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Abstract 

The idea of delivering drugs through skin is old, as the use is reported back in 16th century B.C. The husk of the castor 
oil plant in water was placed on an aching head. Today the transdermal drug delivery is well accepted for delivering 
drugs to the systemic circulation. The aim of this study was to design a compound transdermal patches containing 
ondansetrone HCL and dexamethasone for the treatment of nausea and vomiting in case of chemotherapy and regular 
symptom of nausea and vomiting. In the present work, an attempt has been made to develop a matrix-type transdermal 
therapeutic system comprising of Ondansetron-HCl and Dexamethasone in different ratios of hydrophilic and 
hydrophobic polymeric combinations with 15% w/v plasticizer and 5% w/v penetration enhancer were mixed with the 
polymer solution polymer were using solvent evaporation technique. The patches were further subjected to various 
characterization studies for prepared transdermal patches along with the thickness, tensile strength, folding endurance, 
% elongation, % moisture content, % moisture uptake, % drug content, In vitro drug permeation study on Franz 
diffusion cells. Obtained results showed no physical-chemical incompatibility between drugs and polymers. On the basis 
of results obtained from, tensile strength (18±0.16), folding endurance (126 ± 1 to 68 ± 2), % moisture content (2.9±0.4), 
% moisture uptake, % drug content (92.41 to 98.9 %), TPEC (Transdermal Patches of Ethyl Cellulose) was selected as 
optimized formulation. In vitro release of the selected batch, TPEC-1 followed by zero-order and formulation showed 
62.69 % drug diffusion within 10 hours. Conclusively, the patches were considered to deliver drugs safely through the 
skin for a longer period often.  

Keywords:  Transdermal drug delivery; Transdermal patches; Ondansetron HCl; Dexamethasone; Ex vivo etc. 

1. Introduction

The concept and technology of controlled release have received increasing attention in the face of growing toxicity and 
ineffectiveness of drug when administration or applied by conventional method [1]. The findings accumulated over the 
years have practically revolutionized the old concept of impermeable skin barrier and motivated a number of 
pharmaceutical scientists to develop patch type drug delivery system for transdermal rate controlled administration of 
drugs for systemic medications. Transdermal drug delivery system can be defined as the delivery of drug across the 
epidermis to achieve systemic effects. The success of transdermal patches lies in their commercialization. Transdermal 
patches control the delivery of drugs at controlled rate by employing an appropriate combination of hydrophilic and 
lipophilic polymers [2-5]. 

Ondansetron is a serotonin (5-hydroxytryptamine) subtype 3 (5-HT3) receptor antagonist used in the management of 
nausea and vomiting [6-8]. 5-HT3 receptors, located centrally in the chemoreceptor trigger zone of the area postrema 
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as well as peripherally on vagal nerve terminals, are key receptors in the nausea and vomiting response. Ondansetron 
has been used to prevent and control chemotherapy-induced nausea and vomiting (CINV), Ondansetron is also effective 
in controlling post-operative nausea and vomiting (PONV), radiotherapy and surgery [9]. 

Due to its short half-life and low bioavailability, it is administered orally 3 to 4 times a day, wherein the patient 
compliance is low [10]. Alternative route of drug administration like rectal and nasal administrations of ondansetron 
are also considered to have low patient compliance [11-12]. Drug in adhesive type transdermal delivery systems of 
ondansetron hydrochloride were developed by Gwak [13] but the flux achieved was significantly less than the desired 
flux. Hence, in the present study, an attempt has been made to assess the feasibility of ondansetron hydrochloride 
delivery through transdermal route using ethyl cellulose as release modulating polymeric system. 

