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Abbreviations: PVA, polyvinyl alcohol; PVP, polyvinyl pyr-
rolidone; OSH, ondansetron hydrochloride; 5–HT3, 5–hydroxytryp-
tamine type 3; DS, degree of swelling; DSC, differential scanning 
calorimetry; EC, ethyl cellulose

Introduction
Development of alternative drug delivery technologies to 

oral delivery is not only to amplify the efficiency and safety of 
drug delivery but also to provide the more patient convenience. 
Transdermal drug delivery systems are described as self–contained 
discrete dosage forms intended to skin application to deliver the drugs 
through skin at controlled rate to the systemic circulation (USP 25). 
Transdermal delivery of drugs intended either for localized treatment 
of tissues or for systemic therapy. The major challenge in formulation 
of the transdermal products is not only to optimize the flux through the 
skin into the systemic circulation but also to reduce the retention and 
metabolism of the drug in the skin.1

 Real points of interest of the transdermal drug delivery over 
the oral route such as improving patient compliance in long term 
therapy, bypassing first–pass metabolism, sustaining drug delivery, 
maintaining a constant and prolonged drug level in plasma, minimizing 
inter and intra patient variability, and making it possible to interrupt or 
terminate treatment when necessary.2,3 Till date, more than 20 drugs 
alone or in combination have been launched into transdermal products 
worldwide and remaining are still in the development phases (phase II 
to registration). Some of the research example drugs that formulated 
as matrix based transdermal formulations are metoprolol tartrate,4 

labetolol hydrochloride,5 ephedrine,6 ketoprofen,7 triprolidine,8 
nitrendipine9 and propranolol.10

Ondansetron hydrochloride (OSH) is a serotonin (5–HT3) 
receptor antagonist that is used in prevention of chemotherapy and 
radiotherapy–induced nausea and vomiting. In the present study, 
an effort was put to formulate OSH transdermal film using solvent 
evaporation technique to maximize the therapy. OSH is considered 
as the ideal drug for transdermal delivery due to its low molecular 
weight, shorter half–life (5–6h), poor bioavailability (60%) and good 
permeability.11 Hence the present study is intended to formulate the 
OSH transdermal film to gain the prolonged drug release time and 
also to reduce the frequency of administration to improve patient 
compliance. When compared to the previous studies on OSH,12 
the present study is aimed to prepare films with simple method 
using combination of combination of hydrophilic and hydrophobic 
polymers. The rationale behind the selection of ethyl cellulose/PVA/
PVP/eudragit is easily available at low cost, good film formers and 
able to study the effect of both hydrophilic and hydrophobic nature 
on drug release. Hence the present study is aimed to prepare OSH 
transdermal films using combination of above polymers to improve 
bioavailability.

Materials and methods
Materials 

Ondansetron hydrochloride was a gift from Sun Pharmaceuticals 
(Baroda, India). All other chemicals were purchased from SD Fine 
Chemicals (Mumbai, India). All the polymers received were of 
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Abstract

Transdermal delivery of ondansetron hydrochloride is one of the promising ways to 
maximize the therapy in contrast to oral delivery. Current investigation efforts are 
focused in formulating the ondansetron hydrochloride matrix–type transdermal film 
by incorporating hydrophilic and hydrophobic polymers. In this study, ondansetron 
hydrochloride transdermal films were prepared using solvent evaporation technique 
and characterized for film physical parameters, in vitro drug release and ex vivo 
permeation studies through rat skin and also subjected to the differential scanning 
calorimetry and stability studies. The percentage drug release form both in vitro drug 
release (99.12±0.96%) and ex vivo permeation studies (73.28±0.92%) were found to 
be highest for formulation carrying PVA: PVP in ratio 1:4 (F6) due to the hydrophilic 
nature of the polymers and pore formation due to leaching of PVP. The release profile 
of the best formulations F6 (r2=0.999 for Higuchi) indicated that the permeation of 
the drug from the patches was governed by diffusion mechanism. The calculated flux 
and permeability coefficients of F6 formulation was found as 5.95µg/cm2/h and 0.748. 
The calculated similarity index value between dissolution profiles of F6 formulation 
before and after storage was found to be 88.76 indicates similarity between the 
dissolution profile before and after storage. Above results indicate that the formulation 
of transdermal films of ondansetron hydrochloride using PVA and PVP combination is 
a suitable way for therapeutic benefit.

