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ABSTRACT

Purpose: The present investigation was undertaken to study the effect of different
plasticizers on the drug delivery pattern of valsartan from tamarind gum based
hydroxypropyl methylcellulose (HPMC K100) transdermal film formulation. Methods:
The matrix films of valsartan were prepared by casting solvent evaporation method
using triethanolamine, propylene glycol, dimethyl sulphoxide, polyethylene glycol 400 or
polyethylene glycol 600 as plasticizers. Physicochemical characteristics have also been
evaluated using FTIR, DSC and SEM studies. Results: Instrumental studies revealed no
major drug-excipience interaction. Amorphization of drug have been noticed in all the film
formulations. A significant difference of drug diffusion as well as permeation between
the formulations has been observed due to the presence of different plasticizers. This
study confirmed that plasticizer cotributed a major role in developing a drug delivery
system in tamarind based HPMC transdermal film. Conclusion: Highest area under the
curve of the drug diffusion and ex vivo permeation profiles has been assured with the
PEG 600 containing film up to 24 h of study. Hence, transdermal film formulation could
be designed using different plasticizer in tamarind based HPMC matrix system as per
requirements.

Key words: Valsartan, Hydrophilic plasticizer, Tamarind gum, Transdermal film, ex-vivo
permeation.
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forming polymers are molecular weight liquids are suitably used
in the film type delivery systems.>* The

plasticizer occupies the spaces between the

very
important excipient used in drug delivery

formulations like gastro-retentive, ocular,
DOI: 10.5530/ijper.54.3s.147
Correspondence:

Prof. Subrata Mallick
Professor, Department of
Pharmaceutics, School of
Pharmaceutical Sciences,
Siksha ‘O’ Anusandhan
(Deemed to be University),
Bhubaneswar-751003,
Odisha, INDIA.

Phone: +91 9778437103
E-mail: profsmallick@gmail.
com

buccal, orally dispersible and transdermal
films.
hydrogels are effectively used to deliver

polymer molecules reducing the bonding

In transdermal delivery systems forces among the polymer molecules

increasing the molecular motion and the free
medicament into the body to treat chronic volume.” This mechanism depends upon
and/or critical ailment with lesser dosing the chemical composition, molecular weight
frequency of drug. The prime advantage of —and functional groups of the plasticizer -
this delivery system is to avoid the first pass ~ polymer - systems.’

metabolism associated with conventional Plant derived polymers now are gaining

drug delivery systems. In designing a
transdermal film formulation plasticizers
are an important class of additive which
imparts a prime role in providing sufficient
flexibility, comfort, softness and patient
compliance."” A suitable plasticizer is
required to achieve a proper consistency of
the product. Plasticizers of small or large

significant applications in pharmaceutical

formulations  because of its large
availability in the nature at lower cost.”
Recently, Tamarind gum (T'G) an extracted
polysaccharide from the seed endosperm
of the plant, Tamarindus indica Linn. Family:
Fabaceace is an upcoming natural polymer

under investigation in the film formulations.
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TG is hydrophilic
aqueous solvent. It produces mucilaginous gels of non-

polysaccharide dispersible in
Newtonian and pseudo plastic nature during swelling in
aqueous solvent.” Investigation on the role of different
plasticizers Polyethylene Glycol 400 (PEG 400),
Polyethylene Glycol 600 (PEG 600), dimethyl sulfoxide
(DMSO), propylene glycol (PG) and triethanolamine
(TEA) on the delivery of a model drug valsartan from
TG (Tamarind Gum) based HPMC transdermal films
was the prime purpose of the study.

MATERIALS AND METHODS

Materials

Valsartan was kindly received from Novartis, Mumbai,
India and used as such. HPMC K100, Triethanolamine,
Dimethyl sulfoxide, propylene glycol, polyethylene
glycol 400 and polyethylene glycol 600 were purchased
from Burgony Laboratories, Burbidges and Co., India.

Extraction of tamarind gum (TG)

The method tamarind gum extraction is very simple
and involves few steps to carry out on a laboratory
scale. Tamarind seeds collected from local market were
washed thoroughly with water to remove any adhering
extraneous materials. The outermost red color testa
of the seeds was removed by boiling in distilled water
followed by rubbing. The cleaned seeds were crushed
and boiled in distilled water to get a thick viscous liquid.
The liquid was passed through muslin bag and allowed
to cool. Acetone was added in 1:2 ratios to precipitate
the mucilage. The precipitated gum was collected and
dried at temperature 50°C in a hot air oven. The dried
gum was powdered and passed through sieve number
40 and the resulted dry powder was propetly stored in
airtight container for further use.