Dexamethasone is a synthetic glucocorticoid [14] widely used in inflammatory condition [15] and to enhance the normal 
immune response [16]. It is used as a therapeutic agent in alcohol withdrawal syndrome [17], cerebral edema [18], 
congenital adrenal hyperplasia [14], nausea, and vomiting, especially associated with a high dose of anticancer agents 
[19], high altitude disorder [18], cerebral malaria, opportunistic mycobacterial infections, respiratory disorders, skin 
disorders [14], and rheumatism [20]. Dexamethasone possesses most of the desirable physicochemical and biological 
properties, e.g. half-life of 2 and 5 hour, plasma protein binding is about 67%, and a small daily dose ranging from 0.5 
to 9 mg, while the associated drawbacks like hepatic first-pass effect of the drug and gastric irritation upon oral 
administration can also be overcome by transdermal delivery [21]. 

The goal of this work was to develop a matrix-type transdermal therapeutic system comprising of Ondansetron- HCl 
and dexamethasone in different ratios of hydrophilic and hydrophobic polymeric combinations such as penetration 
enhancer (5%w/v) was also incorporated in the formulation polyvinyl pyrolidoneoleic acid using solvent evaporation 
technique.  

2. Material and methods 

2.1. Material 

Ondansetrone HCL powder was generous gift sample provided by Kopran Laboratories Ltd. Mumbai and 
Dexamethasone grade drug powder was gift sample provided by the Sun pharmaceutical industry Ltd. Mumbai. HPMC 
(Hydroxy-Propyl-methyl-cellulose) AR grade were purchased from Oxford Laboratories Limited Mumbai India. All 
other laboratory chemicals used in this study was analytical grade. Polyethylene glycol-400, Ethyl cellulose, polyvinyl 
pyrolidione K-30 (PVPK-30) was purchased from Oxford laboratory Mumbai India. Span-80 (AR grade) was purchased 
from Suvidhinath laboratories Baroda. Ethanol absolute obtained from Changshu Yangyuan chemical co. ltd China. All 
the liquid and powder material was stored at room temperature.  

2.2. Method 

2.2.1. Formulation of Drug Loaded Transdermal Patches 

TDDS composed of different polymer combination (10% w/v) in different ratios of Ethyl cellulose and HPMC, HPMC 
and PVA, Ethyl cellulose and PVP containing Ondansatron- HCl and dexamethasone (~1.2 mg/square centimeter patch) 
were prepared using the glass mould solvent evaporation technique [22]. Di-n-butyl phthalate was incorporated as a 
plasticizer at a concentration of 15% w/w of dry weight of polymers. Backing membrane was cast by pouring and then 
evaporating 5% aqueous solution of polyvinyl alcohol in Petri dish covered on one side with aluminum foil, at 60°C for 
6 hours. The matrix was prepared by pouring the homogeneous dispersion of drug with different blends of either type 
of lipophilic polymer (EC, HPMC or PVA) with PVP in chloroform on the backing membrane in Petri dish. The above 
dispersion was evaporated slowly at 40°C for 2 hour to achieve a drug–polymer matrix film then film was removed cut 
in 2 cm2 pieces and store in desiccators till further analysis or used (Figure 1).  



GSC Biological and Pharmaceutical Sciences, 2021, 14(03), 068–078 

70 

 

Figure 1 2×2 cm2 Transdermal patch of TPEMC 

2.3. Characterization of Transdermal patches 

2.3.1. Thickness 

The film thicknesses of prepared patches were measured by difference using Vernier calipers. The prepared patch was 
measured at five different points [23-24]. The thickness uniformity was measured at five different sites and average of 
five readings was taken with standard deviation (Table 2). 

2.3.2. Moisture content 

The prepared patches were cut into 20×20 mm strips, were weighed individually and kept in a desiccator containing 
silica indicative type at room temperature for at least 24 hours or more until it showed a constant weight. The moisture 
content was the difference between the constant weight taken and the initial weight and was reported in terms of 
percentage (by weight) moisture content [25-26]. 

