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ABSTRACT 
The study investigated clopidogrel-loaded polymeric transdermal patches prepared with HPMC E15 and 

Eudragit RL100 and examined the effect of polymer levels on patch performance. Nine formulations were 
produced by solvent casting using the formulation components reported in the source thesis. HPMC E15 (250–
350 mg) and Eudragit RL100 (100–200 mg) were varied according to the reported design-of-experiments matrix. 
The patches were examined for thickness, weight variation, folding endurance, moisture content, moisture uptake, 
tensile strength and 24-h in-vitro drug release using a Franz diffusion cell. Film thickness was 0.53–0.58 mm, 
folding endurance was 140–166 folds and tensile strength was 3.13–8.26 N/mm². The reported 24-h drug release 
was 86–97%; F6 had the highest reported value of 97%. The supplied thesis identifies a response-surface DOE 
approach using Design-Expert software, but the numerical ANOVA/model output was not available in the material 
reviewed. Therefore, no unverified statistical value or optimization claim has been added. The results support 
continued formulation optimization of clopidogrel transdermal patches using the original Design-Expert output 
and raw experimental records. 
Keywords: clopidogrel; transdermal patch; HPMC E15; Eudragit RL100; solvent casting; design of experiments; 
drug release. 
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INTRODUCTION 
Transdermal delivery is intended to move a drug 
across the skin and, when systemic exposure is 
required, into the circulation. It can provide a 
controlled input profile and may reduce dependence 
on gastrointestinal absorption and hepatic first-pass 
metabolism. The main limitation is the low 
permeability of the stratum corneum, so polymer 
selection, film structure, drug properties and 
permeation-enhancing components are important 
during formulation development.1–4 
Clopidogrel is an antiplatelet prodrug used in the 
prevention of atherothrombotic events. The source 
thesis selected clopidogrel for experimental 
transdermal development and used a 10-mg drug 
load in a 2 × 2 cm patch. The work focused on 
polymeric matrix formation using HPMC E15 and 
Eudragit RL100, with additional formulation 
components including DMSO and PEG 400. 
Response-surface design of experiments can 
evaluate formulation variables together and can 
reduce reliance on sequential one-factor-at-a-time 
trials. Such statistical approaches have been applied 
to transdermal films to study polymer levels and 
formulation responses.5–9 

MATERIALS AND METHODS 
Materials 
Clopidogrel, HPMC E15, Eudragit RL100, DMSO, 
PEG 400, polyvinyl alcohol, methanol and 
chloroform were the materials listed for the 
formulation work. The thesis identifies Research 
Lab Fine Chem as the source for the listed laboratory 
chemicals. Equipment included a UV 
spectrophotometer, FTIR instrument, magnetic 
stirrer, hot-air oven, Franz diffusion cell and related 
laboratory apparatus. 
Preformulation and analytical method 
Clopidogrel was assessed for appearance, odour, 
taste, physical nature, qualitative solubility and 
melting point. The reported melting point was 
177°C, compared with a reference range of 176–
178°C. Calibration solutions in methanol covered 
0.2–1.2 µg/mL; the thesis reports y = 0.1113x + 
0.0032 with R² = 0.9973. Drug content was 
described as an extraction in 1:1 
methanol:chloroform followed by UV measurement 
at 338 nm against the solvent blank. FTIR was used 
to examine the drug and drug–polymer system. 
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Figure 1. Standard calibration curve of 
clopidogrel in methanol. 

 
Figure 2. FTIR spectrum of clopidogrel. 

 
Figure 3. FTIR spectrum of the clopidogrel-
loaded polymeric formulation. 
Design of experiments 
The thesis reports use of Design-Expert® version 13 
for response-surface DOE. HPMC E15 (X1/A) and 
Eudragit RL100 (X2/B) were the two formulation 
factors. The thesis describes the design as a Box–
Behnken response-surface design and lists 
percentage drug release (Y2) together with an 
optimization-related response identified as 
entrapment efficiency (Y1). Because the numerical 
Y1 results and complete model/ANOVA output 
were not available in the supplied results, they are 
not reproduced or inferred here. The exact design 
type should be confirmed from the original Design-
Expert project before submission. 
Table 1. Experimental formulation matrix and 
reported 24-h drug release. 