Keywords: diffusion, Ex vivo permeation studies, hydrophilic, hydrophobic, solvent 
evaporation technique
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pharmaceutical grade. Other materials and solvents used were of 
analytical grade.

Preparation of trans–dermal films 

Transdermal films containing OSH were prepared by the mercury 
substrate solvent evaporation technique.13 The polymers, ethyl 
cellulose, eudragit RL100, eudragit RS100, polyvinyl pyrrolidone and 
polyvinyl alcohol were taken in a weighing bottle. About 10ml of 
solvent mixture of chloroform/acetone/water were added and shaked 
to prevent the formation of lumps and then kept aside for swelling of 
polymers. And after complete solubilization of polymers in mixture 
of solvent, added required quantity of dibutyl phthalate and menthol 
to this mixture, and stirred. Finally weighed quantity of OSH was 
dissolved in 5ml of solvent mixture, added to the polymer solution and 
mixed well. It was set–aside for some time to exclude any entrapped 
air and was then transferred into a previously cleaned petridish 
(70.00cm2) and then this was kept aside for solvent evaporation. The 
rate of solvent evaporation was controlled by inverting a glass funnel 
over the petridish. After 12h, the dried films were taken out and stored 
in a desiccator. The composition of the patches is given in Table 1. 
The films were stored between sheets of wax paper in a desiccator.

Table 1 Formulation of OSH transdermal films

*Formulation 
code EC:PVP PVA:PVP ED RL:RS Solvent

F1 01:01 – – Chloroform

F2 01:02 – Chloroform

F3 01:04 – – Chloroform

F4 – 01:01 – Water

F5 – 01:02 – Water

F6 – 01:04 – Water

F7 – – 01:01 Acetone

F8 – – 01:02 Acetone

F9 – – 01:04 Acetone

Note: *Each transdermal film contains 8mg of OSH, 5% menthol as permeation 
enhancer and 25% dibutyl phthalate as plasticizer. EC–Ethyl cellulose; PVA–
Polyvinyl alcohol; PVP–Polyvinyl pyrrolidone; EDRL–Eudragit RL100; EDRS: 
Eudragit RS100.

Physical evaluation of trans–dermal films

The prepared transdermal films were visually inspected for 
smoothness and clarity. The thickness of the films was assessed at 
three different points using screw gauze. For each formulation, three 
randomly selected films were used. In weight variation test, three 
disks of 2x2cm2 was cut and weighed on electronic balance for weight 
variation test. The folding endurance was measured manually for 
the prepared transdermal films. A strip of the films (4x3cm) was cut 
evenly and repeatedly folded at the same place till it is broken. To 
evaluate the drug content uniformity, the film of area 3.83cm2 was 
cut and dissolved in phosphate buffer pH 7.4. Then solvent ethanol 
and dichloromethane, to make polymer soluble, were added to the 
mixture and the remaining volume was made up with phosphate 
buffer to 100ml. Then 1ml was withdrawn from the solution and 
diluted to 10ml. The absorbance of the solution was taken at 310nm 
and concentration was calculated. By correcting dilution factor, the 

drug content was calculated.11 

 Moisture content and Moisture uptake 

The prepared films were weighed individually and kept in a 
desiccators containing fused calcium chloride for 24h. The films were 
reweighed until a constant weight was obtained. Moisture content was 
calculated in percentage based on the difference between the initial 
and the constant final weights of the patches. 

The percent moisture absorption test was carried out to check the 
physical stability and integrity of the films at high humid conditions. 
In the present study the moisture absorption capacities of the film 
were determined in the following manner. The films were placed in 
the desiccators containing 200ml saturated solution of potassium 
chloride, to get the humidity inside the desiccators at 84% RH. After 
3 days the films were taken and weighed the percentage moisture 
absorption of the patch was found.14