% Moisture content = 
𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒘𝒆𝒊𝒈𝒉𝒕−𝒇𝒊𝒏𝒂𝒍𝒘𝒆𝒊𝒈𝒉𝒕

𝑰𝒏𝒊𝒕𝒊𝒂𝒍𝒘𝒆𝒊𝒈𝒉𝒕
× 100 

2.3.3. Moisture uptake 

The water absorption capacities of various films were determined at 82% relative humidity (RH). Films were cut into 
20×20 mm strips, were weighed, kept in desiccators at room temperature for 24 hours, removed and exposed to RH 
conditions of 82% (containing saturated solution of potassium chloride) in different desiccators at room temperature. 
Weight was taken periodically until a constant weight was obtained. The water absorption capacity of the films (in 
weight %) was calculated in terms of percentage increase in the weight of film over the initial weight of the strip [25, 
27, 28]. 

% Moisture absorption =   
𝑭𝒊𝒏𝒂𝒍 𝒘𝒆𝒊𝒈𝒉𝒕−𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒘𝒆𝒊𝒈𝒉𝒕

𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒘𝒆𝒊𝒈𝒉𝒕
× 𝟏𝟎𝟎 

2.3.4. Tensile Strength 

The tensile strength was determined by using a modified pulley system. It contains two clamps, one was fixed and other 
was movable. The strips of the patch (2×2 cm2) was cut and set between these two clamps. Weight was gradually 
increased on the pan, so as to increase the pulling force till the patch broke. The force required to break the film was 
consider as a tensile strength and it was calculated as kg/cm2. The thickness and width of strips were noted at three 
sites and average value was taken for calculation. The rate of change of stress was kept constant with the increment of 
18, 21, 24, 28, 29, 32, 34, 36 kg/cm2 per 2 minutes [29-30].  

The tensile strength was calculated by using following formula: Tensile Strength = (Break force/ a×b) 

Where, a and b are the width & thickness, of the films respectively. 
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2.4. Folding endurance 

The disintegration apparatus was modified as a folding endurance apparatus. Folding endurances were measured to 
determine the ability of patch withstand to rupture. Folding endurance of films was determined by continually folding 
a small strip of film (2 cm × 2 cm) at the same place till it broke. The number of time the film could be folded at the same 
place without breaking was the folding endurance value of that prepared transdermal film [31].  

2.5. Drug content 

To determine drug content the patch of area 2 x 2 cm2 was cut into small pieces and dissolved in 100 ml of isotonic 
phosphate buffer of pH 7.4 and utrasonicated for 30 min, then the solution were stirred with a magnetic bead 
continuously for 5 hours. After filtration, 1 ml was withdrawn from the solution and diluted to 10 ml. The absorbance 
of the solution was taken at 310 nm for Ondansetron and 251 nm for Dexamethasone using concentration was 
calculated. By correcting dilution factor, the drug content was calculated [32-33]. 

2.6. Weight variation 

The study was carried out on three films obtained from casting solution. The mean weight of the film as well as the 
deviation from the mean was obtained and the data was recorded. The weight of each patch was taken using electronic 
balance. The test was done to check the uniformity of weight and thus check the batch- to- batch variation [29, 34].  

2.7. In-vitro Drug Diffusion Study 

2.7.1. Preparation of skin 

The In-vitro skin permeation of Ondansetron and dexamethasone from the selected TDDS through depilated rat 
abdominal skin was conducted using a modified Franz diffusion cell. The study was conducted in accordance with the 
Helsinki declaration and animal care and facilities in Principles and Methods of Toxicology. 

Male Wistar rats weighing 180–200 gm were used and anesthetized with brief ether inhalation and killed by cervical 
dislocation. Their hair was removed with depilatory agent for 10 minutes about 12 hours before sacrifice and abdominal 
skin was carefully excised. The adhering fat and debris were carefully removed from the skin samples and kept in -25°C 
deep freeze until used in the diffusion studies.  

The skin samples were soaked in isotonic saline solution for 30 minutes before starting diffusion experiments. This 
procedure was carried out under approval of Ravishankar College of Pharmacy, Ethics Committee of Experimental 
Animals (1733/PO/Re/S/13/CPCSEA). When determining the number of animals, we have considered the reduction 
rule, and minimum number of rats has been used [22]. 

