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ABSTRACT 
The purpose of this research was to develop a matrix-type transdermal therapeutic system containing 
drug Amlodipine besilate with different ratios of hydrophilic (hydroxyl propyl cellulose) and hydrophobic 
(Eudragit RL/RS 100) polymeric systems by the solvent evaporation technique by using 30 % w/w of 
dibutyl phthalate and PEG-400 to the polymer weight, incorporated as plasticizer. Dimethylsulphoxide 
(7%) was used to enhance the transdermal permeation of Amlodipine besilate. The physicochemical 
compatibility of the drug and the polymers studied by differential scanning calorimetry and infrared 
spectroscopy suggested absence of any incompatibility. Formulated transdermal films were physically 
evaluated with regard to thickness, weight variation, drug content, flatness, tensile strength, folding 
endurance, percentage of moisture content and in-vitro release rate. All prepared formulations indicated 
good physical stability. In-vitro permeation studies of formulations were performed by using Franz 
diffusion cells. The in vitro release of drug across rat skin results showed that the R2 value (Table 6.5) of 
fitting model indicates that the drug release kinetics of formulations followed mixed zero-order and first-
order kinetics in different formulations. The formulation A4 (HPMC E-15 and Eudragit L100 in the ratio 
of 8:2) have showed optimum release. 
 
Keywords: Amlodipine, Transdermal Film, Permeation enhancer, In-vitro permeation study.  
 
INTRODUCTION 
Transdermal drug administration generally 
refers to topical application of agents to 
healthy intact skin either for localized 
treatment of tissues underlying the skin or 
for systemic therapy. For transdermal 
products the goal of dosage design is to 
maximize the flux through the skin into the 
systemic circulation and simultaneously 
minimize the retention and metabolism of 
the drug in the skin.1 Transdermal drug 
delivery has many advantages over the oral 
route of administration 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  
 
 
 

Permeation through Skin4,5,6 

The major problem associated with the 
dermal delivery system is the excellent 
barrier property of the skin (Fig.1). This 
resides in the outermost layer, the stratum 
corneum. This unique membrane is only 
some 20 μm thick but has evolved to 
provide a layer that prevents us from losing 
excessive amounts of water and limits the 
ingress of chemicals with which we come 
into contact.4,5 The precise mechanisms by 
which drugs permeate the stratum corneum 
are still under debate but there is substantial 
evidence that the route of permeation is a 
tortuous one following the intercellular 
channels. The diffusional path length is 
between 300 and 500 μm rather than the 20 
μm suggested by the thickness of the 
stratum corneum. However, the tortuosity 
alone cannot account for the impermeability 
of the skin. The intercellular channels 
contain a complex milieu of lipids that are 
structured into ordered bilayer arrays. It is 
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the combination of the nature of these and 
the tortuous route that is responsible. A 
diffusing drug has to cross, sequentially, 
repeated bilayers and therefore encounters 
a series of lipophilic and hydrophilic 
domains. The physicochemical properties of 
permeant are therefore crucial in dictating 
the overall rate of delivery. A molecule that 
is hydrophilic in nature will be held back by 
the lipophilic acyl chains of the lipids and 
conversely, a lipophilic permeant will not 
penetrate well through the hydrophilic head-
group regions of the lipids. Furthermore, the 
lipids appear to pack together very 
effectively, creating regions in the alkyl 
chains close to the head groups that have a 
high micro viscosity. This creates multiple 
layers in which diffusion is comparatively 
slow.6 

Hypertension, a cardiovascular diseases 
account for a large proportion of all deaths 
and disability worldwide. Global Burden of 
Disease study reported that there were 5.2 
million deaths from cardiovascular diseases 
in economically developed countries and 
9.1 million deaths from the same causes in 
developing countries. Transdermal systems 
are ideally suited for diseases that demand 
chronic treatment. Despite the suitability of 
TDDS in the treatment of chronic disease 
like hypertension, the high cost of 
antihypertensive patches than conventional 
products made the target patients to think 
twice. In spite of the high cost of 
transdermal patches for hypertension 
treatment, antihypertensive patches with the 
established dosage forms reduced the 
occurrence of hospitalization and diagnostic 
costs.7 
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Amlodipine is a dihydropyridine calcium 
antagonist (calcium ion antagonist or slow-
channel blocker) that inhibits the 
transmembrane influx of calcium ions into 
vascular smooth muscle and cardiac 
muscle. Elimination from the plasma is 
biphasic with a terminal elimination half life 
of about 30-50 h and a bioavailability of 60-
65%. It undergoes extensive first pass 
metabolism. 
Amlodipine besylate was chosen as a 
model drug for study since it possess near 
ideal characteristic that a drug must have in 
formulating a drug delivery system such as 
low molecular weight, high lipid solubility, 
effective in low plasma concentration as 
well as high degree first-pass effect. It also 
means multiple administrations with 
subsequent lack of patient compliance. The 
aim of the study was to prevent its first-pass 
metabolism and achieve control release. 
 