Formulat

ion 

Clopido

grel 

(mg) 

HP

MC 

E15 

(mg) 

Eudra

git 

RL100 

(mg) 

24-h 

relea

se 

(%) 

F1 10 250 100 91 

F2 10 300 200 88 

F3 10 250 150 96 

F4 10 350 100 92 

F5 10 300 100 86 

F6 10 350 200 97 

F7 10 250 200 93 

F8 10 300 150 89 

F9 10 350 150 90 

 
Figure 4. Three-dimensional response-surface 
plot showing the effect of HPMC E15 and 
Eudragit RL100 on percentage drug release. 

 
Figure 5. Design-Expert desirability/optimization 
plot or 3D response-surface output. 
Preparation of transdermal patches 
Each experimental patch measured 2 × 2 cm and was 
intended to contain 10 mg clopidogrel. The films 
were prepared by solvent casting. A polyvinyl 
alcohol backing membrane was prepared, while the 
casting mixture contained clopidogrel, HPMC E15, 
Eudragit RL100, DMSO, PEG 400, methanol and 
chloroform according to the formulation work. After 
mixing, the casting dispersion was transferred to a 
glass mould and allowed to form a film by solvent 
evaporation. The dried film was cut to the required 
patch size and stored as described in the source work. 
Evaluation of patches 
Thickness was measured at different locations using 
a digital vernier calliper. For weight variation, dried 
patch samples were weighed after drying at 60°C for 
4 h. Folding endurance was determined by repeated 
folding at the same position until breakage. Moisture 
content was assessed after exposure to fused calcium 

y = 0.1113x + 0.0032 R² = 0.9973
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chloride for 24 h, whereas moisture uptake was 
measured after exposure to saturated potassium 
chloride at approximately 84% relative humidity for 
24 h. Drug content was described using three films 
per formulation, and percentage elongation at break 
was also determined. In-vitro release was performed 
with a Franz diffusion cell containing phosphate 
buffer pH 7.4 at 37 ± 1°C. Three-millilitre samples 
were withdrawn at predetermined intervals and 
replaced with fresh medium; the experiment 
continued for 24 h. 
Ethics statement. No human or animal 
experimentation was reported; the work comprised 
formulation development and in-vitro evaluation, so 
human/animal ethics approval was not applicable. 
RESULTS AND DISCUSSION 
Preformulation findings 
Table 2. Preformulation and analytical findings. 

Parameter Reported observation 

Appearance White 

Odour Odourless 

Taste Tasteless 

Physical nature Amorphous powder 

Solubility 

Freely soluble in 

methanol and 

chloroform; sparingly 

soluble in methylene 

chloride; insoluble in 

ethyl ether and water 

Melting point 
177°C; reference 176–

178°C 

Methanol calibration 

0.2–1.2 µg/mL; y = 

0.1113x + 0.0032; R² 

= 0.9973 

The reported preformulation observations provided 
the basis for selecting the solvent system and 
analytical procedure used for the patch study. The 
measured melting point was close to the cited 
reference range, while the methanolic calibration 
showed the reported linearity over the investigated 
concentration range. 
Physical evaluation 
Table 3. Physical and mechanical evaluation of 
clopidogrel transdermal patches. 

Form

ulatio

n 

Thic

knes

s 

(m

m) 

We

igh

t 

(m

g) 

Fold

ing 

end

uran

ce 

Moi

stur

e 

con

tent 

(%) 

Moi

stur

e 

upt

ake 

(%) 

Ten

sile 

stre

ngt

h 

(N/

mm

²) 

F1 

0.56 

± 

0.03 

53.

67 

± 

0.5

8 

140 

± 

1.31 

5.23 

± 

0.13 

4.95 

± 

0.17 

8.2

6 ± 

0.1

1 

F2 

0.53 

± 

0.02 

57.

33 

± 

0.5

8 

151 

± 

1.86 

2.12 

± 

0.21 

2.65 

± 

0.18 

6.2

9 ± 

0.2

3 

F3 

0.55 

± 

0.03 

64.

67 

± 

0.5

8 

156 

± 

1.12 

2.67 

± 

0.12 

2.87 

± 

0.23 

5.3

3 ± 

0.3

3 

F4 

0.55 

± 

0.02 

53.