2.8. Permeation study 

Normal saline containing 20% v/v of polyethylene glycol 400 was used as bathing solution (Burger and Miller 1989) in 
the receptor compartment of a modified Franz diffusion cell. The selection of the receptor fluid is an important criterion 
in the In vitro skin permeation studies. Biphasic characteristics of the receptor fluid are desirable as the diffusion of 
drug molecules is through both aqueous and non-aqueous heterogeneous media. PEG 400 and normal saline are 
commonly chosen to provide the biphasic characteristics to the receptor fluid [36]. Moreover, PEG 400 is a non-
interacting fluid for the receptor media [37]. 

The skin was mounted between donor and receiver compartments of the diffusion cell having capacity 300 ml with the 
epidermis facing upward into the donor compartment. The film of area 2 cm2 to be tested was placed on the skin. The 
bathing solution in receiver compartment was agitated with a magnetic stirrer at a temperature of 34±1°C maintained 
thermostatically. Samples (1 ml in each case) were withdrawn at regular intervals and fresh receptor fluid was added 
to maintain a constant volume of receptor fluid. The samples were analyzed spectrophotometrically at 310 nm for 
ondansetron and at 244 nm for dexamethasone, and the drug content was determined from the calibration curve. A 
similar set was run simultaneously using the patch (without drug) at the donor compartment as a skin patch control 
system to avoid the influence of inherent extracts from the skin or leaching of any material from the patch without drug 
on the absorbance at 310 nm and 249 nm for ondansetron and dexamethasone respectively, at which the sample 
aliquots were analyzed spectrophotometrically. The diffusion study was carried out for 72 hours and 1 ml sample was 
withdrawn at interval of each suitable time (0.5,1,2,4,6,8,12,24,48,72). The obtained data was use to determine the 
release kinetics of the formulations. 
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3. Results and discussion 

In the present study, efforts have been made to prepare ondansetron hydrochloride and dexamethasone transdermal 
patches using solvent evaporation technique. The films were prepared by using different hydrophilic polymers such as 
EC, HPMC, PVP and PVA.  

Table 1 Formulation of Ondansetron HCl and Dexamethasone Patches 

Formulation Polymer Plasticizer 
PEG (%w/w) 
(gm)  

Penetration 
enhancer 
(Span80)  
(%w/w) 

Drug 
(%w/w) 

EC:HPMC 

10%w/w (g) 

HPMC:PVA 

10 % w/w (g) 

EC:PVP 

10%w/w (g) 

TPEMC -1 1:1 - - 1.5% 5% 10% 

TPEMC -2 1:2 - - 1.5% 5% 10% 

TPEMC -3 1:3 - - 1.5% 5% 10% 

TPVAMC -1 - 2:8 - 1.5% 5% 10% 

TPVAMC -2 - 5:5 - 1.5% 5% 10% 

TPVAMC -3 - 8:2 - 1.5% 5% 10% 

TPEVP -1 - - 8:2 1.5% 5% 10% 

TPEVP -2 - - 5:5 1.5% 5% 10% 

TPEVP -3 - - 2:8 1.5% 5% 10% 

3.1. Physio-chemical Evaluation 

3.1.1. Thickness and Folding endurance 

The thickness of the TPEMC films varied from 0.4 to 0.8 mm. The maximum standard deviation assured that the process 
used for preparing the delivery system is capable of giving reproducible results. This fact further confirmed by drug 
content and weight uniformity studies. In order to evaluate the flexibility, the films were subjected to folding endurance 
studies. The values in the range of 68 to 126 were observed in all batches. This revealed that the prepared films were 
having capability to withstand the mechanical pressure along with good flexibility (Table 2 and Figure 1 and 7). 

Table 2 Physical Characterization of Transdermal Patches. 