Final weight Initial weight
Percentage moisture absorbed = 100

Initial weig
  

  
 ht

  
−

×

Water vapour transmission rate

Glass vials of 5ml capacity were washed thoroughly and dried 
to a constant weight in an oven. About 1g of fused calcium chloride 
was taken in the vials and the polymer films of 3.83cm2 were fixed 
over the brim with the help of an adhesive tape. Then the vials were 
weighed and stored in a humidity chamber of 80–90% RH condition 
for a period of 24h. The vials were removed and weighed at 24h time 
intervals to note down the weight gain.15
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Swelling study

Completely dried films with a specified area (3.83cm2) were 
weighed and put in desiccators for 24h. They were removed and 
exposed to relative humidity conditions of 75% (containing saturated 
solution of sodium chloride) in desiccators. Weight was taken on a 
single pan balance periodically until a constant weight was obtained. 
The swelling capacity of the films (in weight %) was calculated in 
terms of percentage increase in weight of membrane over the initial 
weight of the specimen. The experiments were carried out in triplicate 
and the average values were used for the calculation. 

The percentage degree of swelling (DS) was calculated as

( ) ds
DS %  = W W / Wd 100×?

Where, 

Ws and Wd indicate the weight of the swollen and dry membranes 
respectively.4

In vitro permeation studies using dialysis membrane 

In vitro permeation of OSH from transdermal films through dialysis 
membrane (Hi–Media) with molecular weight cut off of 12000 was 
studied. The membrane was mounted over a Franz diffusion cell 
and then placed the transdermal film. The receiver compartment of 
the diffusion cell was filled with 15ml of phosphate buffer pH 7.4 
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and the setup was placed over a magnetic stirrer at 370C. Samples of 
3ml were withdrawn and replenished immediately from the receiver 
compartment at 1, 2, 3, 4, 6 and 12h. They were stored in refrigerated 
condition till the analysis was performed. The content of OSH in the 
samples was analyzed by UV–Visible spectrophotometer at 310nm.11

Ex vivo rat skin permeation studies 

A full thickness of skin was excised from dorsal site of dead rat 
and was washed with water. The fatty tissue layer was removed by 
using nails of fingers. The outer portion with hairs was applied with 
depilatory and allowed to dry. With the help of wet cotton the hairs 
were scrubbed and washed with normal saline solution. The skin 
was kept in normal saline solution in refrigerator until skin was used 
for diffusion study. Prior to use, the skin was allowed to equilibrate 
with room temperature. Then skin was mounted between donor and 
receptor compartment of cell. The skin was clamped in such a way that 
the dermal side will be in contact with receptor medium. Phosphate 
buffer pH 7.4 was used as receptor solution. The volume of diffusion 
cell was 15ml and stirred with magnetic bead. The temperature was 
maintained at 370C with the help of hot plate.5 The diffusion was 
carried out for 12h and 3ml sample was withdrawn at an interval of 1h 
up to 6h and finally at 12h. The same volume of phosphate buffer pH 
7.4 was added to receptor compartment to maintain sink conditions 
and the samples were analyzed at 310 nm.11

 Determination of flux and release kinetics

The flux (J) of OSH was calculated from the slope of the plot of 
cumulative amount of drug permeated per cm2 of skin at steady state 
against the time using linear regression analysis.4 

The steady state permeability coefficient (Kp) of the drug through 
rat epidermis was calculated by using the following equation: 

p
K = J / C

Where, J= flux (µg/cm2/hr); 

C= concentration of drug in the transdermal film.

The data obtained from the above permeation studies was fitted to 
zero order, first order and Higuchi models to explain the pattern and 
the release mechanism from the formulations.16 Korsmeyer –Peppas 
model is one of the mathematical expressions, used to understand the 
mechanism of drug release from these formulations.17 

The Korsmeyer –Peppas equation is as follows; 

 Mt / M = Ktnα  

In which, 

Mt / Mα is the fractional amount of drug released at time t, 

K is a kinetic rate constant and

n is the diffusional exponent that characterizes the mechanism of 
drug release.

Drug–polymer interaction studies 

To study the possible interaction between drug and polymers, 
Differential scanning calorimetry (DSC) study was carried out 
on pure drug and the best formulation and the thermograms were 
obtained using DSC (Perkin–Elmer, Shelton, U.S). The analyses were 
performed under nitrogen (nitrogen flow rate 50ml/min) in order to 

eliminate oxidative and pyrrolytic effects at a standard heating rate of 
150C /minute over a temperature range of 500C – 3500C.