Preparation of standard curve of Valsartan

Accurately weighed 10 mg of valsartan was dissolved
in phosphate buffer solution of pH 7.4 in a 100 ml
volumetric flask (stock). Aliquots of 0.5, 1.0, 1.5, 2.0, 2.5
mlwere withdrawn from the stock solution to volumetric
flasks of 10 ml capacity and the volumes were made by
buffer solution and mixed well to get concentration of
5, 10, 15, 20 and 25 pg/ml. The absorbances of the
resultant concentrations were analyzed at 250 nm as
the A using a UV-vis spectrophotometer (Thermo
scientific, Evolution 201-uv-visible spectrometer).
Absorbance vs. Concentration (ug/ml) was plotted and

a trend line was drawn using Microsoft excel.
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Transdermal film preparation

Transdermal film containing valsartan was prepared
from the mixture of hydrophilic polymer hydroxypropyl
methylcellulose (HPMC K100) and natural polymer
tamarind (T'G) by casting and solvent evaporation
method.'™"  (Table 1). Propylene glycol (PG),
polyethylene glycol (PEG) 400 and 600, triethanolamine
and dimethyl sulfoxide (DMSO) were used as plasticizers.
Accurately weighed HPMC was allowed to swell in ice-
cooled distilled water overnight. Separately, TG was
dispersed in hot water and mixed thoroughly overnight
to get a homogenous dispersion. TG dispersion was
poured on HPMC swelled mass and stirred continuously
for overnight period by magnetic stirrer. Valsartan and
plasticizer were mixed and dissolved in a glass beaker
with a little amount of ethanol. The previously prepared
polymeric gel was transferred upon drug solution and
mixed thoroughly by means of homogenization. The
uniform, homogeneous product was spread evenly on
a petridish and dried in a hot air oven at 40°C for 48 h.
The dried film was preserved in a tightly closed airtight
container.

Physical characterization of the films

Digital micrometer (Mitutoyo, Japan) was used to
measure the thickness of the films at different places.
A specified area of patch was cut at different places and
weight was taken in digital balance and the average weight
was calculated. A strip of film was repeatedly folded to
determine the folding endurance characteristic.'”” The
electrode of the pH meter was touched to a swelled
small strip of film for one minute and the surface pH
was recorded. Percent moisture content was determined
from the difference between initial and final weight
with respect to final weight.” Accurately weighed
cutting piece of film was placed inside the desiccators
containing activated silica gel at the bottom at room
temperature for twenty four hour or more to constant
dry weight. Then the dried film piece was transferred
carefully to another desiccator maintained at relative
humidity of 84, 74 or 79 % until the weight of the film
was constant to equilibrate with the inside humidity after
up taking the moisture. The percentage moisture uptake
was also calculated. Supersaturated aqueous solution
of potassium chloride, sodium chloride and aluminium
chloride were used in the desiccator to maintain 84, 74
and 79 % relative humidity respectively."

FTIR

For FTIR study, pure drug Valsartan and film formulation
VTFF1, VIFF2, VIFF3, VIFF4 and VIFEF5 were
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measured by using Bruker infrared analyser (Bruker
alpha; Ettlingen, Germany).

Differential Scanning Calorimetry (DSC)

Thermal analysis of pure drug and film were performed
by differential scanning calorimetry (DSC Q10 V9.4
Build 287) to study the drug and excipients interactions.
DSC analysis was carried out from 30 to 300°C at a rate
of 10°C per minute under nitrogen environment.

Scanning electron microscopy

The surface morphology of the films was scanned
and visualized by a Scanning electron microscope
(JSM- 6390, JEOL, Tokyo, Japan) as per the machine
specification.

In vitro diffusion study

Diffusion of the drug was carried by using modified
Franz diffusion apparatus maintaining at 32+0.5°C using
dialysis membrane containing 200 ml of phosphate
buffer (pH 7.4) as diffusion medium. At specified
time intervals samples were pipetted out and analyzed
spectrophotometrically.

Ex-vivo permeation study

The drug permeation from the formulations was studied
using modified franz diffusion apparatus maintained at
327%0.5°C taking 200 ml of phosphate buffer (pH 7.4) as
diffusion medium utilizing chicken skin collected from
local butcher market as a test membrane. The aliquots

from the diffusion medium were withdrawn at 0.5, 1, 2,
3,4,5,06,7,8, 24 h interval. The samples were analyzed
after proper dilution by UV-visible spectrophotometer
at 250 nm and the drug concentration in the sample was
determined.