Formulation 
code 

Thickness  
index 

(mm) 

Moisture 
content 

(%) 

Moisture 
uptake 

(%) 

Tensile 
strength 

(kg/cm2) 

Folding 
endurance 

(Times) 

Drug 
content in 
(ml) 

Weight 
variation  

(g) 

TPEMC -1 0.59±0.14 2.5±0.23 4.7±0.15 18±0.16 68±0.26 92.23±0.12 0.482±0.21 

TPEMC -2 0.53±0.13 2.9±0.35 5±0.14 21±0.26 73±0.35 92.36±0.11 0.521±0.12 

TPEMC -3 0.45±0.32 3.3±0.13 5.4±0.11 29±0.23 89±0.12 92.53±0.16 0.965±0.11 

TPVAMC -1 0.48±0.65 4.2±0.5 6.2±0.12 32±0.25 126±0.2 97.61±0.15 1.85±0.36 

TPVAMC -2 0.61±0.45 3.9±0.16 5.9±0.32 28±0.20 95±0.12 97.63±0.20 1.35±0.5 

TPVAMC -3 0.85±0.32 3.5±0.6 4.5±0.6 22±0.21 82±0.86 97.71±0.22 2.21±0.14 

TPEVP -1 0.82±0.12 1.8±0.12 1.3±0.35 15±0.23 71±0.75 98.45±0.35 2.25±0.14 

TPEVP -2 0.71±0.21 2.3±0.13 1.5±0.22 24±0.30 83±0.15 98.62±0.32 1.45±0.19 

TPEVP -3 0.65±0.31 2.8±0.12 2.3±0.25 28±0.31 92±0.31 98.84±0.42 1.95±0.15 
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Figure 1 Thickness of patches of different formulations 

 

Figure 2 % Folding Endurance of patches 

3.2. Moisture uptake 

The physio-chemical evaluation data of table 2 and Figure 2 indicates that the formulation TPVAMC-1 (HPMC 0.7 % and 
PVA 2.8%) has shown the highest maximum absorption (6.2±0.12) than the other formulation. This may be due to the 
presence of high hydrophilicity of HPMC and PVP. The batch TPEVP-1 (EC 2.8% and PVP 0.7%) has shown the least 
percent moisture absorption. This might be due to the presence of the polymers in unequal composition hindered the 
moisture absorption characteristics. Moisture in optimum value helps to maintain the flexibility of patches. Patches 
contain very small amount of Moisture may be brittle in nature. The formulation show patches that were formulate with 
water soluble polymer show high moisture due to their water absorption capacity. 

3.3. Moisture content 

The batch TPVAMC-1 (HPMC 0.7% and PVA 2.8%) has shown the thigh moisture loss (4.2±0.5) when compared to batch 
TPEVP-1 (EC 2.8% and PVP 0.7%), (1.8±0.12). This could be attributed to the low moisture retaining capacity of the 
ethyl cellulose and PVP (Table 2 and Figure 3). 
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Figure 3 % Moisture content of patches 

3.4. Tensile strength 

Tensile strength mainly depends upon the concentration of plasticizer used in the formulation. The tensile strength was 
found to be in the range of 15kg/cm2 to 32 kg/cm2 to. Low tensile strength of patches was easily breakable and high 
strength makes patch brittle. Tensile strength of patches was also depends on polymer concentration or ratio of polymer 
and plasticizer. The batch TPVAMC-1 showed the highest tensile strength i.e. 32±0.25 and the batch TPEVP-1 shown the 
lowest tensile strength i.e. 15±0.23 (Table 2 and Figure 4). 

 

Figure 4 % Tensile strength of Patches 

3.5. Weight variation 

The weight variation of patches was found in the range of 0.48 to 2.25. The assessment of weight variation was 
performed by weighing individually drug loaded five patches of every formulation on a digital balance. The average 
weights were calculated and the standard deviation from the average weights measured, which revealed that thickness 
were increases as hydrophilic portion of polymer increases. Weight variation of patches was also depends on polymer 
concentration or ratio of polymer and plasticizer. (Table 2 and Figure 5). 
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Figure 5 Weight variation of Patches 

3.6. Drug content 

The drug content was in the range of 92 to 98. % for all the formulations, suggested that the drug and polymers 
uniformly distributed in matrix dispersion. It also suggested that method of preparation was suitable for the formulation 
of transdermal matrix patch of ondansetron hydrochloride or Dexamethasone (Table 2 and Figure 6). 