Stability studies 

Stability studies conducted to review the OSH stability in the 
prepared transdermal films as said by ICH guidelines. The sample films 
were sealed in aluminium packaging coated inside with polyethylene, 
and three sets were stored in stability chamber (40±20C and 75±5% 
RH) for six months.18,19 Samples were collected after three months 
of storage and evaluated. The results were under gone to statistical 
analysis with the help of paired t–test to test the significance of 
difference at 0.05 level of significance. Then the similarity index was 
calculated between permeation rates of best formulation before and 
after storage to prove.20,21 The similarity factor (F2) is a logarithmic 
reciprocal square root transformation of the sum of squared error and 
is a measurement of the similarity in the percent (%) of dissolution 
between the two curves. It is calculated using the following formula.

( ) ( )
-0.5

2
n tt t2

f = 50 • log 1+ 1/n R •100-T=1
   

∑  
   

Results 
Physical evaluation of transdermal films

All the prepared transdermal films evaluated for different physical 
parameters and they were showed in Table 2. In these evaluations, 
weight variation was found in the range of 64.21±1.4 to 68.36±1.8 
mg and thickness was found to be between 24±1.6 to 46±1.8µm. The 
folding endurance measures the ability of patch to withstand rupture 
and it was found to be in the range of 71±0.9 to 80±2.2. Estimation 
of drug content was found to be in the range of 96.75±0.48% to 
99.83±0.74% indicating that the drug is uniformly distributed. The 
values of % Swellability, water vapour transmission, moisture uptake 
and % moisture content of all formulations were given in (Table 
2). The % swellability of the prepared formulations was found as 
14.28±0.38 to 48.34±0.42. Films containing higher amount of PVP 
showed good water vapour transmission (4.38±0.21 g.cm2/day X10–4) 
than that of Eudragit and Ethyl cellulose films. All the formulations 
were permeable to water vapour. From the moisture content studies, 
all the formulations showed below 5 % moisture content and moisture 
uptake.

 Diffusion study–in vitro release

The cumulative percentage of drug permeated from the film of 
different formulations is shown in Figure 1. PVA:PVP transdermal 
films showed good in drug release when compared to ethyl cellulose 
and eudragit formulations. The percentage release was found to be 
highest (99.12±0.96%) for formulation carrying PVA: PVP in ratio 
1:4 when compared to other formulations.

 Ex vivo permeation studies

The Ex vivo permeation studies were conducted for all formulations. 
The cumulative amount permeated was calculated and presented 
in Figure 2. The cumulative percent drug permeation was higher in 
case of PVA–PVP polymer containing matrix i.e. 73.28±0.92%. The 
comparison between in vitro and ex vivo release from F6 formulation 
was given in Figure 3. The permeability coefficients were found in 
the range of 0.528 to 0.748. The calculated flux and permeability 
coefficients of all formulations were shown in Figure 4.
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 Table 2 Physical evaluation data of OSH Transdermal films

Formulation 
code

Weight 
variation 
(mg)

Thickness 
(mm)

Folding 
endurance

(%) Moisture 
uptake

(%) 
Moisture 
content

WVT rate 
(g.cm2/day)
x10–4

Drug 
content (%)

Swellability 
(%)

F1 66.12±1.8 24±1.6 71±0.9 3.89±0.86 3.28±0.75 2.62±0.16 97.45±0.21 14.28±0.38

F2 66.45±1.8 26±1.6 72±1.1 4.85±0.91 3.32±.058 2.93±0.16 98.41±0.34 16.34±0.42

F3 65.48±1.6 25±1.6 71±0.9 4.27±1.17 4.92±1.38 3.35±0.18 99.17±0.38 22.01±0.38

F4 64.53±1.5 36±1.3 78±2.2 4.65±0.4 4.62±0.5 4.16±0.28 97.46±0.72 44.86±0.64

F5 64.21±1.4 37±1.4 77±2.0 4.83±0.6 4.92±0.8 4.28±0.24 98.74±0.39 46.38±0.39

F6 64.83±1.5 37±1.3 77±1.2 4.96±0.4 4.87±0.6 4.38±0.21 99.83±0.74 48.34±0.42

F7 67.91±1.7 45±1.7 77±1.1 4.68±0.6 3.26±0.3 3.82±0.12 96.75±0.48 35.48±0.45

F8 68.08±1.7 47±1.9 80±2.2 4.86±0.8 3.53±0.6 3.91±0.13 96.81±0.41 32.87±0.46

F9 68.36±1.8 46±1.8 79±2.1 4.53±0.8 3.34±0.3 4.15±0.11 98.84±0.56 30.13±.055

Figure 1 In vitro drug release profile of OSH from trans–dermal films (n=3; 
Mean±SD).