67 

± 

0.5

8 

150 

± 

1.12 

5.01 

± 

0.11 

4.82 

± 

0.16 

8.0

2 ± 

0.1

1 
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F5 

0.58 

± 

0.01 

63.

67 

± 

0.5

8 

145 

± 

1.15 

4.76 

± 

0.11 

3.89 

± 

0.12 

6.3

4 ± 

0.1

1 

F6 

0.55 

± 

0.01 

52.

00 

± 

0.0

0 

161 

± 

1.12 

4.12 

± 

0.12 

3.34 

± 

0.13 

3.1

3 ± 

0.1

5 

F7 

0.55 

± 

0.03 

57.

67 

± 

0.5

8 

158 

± 

1.14 

4.44 

± 

0.19 

3.12 

± 

0.17 

5.7

6 ± 

0.1

7 

F8 

0.55 

± 

0.03 

51.

00 

± 

0.5

8 

159 

± 

1.65 

4.01 

± 

0.34 

2.51 

± 

0.16 

6.5

9 ± 

0.1

5 

F9 

0.56 

± 

0.02 

55.

00 

± 

0.5

8 

166 

± 

1.70 

3.39 

± 

0.18 

3.27 

± 

0.15 

4.6

3 ± 

0.1

1 

Across the nine formulations, thickness remained 
within 0.53–0.58 mm. Folding endurance varied 
from 140 to 166 folds, while tensile strength ranged 
from 3.13 to 8.26 N/mm². Moisture content and 
moisture uptake were 2.12–5.23% and 2.51–4.95%, 
respectively. The variation across batches indicates 
that polymer composition affected the mechanical 
and moisture-related properties of the films. 
Figure 6. Photograph  of the prepared clopidogrel 
transdermal patch. 

In-vitro drug release 
Table 4. Reported cumulative drug release after 
24 h. 

Formulation 
24-h cumulative drug 

release (%) 

F1 91 

F2 88 

F3 96 

F4 92 

F5 86 

F6 97 

F7 93 

F8 89 

F9 90 

 
Figure 7. Cumulative in-vitro drug release profile 
of F1–F9 over 24 h. 
The reported 24-h release ranged from 86% to 97%. 
F6 had the highest reported value (97%), followed 
by F3 (96%) and F7 (93%); F5 had the lowest value 
(86%). These differences are consistent with an 
influence of the HPMC E15/Eudragit RL100 
composition on release behaviour, although the 
individual factor effects and interaction cannot be 
quantified reliably without the original Design-
Expert model output. The source thesis contains an 
apparent transcription error in the F2 value at 3 h 
(reported as “13023”); this value must be checked 
against the laboratory/Excel record before Figure 7 
is finalized.10–14 
DOE interpretation 
The experimental matrix demonstrates a formulation 
space spanning three HPMC E15 levels and three 
Eudragit RL100 levels. Response-surface methods 
have been used in transdermal formulation studies to 
examine polymer combinations and identify 
promising formulation regions.8,9 The 24-h release 
values show substantial variation across the nine 
runs. However, the numerical ANOVA table, 
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regression equation, p-values, model adequacy 
statistics and confirmed desirability solution were 
not available in the supplied material. Consequently, 
F6 is reported only as the batch with the highest 
recorded 24-h release, not as a statistically validated 
optimum. The original Design-Expert project should 
be used to establish the final optimized formulation 
and to populate Figures 4–5. 
CONCLUSION 
Clopidogrel-loaded transdermal films containing 
HPMC E15 and Eudragit RL100 were prepared by 
solvent casting and evaluated using physical, 
mechanical and in-vitro release tests. The reported 
film thickness was 0.53–0.58 mm, folding endurance 
was 140–166 folds and tensile strength was 3.13–
8.26 N/mm². Cumulative drug release after 24 h was 
86–97%, with F6 giving the highest reported value 
of 97%. These findings establish the experimental 
formulation range but do not by themselves provide 
a statistically confirmed optimum. Final DOE claims 
should therefore be based on the original Design-
Expert ANOVA, model diagnostics and desirability 
output. 
ACKNOWLEDGEMENTS 
The authors acknowledge Dayanand College of 
Pharmacy, Latur, Maharashtra, for providing 
laboratory facilities and support for the study. 
CONFLICT OF INTEREST 
The authors declare that they have no conflict of 
interest. 
FUNDING 
No external funding was reported for this study. 
ETHICAL APPROVAL 
No human or animal experimentation was reported; 
the work comprised formulation development and 
in-vitro evaluation. Therefore, human/animal ethics 
approval was not applicable. 
 