MATERIALS AND METHOD 
Amlodipine was received as a gift samples 
from Mission Pharma Ltd, Indore, India. 
Hydroxyl poly methyl cellulose (HPMC) and 
Eudragit RL/RS 100 were generous gift 
from Mission Pharma Ltd, Indore, India. 
DMSO, PEG-400 and di-n-butyl-phthalate 
(DBP) were procured from S.D.Fine 
chemicals, Mumbai (India). Other materials 
used in the study (chloroform, methanol, 
dichloromethane, glycerol, potassium 
dihydrogen phosphate, etc.) were of 
analytical grade. 
Double-distilled water was used throughout 
the study. 
 
Investigation of Physicochemical 
Compatibility of Drug and Polymer  
The physicochemical compatibility between 
ACF and polymers used in the films was 
studied by using differential scanning 
calorimetry (Mettler TA4000 apparatus) and 
fourier transform infrared (Perkin elmer 
1600 series USA) spectroscopy.  
 

In DSC analysis, the samples were weighed 
(5 mg), hermetically sealed in flat bottom 
aluminum pans, and heated over a 
temperature range of 50 to 300°C at a 
constant increasing rate of 10°C/min in an 
atmosphere of nitrogen (50 mL/min). The 
thermograms obtained for amlodipine 
besylate and physical mixtures of 
amlodipine besylate with polymers were 
compared. The infrared (IR) spectra were 
recorded using an FTIR by the KBr pellet 
method and spectra were recorded in the 
wavelength region between 4000 and 400 
cm–1. The spectra obtained for amlodipine 
besylate and physical mixtures of 
amlodipine besylate with polymers were 
compared. 
FTIR spectra of the drug with each excipient 
were recorded using fourier transform infra 
red spectrometer. Pellets of the drug 
sample in KBr were prepared on KBr press. 
The spectrum was scanned over a wave 
number range of 4000 to 400 cm-1.The 
obtained spectras revealed that there is no 
interaction between the drug and excipients. 
 
Preparation of Transdermal Films13 

Matrix type transdermal patches containing 
amlodipine were prepared by solvent 
evaporation technique, using different ratios 
of ERL 100 (or ERS 100) and HPMC E-15. 
The polymers were weighed in requisite 
ratios by keeping the total polymer weight 2 
gm and allowed for swelling for about 6 hrs 
in solvent mixture (1:1 ratio of 
dichloromethane:methanol). Propylene 
glycol-400 (or dibutylpthalate) was 
incorporated as plasticizer (30% w/w of 
polymers) and DMSO as penetration 
enhancer. The drug solution was added to 
the polymeric solution, and then they were 
stirred and poured on aluminium foil in a 
petridish. The rate of evaporation of the 
solvent was controlled by inverting cut 
funnel over the petridish. (Table 1)After 
24hrs the dried patches were taken out and 
stored in a dessicator.  
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Table 1: Composition of transdermal patches 
 

Code 
 

Drug 
(mg) ERS:HPMC ERL:HPMC 

% w/w Plasticizers 

PEG-400 Dibutylpthalate 

A1 10 2:8  -- 30 
A2 10 4:6  -- 30 
A3 10 8:2  -- 30 
A4 10  2:8 -- 30 
A5 10  4:6 -- 30 
A6 10  8:2 -- 30 
A7 10 2:8  30 -- 
A8 10 4:6  30 -- 
A9 10 8:2  30 -- 
A10 10  2:8 30 -- 
A11 10  4:6 30 -- 
A12 10  8:2 30 -- 
A13 10 2:8  30 -- 
A14 10 4:6  30 -- 
A15 10 8:2  30 -- 
A16 10  2:8 30 -- 
A17 10  4:6 30 -- 
A18 10  8:2 30 -- 

                Note: 7% v/w of DMSO to the total polymer weight, as penetration enhancer 
                            ‘*’ patches without penetration enhancer 
 

 
Physicochemical characterization of 
films14, 15 

1. Weight variation 
For each formulation, three 
randomly selected patches were 
used. For weight variation test, 3 
films from each batch were weighed 
individually and the average weight 
was calculated.14 

2. Thickness  
The thickness of the formulated film 
was measured at 3 different points 
using a digital caliper and average 
thickness of three reading was 
calculated. 