Figure 2 Ex vivo drug release profile of OSH from trans–dermal films (n=3; 
Mean±SD).

Figure 3 Comparison of in vitro and ex vivo drug release from OSH trans–
dermal films (n=3; Mean±SD).

Figure 4 Ex vivo skin permeation steady state flux, permeability coefficients of 
trans–dermal films (n=3; Mean±SD).

Kinetic modelling of drug release 

To analyze the OSH release mechanism as well as to select the 
matrix layer for formulation, in vitro release data were fitted into 
various release equations and kinetic models like first order, zero 
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order, Higuchi and Korsmeyer and Peppas. Thus, it may be concluded 
that drug release from OSH matrix films is best explained by the 
Korsmeyer and Peppas model and zero order. The value of the slope 
indicates that the drug released by zero order type as shown in Table 3.

Drug–excipients interactions 

DSC thermograms of plain drug, formulation and placebo film 
were shown in Figure 5. The characteristic peaks of pattern followed 
the same path as that of the drug alone with minor difference due to 
dilution effect. 

Stability studies

Stability studies were carried out at 45°C and 75% RH for three 
months to assess their stability. After storage, the formulation was 
subjected to drug content and in vitro release studies Table 4. The 
calculated similarity index value between dissolution profiles of F6 
formulation before and after storage was found to be 88.76, which 
is more than 50 indicates similarity between the dissolution profile 
before and after storage. From the statistical analysis there was no 
significant difference between before and after storage (P<0.05). 

 Table 3 Kinetics data of formulation F6 OSH Transdermal films

Formulation parameter Zero order model (R2)
First order model 
(R2)

Higuchi model (R2) Peppas model

n R2

In vivo release 0.995 0.776 0.999 0.823 0.998

Ex vivo release 0.999 0.789 0.986 0.778 0.993

Table 4 Stability studies of F6 formulation before and after 3 months

Time (h) Before storage After 3 months storage t–test at 0.05 LS Similarity factor

0 0.0±0.0 0.0±0.0 Not Significant 88.76

1 9.92±0.69 8.78±0.89

2 19.98±1.78 18.67±0.56

3 28.73±1.65 28.42±1.15

4 39.48±0.12 38.78±0.78

5 47.91±0.36 46.64±1.26

6 57.16±0.77 55.98±0.24

12 99.12±0.96 98.31±0.78

Assay (%) 99.83±0.74 98.42±0.54 Not Significant –

Figure 5 DSC thermo–gram of
a. Pure drug
b. F6 formulation
c. Dummy formulation

Discussion
The present study is aimed to formulate the OSH transdermal films 

to overcome the first pass hepatic metabolism. In this study OSH 
transdermal films were prepared by the solvent evaporation technique 
using ethyl cellulose, eudragit RL100, eudragit RS100, polyvinyl 
pyrrolidone and polyvinyl alcohol. The prepared transdermal 
films were evaluated for various physical characteristics. From 
the evaluation all the films were found to be uniform in the weight 
variation, thickness and drug content uniformity. The results of folding 
endurance specified that the films would not break and maintain their 
integrity with general skin folding. The folding endurance of eudragit 
films is higher than films containing ethyl cellulose and PVA–PVP.

