Composition of pseudolatex films containim Ketorolac Tromethamine

) Plasticizer Solvent Buffer
Formulation code)  EL-100:ES-10D (Glycerol in % wiw) | (acetone)/ batch in m| (phosphate buffer pH 7.4)/ batch in ml
FLS-1 1:1 40 10 0.5
FLS-2 2:1 40 10 0.5
FLS-3 1:2 40 10 0.5
FLS-4 3:2 40 10 0.5
FLS-5 2:3 40 10 0.5

Thickness measurement:The thickness of the prepared films were measursidguslide calipers (DIAL
CALIPER, Aerospace) by taking measurement at eifft places of each formulation and average tegknvas
recorded[4]

Weight variation: Studied by taking individual weight of 5 randomblected films for each formulation prepared
in different batches. This was done in Mettler Taldalance[5]

Drug content: Individual films of specific areas were cut intarttslices and kept in a 100 ml of phosphate buffer
(pH 7.4) and shaken continuously in a mechanicakshfor 24 hrs. Next day it was sonicated for lIibures and
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after filtration the drug content was assayed sppbbtometrically at 324.5 nm against the blankitsoh prepared
by same method using the patch of the same forinnlatving no drug6]

Moisture content determination: 3 patches of each formulation were weighed indigiuand kept in dessicators
containing activated silica gel at room temperaturee weights were taken periodically until two cessive
weights remain constant. The percentage moistuneenbwas calculated as a difference between lirdtid final
weight with respect to final weigHt7]

Final weight
% Moisture content = X 100

Initial weight — Final weight

Moisture Uptake Capacity: Moisture uptake capacities of each formulation weetermined by exposing the
formulations in high relative humidity (84%) at rootemperature; using supersaturated solution ofgsaim
chloride in a dessicator. The percentage of maistiptake was calculated as the difference betwieahdnd initial
weight with respect to initial weighi]

Final weight- Initial weight
% Moisture uptake = X 100

Initial weight

Water vapor transmission rate: Glass vials of equal diameter were used as trasgmigells. These transmission
cells were washed thoroughly and dried in an odrout 1gm anhydrous calcium chloride was placeddah vial
and the prepared films of each formulation werediover the brim with the help of adhesive. Thdscelere
accurately weighed and kept in closed desiccatmmsaming saturated solution of potassium chlotmenaintain a
high relative humidity (84 %). The cells were takaunt and weighed after 6, 24, 48 and 72 hrs ofag@rWater
vapor transmission rate is usually expressed asuhwer of grams of moisture gained/h/cii®.

Flatness

The longitudinal strips were cut from the centre &oth sides of the films. The length of each sivgs measured
and the variation in length because of non-unifoyrm flatness was measured as % constriction,ahgercent
constriction was considered to be equivalent t@d@atness [3]

Folding Endurance: Folding endurance was determined by repeatedlyniglthe films at the same place until it
broke. The number of time, the patch could be fblaiethe same place without breaking is considesetthe folding
endurance value. The average of the three readiagsalculated.7]

Scanning electron microscopedistribution of drug and polymer in the film wertudied using scanning electron
microscope (JSM, 6100, JEOL, Tokyo, Jpan). Forghisly, the sections of each sample (blank and doatgining
patch) are cut and then mounted onto the stubg wkinble sided adhesive tape. The sections arectieged with
gold palladium alloy using fine coat ion sputter render them electrically conductive. Then the isast are
examined under scanning electron microscope [3]

In vitro release study: The release of the drug, ketorolac from the pseudrl films was studied by using 6 stage
dissolution test apparatus USP-II (rotating padgbe) apparatus. Films were fixed on a glass digtthe disc was
placed at the bottom of the vessel. Phosphate b(gfé 7.4) was used as dissolution medium (900 ankj the
temperature was maintained at 37°C + 0.5°C. Sanwpize taken at specified time intervals and analyze using

a UV spectrophotometer (Shimadzu-1700) at 324.58m.