RESULTS AND DISCUSSION
Study on the physical properties

Results of the physicochemical properties of the films
are depicted in Table 2. Uniformity in thickness (2.21
to 2.25 mm) and weight of all the film (19.2 to 20.5
mg per 2 sq cm unit area) has been observed. The film
produced was almost transparent and exhibited good
folding endurance (>200) indicating sufficiently flexible
and not brittle. The surface pH of the film in the range
of 7.12 to 7.54 indicates enough biocompatibility and
is expected to show no skin irritation. The moisture
absorbing capacity was increased slightly with the
increase of relative humidity of 74,79 and 84 %. Highest
moisture up taking capacity has been noticed with the
film (VIFF1) containing triethanolamine plasticizer
(4.15 to 6.89 %) compared to other film formulations
(3.25 to 6.52 %). Small moisture content of the films
at the laboratory ambient condition (2.17 to 3.45 % at
about 60 % RH) can protect the film from microbial
growth. Due to small moisture content the films are
expected to be stable enough.

Table 1: Formulation of transdermal film.

Formulation Valsartan HPMC Gum Plasticizer Plasticizer
(9) K-100(g) (9) used (%)
VTFF1 0.8 2 0.6 TEA 30
VTFF2 0.8 2 0.6 PG 30
VTFF3 0.8 2 0.6 DMSO 30
VTFF4 0.8 2 0.6 PEG 400 30
VTFF5 0.8 2 0.6 PEG 600 30

Table 2: Physicochemical characteristics of the film.

Weight Moisturecontent Surface pH Folding . % Moisture
(2cm?) (%) (meantsd: n=6) | endurance | Thickness uptake
Formulation | (meantSD: (mnl) ) (meant
1=6) (means_)sd. sd, n=6)
n=
mg RH 74% RH 79% RH 84%
VTFF1 19.2+0.1 2.17+0.66 7.12+0.04 >200 2.25+0.015 | 4.154£0.21 | 5.43+0.21 | 6.8940.42
VTFF2 20.5£0.1 3.45+0.98 7.54+0.05 >200 2.2140.014 | 3.25+0.45 | 4.25+0.25 | 6.20+0.56
VTFF3 19.740.2 3.1520.25 7.2310.02 >200 | 2.23+0.018 | 3.60£0.58 | 5.62+0.15 | 6.35:0.23
VTFF4 20.1+0.3 3.25+0.37 7.48+0.08 >200 2.24+0.011 | 4.01+0.42 | 5.31£0.22 | 6.52+0.32
VTFF5 19.610.2 3.33+0.44 7.36+0.04 >200 2.24+0.015 | 3.89+0.21 | 4.83+0.52 | 6.25+0.21
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FTIR study

The drug valsartan contains one catboxylic group
which shows two intense peaks at 3696.80cm™ and
2832.11cm™. Valsartan also consists of one pyrimidine
nucleus which shows absorption peak 1596.61cm™.
The C-H peak is shown at 1596.61cm™ to 12.02.65cm™
due to the presence of aromatic rings (Figure 1). The
aliphatic absorption peaks of C-H ate seen 765.40cm™
to 555.1cm™.

The IR spectrum of VTFF1 shows very sharp peaks
at 3364.59cm™ and 2881.64cm™ due to the carboxylic
residue. Also at 1647.10cm™ sharp peak proves the
present of pyrimidine nucleus. At 1068.52cm™ and
1026.35cm™  peaks show aromatic C-H rings and
presence of aliphatic C-H group is proved due to peak
at 877.27cm™ and 530.30cm™.

The spectrum of VTFF2 gives very sharp peaks at
3376.88cm™ and 2880.49cm™ due to the carboxylic
residue. Also at 1643.72cm™ sharp peak proves the
present of pyrimidine nucleus. At 1066.03cm™ and
1027.61cm™ peaks are due to aromatic C-H rings and
the presence of aliphatic C-H group is assured by
880.83cm™ and 530.30cm 'peaks.

VTFF3 gives very sharp peaks at 3407.37cm’ and
2875.21cm™ due to the carboxylic residue. Also at
1643.83cm ! sharp peak proves the present of pyrimidine
nucleus. At 1077.29cm™ peak shows aromatic C-H
ring. Aliphatic C-H group is proved by 883.96cm™ and
528.62cm™ peak.