 From the film evaluation, the values of % swellability, water 
vapour transmission, moisture uptake and % moisture content of all 
formulations were in the acceptable range. The study of hydration of 
polymers is an important finding that regulates the drug release from 
controlled/sustained release matrix. The result of water uptake by 
the polymer causes empty spaces within the film that could decrease 
its mechanical integrity and becomes structure less. The effect of 
hydration and water uptake is more common in hydrophilic polymers, 
so films containing higher amount of PVP showed good water vapour 
transmission than that of eudragit and ethyl cellulose films. PVP 
films showed the more water vapour permeation as a result of the 
irregular arrangement of molecules in the amorphous state, which 
causes the molecules to be spaced further apart than in crystal. From 
the moisture content studies, all the formulations showed below 5% 
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moisture content and moisture uptake. Similar type of results was 
observed in a study developed by Fatima et al.11 As the moisture 
content of the prepared formulations was low, that results the more 
stable formulations with reduced brittleness, bulkiness and microbial 
contamination during long term storage.22

 From the in vivo drug release studies, the percentage drug 
release was found to be highest for formulation made up of PVA: 
PVP in ratio 1:4 due to the hydrophilic nature of polymer. Drug 
release from transdermal films is not only controlled by the chemical 
properties of the drug and delivery form but also by physiological and 
physicochemical properties of the biological membrane. Diffusion is 
the major pathway of drug release in most controlled release devices 
and is strongly influenced by polymer matrix as the motion of a small 
molecule is restricted by the three dimensional network of polymer 
chains. The drug release from OSH matrix films is best explained 
by the Korsmeyer and Peppas model and zero order. Similar kinds 
of results were observed in a study developed by Keith, 1983 using 
different matrix systems.3

From the ex vivo skin permeability studies, the cumulative percent 
drug permeation was higher in case of PVA–PVP polymer containing 
matrix due to hydrophilic nature of the polymers that initiates leaching 
of PVP and pore formation. This leads to an increase in the external 
film area exposed to the solvent, increased internal porosity and 
decreased tortuosity. Another reason of enhancement of skin flux with 
increase of PVP in the films is anti nucleating effect of PVP converts 
crystalline drug into high energetic and soluble amorphous state and 
its co enhancing property in aqueous vehicle system. The film made 
up of EC: PVP showed the slowest permeation due to the hydrophobic 
nature of the polymer which helps to retain the drug in the matrix 
by reducing the penetration of the solvent molecules into the film. 
On the basis of the ex vivo skin permeability studies, it appears that 
menthol at a concentration of 5% w/w is effective for enhancing the 
transdermal transport of OSH. If the drugs are intended for delivery 
to humans, the most appropriate setting in which to do the assessment 
is the in vivo human. However, this may not be possible for ethical, 
practical, or economic reasons, particularly in the early phases of 
development. Hence it is necessary to find alternative methods. Skin 
of rodents (mice, rats, guinea pigs etc) is the most commonly used in 
in–vitro percutaneous permeation studies, due to its availability, their 
small size, and relatively low cost. There are different hairless strains 
of each species that are reported to mimic the permeation properties 
of human skin better than the hairy variety. Among rodents, rat skin is 
most structurally similar to human skin and it is the most frequently 
used rodent model.23

The results of DSC thermograms of plain drug, formulation and 
placebo film were shown that there were no possible interactions 
between them. From the stability studies, after storage, the best 
formulation (F6) films showed that there was no significant change 
in the drug content and in vitro release studies. From the statistical 
analysis there was no significant difference between before and after 
storage (P<0.05). The calculated similarity index value between 
dissolution profiles of F6 formulation before and after storage was 
found to be more than 50 indicate similarity between the dissolution 
profile before and after storage.24 

Conclusion
OSH, an anti–emetic drug has been selected which has half–life 

of 5–6h, the drug undergoes first pass hepatic metabolism. Hence in 
the current study, an attempt was made to provide transdermal drug 

delivery using water soluble and water insoluble polymers with OSH 
as the model drug. DSC study shows that there is no incompatibility 
between drug and polymers. The transdermal films were prepared 
using solvent casting method using combination of EC, PVP, PVA 
and eudragit in various ratios using dibutyl phthalate as plasticizer 
and menthol as a permeation enhancer. The F6 formulation (PVA: 
PVP=1:4) shows optimum diffusion in concentration independent 
manner. The above formulation gave a maximum drug diffusion 
of 73.28% over a period of 12h. Higuchi’s plot for the formulation 
revealed that the predominant mechanism of drug release is diffusion. 
However from peppa’s plot the n value for F6 was indicating non–
fickian diffusion. As an extension of this work pharmacokinetic 
studies and controlled clinical studies on human beings can be carried 
out in future.
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