3. Folding endurance 
The folding endurance was 
measured manually for the prepared 
films . A strip of film (3 x 3 cm) was 
cut and repeatedly folded at the 
same place till it broke. The number 
of times the film could be folded at 
the same place without 
breaking/cracking gave the value of 
folding endurance.15 

4. Flatness  
For flatness determination, one strip 
is cut from the centre and two from 
each side of patches. The length of 
each strip is measured and variation 
in length is measured by determining 

percent constriction. Zero percent 
constriction is equivalent to 100 
percent flatness.15 

 
%constriction= I1 –I2   X 100                           
                               I1 
I2 = Final length of each strip 
I1 = Initial length of each strip 
 

5. Moisture absorption 
The films were weighed accurately 
and placed in the desiccators 
containing 100 ml of saturated 
solution of potassium chloride, which 
maintains 80-90% RH 20, 21. After 3 
days, the films were taken out and 
weighed. The study was performed 
at room temperature.14 The 
percentage moisture absorption was 
calculated using the formula: 

 
      % Moisture uptake = Final weight – Initial weight X 100 

           Initial weight 
 

6. Moisture loss 
The prepared films are weighed 
individually and kept in a desiccators 
containing calcium chloride at room 
temperature for 24 h. The films are 
weighed again after a specified 
interval until they show a constant 
weight. The percent moisture 
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content is calculated using following 
formula.14  
  

% Moisture loss = Initial weight – Final weight  X 100 
Final weight 

 
7. Tensile strength 

To determine tensile strength, 
polymeric films are sandwiched 
separately by corked linear iron 
plates. One end of the films is kept 
fixed with the help of an iron screen 
and other end is connected to a 
freely movable thread over a pulley. 
The weights are added gradually to 
the pan attached with the hanging 
end of the thread. A pointer on the 
thread is used to measure the 
elongation of the film. The weight 
just sufficient to break the film is 
noted. The tensile strength can be 
calculated using the following 
equation.16 

 
Tensile strength= F/a.b (1+L/l) 

       
F is the force required to break; a is 
width of film; b is thickness of film;  
L is length of film; l is elongation of film 
at break point. 
 
8. Drug content 

The patches (1cm2) were cut and 
added to a beaker containing 100 ml 
of phosphate buffered saline of pH 
7.4. The medium was stirred with 
magnetic bead. The contents were 
filtered using whatmann filter paper 
and the filtrate was examined for the 
drug content against the reference 
solution consisting of placebo films 
(contains no drug) at 355 nm 
spectrophotometrically.14 

 

9. In vitro drug release studies 
A Paddle over disc assembly was 
used for the assessment of release 
of drug. The TDDS patch was 
mounted on the glass slide and 
placed at the bottom of dissolution 
vessel. The dissolution medium was 
900 ml phosphate buffer of pH 7.4. 

The apparatus was equilibrated at 
37±0.50C and operated at 50 rpm. 
The samples (5ml aliquots) were 
withdrawn at appropriate time 
intervals upto 10 hrs and analyzed 
on UV spectrophotometer at 238 
nm. 
 

10. In vitro permeation studies 
Preparation of skin: 
The swiss albino rats were sacrificed 
by decapituation. The fresh 
abdominal skin was excised from 
swiss albino rats weighing 170-190 
gm. The abdominal skin of excised 
hairless rat skin was separated 
along the epidermal junction and 
was kept under a stream of 600C 
water for exactly 50 seconds. The 
heat-treated skin was cleared of its 
subcutaneous fatty substances and 
immediately kept in normal saline 
solution to flatten and smooth. This 
step caused the layer to unwrinkled. 
 