RESULTS AND DISCUSSION

Partition coefficient determination:

To assess the partitioning of drug between skin ianditro study fluid (phosphate buffer 7.4), thariition
coefficient was determined. The calculated logamith value of partition coefficient (log P) of ketdac
tromethamine in n-octanol and phosphate buffer H3.1.042. The value shows that the drug has cseiffi
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lipophilicity, which is necessary to formulate artsdermal patch. It also shows that the drug ikdsijz in nature
which ensures easy permeation of the drug throlglskin.

FT-IR study: The IR spectrum of pure drug (ketorolac tromethahiand physical mixture of drug and polymers
are shown in the figures 1 and 2 respectivelyhin gpectrum of ketorolac tromethamine (pure drogjor peaks
(3,348 cnt [NH stretch]; 1,727 ciC =0 stretch (acid); 1,173 ¢hiC = O stretch (diaryl ketone); were seen in

subsequent spectra i.e. in the physical mixture. alis indicated no major interaction between dheg and the
polymer.
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Fig.1 FTIR spectra of pure drug Ketorolac Tromethanine
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Fig.2 FTIR spectra of physical mixture of KetorolacTromethamine, Eudragit L-100 and Eudragit S-100.

Determination of thickness:
The thickness of the pseudolatex transdermal fillms determined by dial calipers at different poiftgshe film.

The thickness of the films was varied from 0.109tb15 mm (Table2). The value of the film thicknekswed that
the films are thin.

Determination of weight variation:

The range of variation of weight of the films wa3.60 to 81.12 mg (Table2). The variation in weightthe
transdermal films among different batches was foromsistent.

Determination of drug content:

Estimation of drug content is essential for thetenhuniformity of different films from single bdic The % drug
content was ranges from 96.56 to 99.12. Uniforrmtylrug content of the films showed the processleysgl to
prepare films was suitable to give the minimum batariability.
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Table 3. Drug content in films prepared in different batches.

Formulation code | % Drug content
FLS-1 96.56
FLS-2 99.12
FLS-3 97.45
FLS4 97.3i
FLS-5 98.73

Determination of % Moisture content:

The moisture content study showed how much moist@® present in the formulation. % of moistureha films
was varied from 7.23 to 10.16% (Fig.3). Moisturentemt (2-10%) in the films prevents them from beimg
completely dried and brittl¢10]
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Fig.3. % Moisture content of different pseudolatexilms of Ketorolac Tromethamine
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Fig.4. % Moisture uptake of different pseudolatex ims of Ketorolac Tromethamine

Determination of Moisture uptake:

Moisture uptake study depicted the capacity offtrenulation to hold a maximum content of moistureen the
formulation was exposed highly humid climatic cdiwi. Moisture uptake capacities of each formulatieere
determined by exposing the formulations in higlatige humidity (84%) at room temperature; usingesaaturated
solution of potassium chloride in a desiccatorstalde of moisture of the prepared films varied frérd8 to 7.57
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(Fig.4). Moisture uptake upto 15%w/w of patches baen claimed not to cause discomfort by enhantiieg
bulkiness of the films and the presence of sucletdevel of moisture does not support microbiaivgio [10]

Determination of water vapour transmission rate:

Water vapour transmission rate was varied from ®23145 gm/crffh (Table2). The value was maximum in case of
FLS-5 where the proportion of Eudragit EL100 is imam and the lowest rate was found in case ofithreFLS-2
where the proportion of Eudragit EL100 is maximum.

Determination of folding endurance:

Folding endurance was determined by repeatedlyriglthe films at the same place until it broke. Thenber of
time, the patch could be folded at the same platewut breaking is considered as the folding endceavalue. The
average of the three readings was calculatedvlrigd from 26-39 (Table2).

Table 2. Physicochemical Characterization of acryke pseudolatex films of Ketorolac Tromethamine

Formulation EL-100 _\N_eight Thickness % Moisture % Moisture Folding :Cﬁfg&‘{:gg;
Code 1 ES-100 | variation (mg) (mm) content uptake Endurance (gm/cn?/h)x10*
FLS-1 11 73.60:3.25 0.102 3.6 10.160.16 7.5%0.25 2602 2.35.0.63
FLS-2 2:1 76.56t5.69 0.1054.2 9.180.12 6.160.36 2703 2.240.59
FLS-3 1:2 75.12+4.92 0.11%2.9 8.020.14 5.930.35 3502 3.030.69
FLS-4 3:2 78.65:9.65 0.10%5.6 7.860.24 4.120.29 3603 2.8%1.46
FLS-5 2:3 81.12+5.23 0.1134.7 7.230.19 4.580.15 3202 3.450.98