REFERENCES 

1. Perumal O, Murthy SN, Kalia YN. Turning 
theory into practice: the development of 
modern transdermal drug delivery systems 
and future trends. Skin Pharmacology and 
Physiology. 2013;26(4-6):331-342. DOI: 
10.1159/000351815. 

2. Hadgraft J. Skin, the final frontier. 
International Journal of Pharmaceutics. 
2001;224(1-2):1-18. DOI: 10.1016/S0378-
5173(01)00731-1. 

3. Prausnitz MR, Langer R. Transdermal drug 
delivery. Nature Biotechnology. 
2008;26(11):1261-1268. DOI: 
10.1038/nbt.1504. 

4. Pastore MN, Kalia YN, Horstmann M, 
Roberts MS. Transdermal patches: history, 
development and pharmacology. British 
Journal of Pharmacology. 
2015;172(9):2179-2209. DOI: 
10.1111/bph.13059. 

5. Williams AC, Barry BW. Penetration 
enhancers. Advanced Drug Delivery 
Reviews. 2004;56(5):603-618. DOI: 
10.1016/j.addr.2003.10.025. 

6. Keleb E, Sharma RK, Mosa EB, Aljahwi 
AZ. Transdermal drug delivery system-
design and evaluation. International Journal 
of Advanced Pharmaceutical Sciences. 
2010;1(3):201-211. DOI: 
10.5138/ijaps.2010.0976.1055.01026. 

7. Lakhani P, Bahl R, Bafna P. Transdermal 
patches: physiochemical and in-vitro 
evaluation methods. International Journal 
of Pharmaceutical Sciences and Research. 
2015;6(5):1826-1836. DOI: 
10.13040/IJPSR.0975-8232.6(5).1826-36. 

8. Parhi R, Suresh P. Formulation 
optimization and characterization of 
transdermal film of simvastatin by response 
surface methodology. Materials Science 
and Engineering: C. 2016;58:331-341. 
DOI: 10.1016/j.msec.2015.08.056. 

9. Parhi R, Panchamukhi T. RSM-based 
design and optimization of transdermal film 
of ondansetron HCl. Journal of 
Pharmaceutical Innovation. 2020;15(1):94-
109. DOI: 10.1007/s12247-019-09373-9. 

10. Liu C, Fang L. Drug-in-adhesive patch of 
zolmitriptan: formulation and in vitro/in 
vivo correlation. AAPS PharmSciTech. 
2015;16(6):1245-1253. DOI: 
10.1208/s12249-015-0303-3. 

11. Ren C, Fang L, Ling L, Wang Q, Liu S, 
Zhao LG, et al. Design and in vivo 
evaluation of an indapamide transdermal 
patch. International Journal of 
Pharmaceutics. 2009;370(1-2):129-135. 
DOI: 10.1016/j.ijpharm.2008.12.004. 

12. Karande P, Jain A, Ergun K, Kispersky V, 
Mitragotri S. Design principles of chemical 
penetration enhancers for transdermal drug 
delivery. Proceedings of the National 
Academy of Sciences of the United States 
of America. 2005;102(13):4688-4693. 
DOI: 10.1073/pnas.0501176102. 

13. Okumura M, Sugibayashi K, Morimoto Y. 
Effect of several enhancers on the skin 
permeation of water-soluble drugs. 
Chemical and Pharmaceutical Bulletin. 
1989;37(5):1375-1378. DOI: 
10.1248/cpb.37.1375. 

14. Banerjee S, Chattopadhyay P, Ghosh A, 
Bhattacharya SS, Kundu A, Veer V. Accelerated 
stability testing of a transdermal patch composed 
of eserine and pralidoxime chloride for 
prophylaxis against (±)-anatoxin A poisoning. 
Journal of Food and Drug Analysis. 
2014;22(2):264-270. DOI: 
10.1016/j.jfda.2014.01.022. 