Sharp peaks at 3407.92cm™ and 2874.70cm™ are due to
the carboxylic residue in VIFF4. Also at 1645.00cm
sharp peak proves the presence of pyrimidine nucleus.
At 1069.02cm™ peak indicates aromatic C-H ring and
the presence of 885.05cm™ and 514.26cm™ peaks are
owing to aliphatic C-H group. The FTIR of VTFF5
gives a very sharp peak at 3403.82cm™ and 2874.34cm!
due to the carboxylic residue. Also at 1644.70cm
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Figure 1: FTIR spectra of pure drug and formulations
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sharp peak proves the present of pyrimidine nucleus.
At 1082.64cm™ and 1035.58cm™ peaks shows aromatic
C-H rings. The presence of aliphatic C-H group is
proved by 881.91cm™ and 525.44cm ' peaks.

The small changes in the peak shifting and intensity are
the indication of amorphization of the drug in the film
formulations." '

DSC Analysis

Thermal behavior of the pure valsartan and film
formulations are illustrated in Figure 2. Pure valsartan
has shown sharp endothermic peak at 98.58°C indicating
crystalline nature. The endothermic shouldering
around 50-100°C in the DSC thermogram signifies
the dehydration process of moisture present in all the
films due to the presence of HPMC. Disappearance
of melting peak of valsartan in all the formulation is
the indication of amorphization of the drug. Presence
of plasticizer (PG), PEG, TEA and DMSO) has
facilitated the transformation of crystalline drug into
amorphous form in the tamarind based HPMC film.
Many journal reports are published recently revealing
the drug amorphization in the HPMC film formulation

containing this type of plasticizers.'”?

SEM Studies

The surface morphology of the pure drug crystals
(valsartan) and the film formulation are shown in
Figure 3. The crystal geometry is very prominent in the
photomicrograph of pure valsartan whereas, crystal
morphology is almost totally disappeared in all the
film formulation and even after high magnification
(10000% mag) it is not traceable. This result indicates
the amorphous transformation of wvalsartan in the
film. Plasticizer in the tamarind based HPMC film has
brought about this amorphization.”

« A
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Figure 2: DSC thermo grams of Valsartan pure drug and
different formulations pure drug, VTFF1, VTFF2, VTFF3,
VTFF4, VTFF5
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Figure 3: Surface morphology visualization of the drug and
the films by scanning electron microscope (A: Pure drug, B:
VTFF1, C: VTFF2, D: VTFF3, E: VTFF4, F: VTFF5)

In-vitro diffusion and Ex-vivo permeation

In vitro diffusion and ex-vivo tissue permeation profiling
are important tools for predicting the drug movement
in vivo? In vitro diffusion study was conducted in the
buffered solution of pH 7.4 and 32°C as the bio waiving
condition for transdermal delivery. In-vitro diffusion
and ex-vivo permeation”* profiles have been presented
in Figure 4 and Figure 5. From the above plots it is
revealed that the diffusion as well as permeation of drug
has shown a sustained pattern and could be continued
for 24 h or more. The drug diffusion and permeation
have been varied significantly formulation wise. The
presence of different plasticizer in the formulation has
exhibited different influence on the above profiles. PEG
600 containing film has shown highest area under the
curve both in diffusion and permeation profiles upto 24
h of study. Also PEG 400 and DMSO containing films
have demonstrated higher release and skin permeation
of drug compared to films prepared with PG and
triethanolamine. In fact very poor permeation has been
observed when PG and TEA were used (nearly 20 %
or more) rather than diffusion of the same (above 60
%). Hence, change of plasticizer could be helpful in
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Figure 5: Ex-vivo permeation of Valsartan

designing this type of tamarind based transdermal film

formulation.

CONCLUSION

Valsartan transdermal films have been prepared
successfully using different plasticizers in the tamarind
based HPMC matrix system. Amorphous transformation
of wvalsartan and no major drug-excipience have
been observed in all the films as confirmed from the
analytical results of FTIR, DSC and SEM study. PEG
600 as plasticizer has shown highest area under the
curve in drug release and skin permeation profiles upto
24 h of study. PEG 400 and DMSO in the film also
have presented higher diffusion and permeation of
drug compared to PG and triethanolamine containing
films. Very poor permeation has been noticed when
PG and TEA were used (about 20 % or more) in
comparison with diffusion of the same (above 60 %).
Hence, tamarind based transdermal film formulation of
valsartan could be designed using different plasticizer as

per requirements.
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PICTORIAL ABSTRACT SUMMARY
= n" e Valsartan transdermal films prepared using
lai Q{g ' TG+ HPMC different plasticizers.

e Tamarind based HPMC matrix film showed
amorphization of drug.

e PEG 600 showed highest AUC in drug release and
skin permeation profiles up to 24 h.

e Very poor permeation noticed with PG and TEA
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