 

Figure 6 % Drug content of patches 

3.7. In vitro and In vivo Drug Diffusion Study 

The rat skin was used to carry out the study. The formulation TPEMC (EC: HPMC-1:1) showed drug diffusion for 10 
hours up to 62.69 %. The % drug diffusion from all the prepared formulations is given in the table-1.The drug release 
for different formulations i.e. TPEMC-1, TPEMC-2, TPEMC-3, TPVAMC-1, TPVAMC-2, TPVAMC-3, TPEVP-1, TPEVP-2, 
TPEVP-3 was found 52.11±31, 54.09±36, 55.01±0.16, 56.01±32, 59.09±0.22, 62.09±35, 65.095±32, 68.099±01 in 48 
hours respectively. In ex-vivo drug release data of final selected optimized batch was subjected to different kinetic 
models to study the mechanism of drug release and found the regression coefficient (R2) for Zero order was 0.9776, for 
first order 0.5335, for Matrix Diffusion Higuchi was 0.9933, which indicated that diffusion might be one of the prominent 
mechanism influencing the drug release, for Korsmeyer-Peppas was 0.9487, and for Hixson Crowell it was found 0.6726. 
Regression coefficient also suggested that drug release from the patch follow zero order and from the patch drug was 
release continuously in a controlled manner up to 24 hours. The correlation coefficient (R2) of Higuchi’s model was 
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found to be 0.9933 that indicates diffusion of drug from the prepared patches. Thus, the selected batch TPEMC 1 
followed zero order. Drug release mechanism occur first by swelling of polymer matrix and then drug was diffuse out 
from the matrix, so it follows Higuchi’s and Korsmeyer- Peppas model more effectively (Figure 7). 

 

Figure 7 Comparative Drug Release Curve of Ex vivo diffusion study of patches 

Drug release of final selected optimized batch (TPVAMC-1) was subjected to different kinetic models to study the 
mechanism of drug release from the patch and through the skin. Regression coefficient also suggested that drug release 
from the patch follow zero order and from the patch drug was release continuously in a controlled manner up to 72 
hours (Table 3). The following batch has shown drug release for 24 hours to the extent of 48.24%. The In vitro drug 
release plot has shown that the drug release followed zero order kinetics which was evidenced from the regression 
value of the above mentioned plot. The correlation coefficient (R2) of Higuchi’s model was found to be 0.993 that 
indicate diffusion occurred (Table 4).  

Ex vivo study was carried out in rat skin, formulation Batch TPVAMC (HPMC: PVA) showed drug diffusion, for 24 hours 
up to the extent of 60.12%. To ensure the correlation between the In vitro and In vivo release pattern analysis was 
carried out. They are well correlated, so the release pattern is followed the predicted zero order kinetics in biological 
system also. 

Skin irritation studies revealed that the batch TPVAMC (HPMC: PVA) has no erythema and oedema. 

4. Conclusion 

This study provide an valuable information regarding the transdermal drug delivery systems and its evaluation process 
details as a ready reference for the research scientist who are involved in TDDS. The foregoing shows that TDDS have 
great potentials, being able to use for both hydrophobic and hydrophilic active substance into promising deliverable 
drugs. To optimize this drug delivery system, greater understanding of the different mechanisms of biological 
interactions, and polymer are required. TDDS is a realistic practical application as the next generation of drug delivery 
system. And the batch TPVAMC (HPMC: PVA) has achieved the targets of present study such as extended release, 
prolonged zero order, reduced frequency of administration, and thus may improve the patient compliance.  
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