Fig.6. SEM photograph of drug (Ketorolac Tromethamhe) loaded pseudolatex film before release study
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Fig.7. SEM photograph of drug (Ketorolac Tromethamhe) loaded pseudolatex film after release study

Scanning electron microscope (SEM):

The surface morphology of the prepared pseodotasesdermal films without drug, and with drug befand after
release study is shown in figures 5, 6 and 7 reés@dyg. Blank photo shows the absence of the druthe polymer
matrix. Drug loaded film indicates the proper umifiodistribution of the drug in the film. SEM photagh of the
film after release study shows the presence ofshal¢he films which are formed after removal of tirug from the
film.

In vitro dissolution study:

In vitro drug release profile is an important tdloat predicts in advance how the drug will behaveivo. It is
essential to conduct a drug release study of thpgped transdermal films to ensure the drug coreton at the
surface of the stratum corneum is greater thandtihg concentration in the body to achieve a constate of
permeation through diffusion. Drug release mechasiand kinetics are two characteristics of the gedfarms
which play an important role in describing the ddigsolution profile from a controlled release dgsdorm. In
vitro release studies showed that EL-100 is lesmeable and more retarding the release of drug fitwenfilm
when present in higher proportion (Fig.8). The fifinS-2 (EL-100:ES- 100:: 2:1) containing higher podion of
EL-100 having highest retarding capacity releasinly 76 % of drug after eight hours of study wheratthe same
time the film FLS-3 (EL-100:ES- 100::1:2) contaigitowest proportion of EL-100 releases highest gatage of
drug (85%).
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TIME (hr)

Fig.8. In vitro drug dissolution profile of Ketorolac Tromethamine from different EL-100/ES-100 pseudatex films.
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Stability study:

Short term stability study of the prepared pse@aldiims were conducted as per ICH guidelines. filnes were

studied under 40 £ 0.5°C and 75 + 5 % RH. After shedy for the period of three months, it was fotinat the

films were stable; there was no microbial growttihie films. The release of the drug from the filwas varied a
little bit, but it was very close to previous redegpattern. The release profile of two optimizetthafter the study

was shown in the figure 9.

TIME - % CDE GRAPH (0 ORDER
TIME- % CDR GRAFH (0 KINETICS)
100 OFDERKINETICS) 100
80 80
60 60
—4—F_S-2
g a0 40 ——F|S-2
o _ a
2 20 —8=FL5-3 220 —m—FLS-3
&
0 ! ' 0 T 1
TIME (hr) TIME (hr)
A: Optimized formulation B: Aftesi month
TIME - % CDE GEAFH (0
ORDER KINETICS) TIME - % CDR GRAPH (0
100 - - 100 ORDER KINETICS)
80 80
z 60 ——FLS5-2 g 60
Q 40 —m—FLS-3 g 1
© 20 = 20
0] : ! 0 T 1
5 10 0] 5 10
TIME (hr) TIME (hr)

C: After 2nd month

D: After 3rd omnth

Fig. 9. In vitro drug dissolution profile of Ketorolac Tromethamine from two optimized formulation (FLS-2 and FLS-3) pseudolatex
films after short term stability study

CONCLUSION

The present study was carried out to develop aerylseudolatex transdermal films of ketorolac tritramine. The
characterization of physicochemical propertieshaf prepared transdermal films had shown that thadtations
are physico-chemically stable including the absexfarug polymer interaction, which was ascertaibgdhe FTIR
study. SEM study showed that the drug was unifomidyributed in the films.

The release rate of ketorolac tromethamine fronpteidolatex films can be varied by selecting ameite ratio of
polymers EL-100 and ES-100. The release rate caretaeded to get controlled release characterigifcthe
formulation by incorporating higher proportion df-£00 polymer.

After short term stability study of the preparéddng it was found that the characteristics of thedi were remain
same as it was earlier. There is no variation liease pattern and no microbial growth on the filwas observed.
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