In vitro diffusion studies 
The cell consists of two chambers, 
the donor and the receptor. The 
donor compartment is open at the 
top and is exposed to the 
atmosphere. The receptor 
compartment is surrounded by a 
water jacket for maintaining the 
temperature at 37 0C ± 2 0C and is 
provided with a sampling port. The 
excised abdomen rat skin containing 
patch was mounted between donor 
and receptor compartment. The 
diffusion medium was phosphate 
buffer of pH 7.4, which was stirred 
with magnetic bead (operated by a 
magnetic stirrer). Diffusion media 
was stirred to prevent the formation 
of concentrated drug solution just 
beneath the membrane. Samples 
from the receptor compartment were 
taken at various intervals of time 
over a period of 24 hours and the 
concentration of the drug was 
determined by UV 
Spectrophotometric method using 
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the standard curve. Amount of drug 
diffused i.e cumulative % of drug 
permeated at various time intervals 
was calculated and plotted against 
time. 
 

Kinetic modeling of drug release  
 
To analyze the mechanism of drug release 
from the patches, the release data were 
fitted to the following equations: 
  
 Zero Order Kinetics 
 This model is applicable when the release 
rate from a system is independent upon the 
concentration of drug in the system. 
 

Qt = Q0 + K0t 
 
Where,                      
Qt = Amount of drug dissolved in time t,  
Q0 = Initial amount of drug in solution, which is zero,  
K0 = Zero order rate constant. 
 
System is said to follow zero order when the 
plot of Qt/t gives a straight line with a slope 
of K0 and intercept of t = 0. 
 
 First Order Kinetics 
This model is applicable when the release 
rate from a system is dependent upon the 
concentration of drug in the system. 
 
Log Qt = Log Q0 + Kt/2.303 
 
Where, 
Qt = Amount of drug dissolved in time t, 
Q0 = Initial amount of drug in solution, which is zero,  
Kt = First order rate constant. 
 
System is said to follow first order kinetics 
when the plot of Log (Q0-Qt)/t gives a 
straight line with a slope of kt/2.303 and an 
intercept of Log Q0 at t =0. 
 
 Korsmeyer Peppas model or Power law 
The drug release data as fitted to the 
peppas model for predicting the mechanism 
of drug release from the system. 

Mt/M∞ = K tn 
               
Where, 
 Mt = Amount of drug released at time t,  
 M∞ = Amount of drug released at infinite time,  
 K = Peppas release rate constant,  
 n = Slope of the line called as release exponent 
having different value according to the model fit 
equation representing the release mechanism of 
drug. 
 
System is said to follow Peppas model 
when the plot of Log (Mt/M∞) / Log t gives a 
straight line with a slope of n and intercept 
of Log K. After fitting release date to all the 
four models, value of regression coefficients 
from all the models were obtained and the 
value which was closer to 1 was selected as 
the best fit model for the drug release. The 
n value obtained from the Peppas model 
describes the mechanism of drug release. 
 
RESULT AND DISCUSSION 
Investigation of Physicochemical 
Compatibility of Drug and Polymer  
Differential scanning calorimetry enables 
the quantitative detection of all processes in 
which energy is required or produced (i.e. 
endothermic or exothermic phase 
transformations).  
The DSC thermograms for pure drug and its 
physical mixture (drug + polymers) were 
determined to understand any interaction 
between drug and polymer.  The DSC 
thermogram of amlodipine besilate as 
shown in fig 2 exhibited endothermic peak 
at 139.43 0C and DSC thermogram of 
physical mixture showed the endothermic 
peak at 139.14 0C as shown in fig 3 and 4. It 
was observed from the above thermograms 
that there was no appearance of new 
peaks, no change in peak shape and its 
onset. The results indicated that there was 
no interaction between drug and the 
polymer. 
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Fig. 2: DSC thermogram of pure drug (Amlodipine besylate) 

 
 
 

 
Fig. 3: DSC thermogarm of drug and polymer (Eudragit RL 100 + HPMC) 

 
 
 

 
 

Fig. 4: DSC thermogarm of drug and polymer (Eudragit RS 100 + HPMC) 
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Drug - excipient interactions play a vital role 
with respect to release of drug from the 
formulation amongst others. An FTIR 
technique was also used here to study the 
physical and chemical interaction between 
drug and excipients used. Fig 5, 6 and 7 
shows the FTIR spectra of pure drug and its 
physical mixture (drug+polymer) 
respectively. The FTIR spectra of pure drug 
exhibited its characteristic peaks at 3325-

3251cm2, 1690-1650cm2, 2960-2977 cm2 
and1497-1443cm2, 1159cm2, 756-687cm2, 
for    N-H stretch, ester group i.e. C=O 
stretch, aromatic C-H stretch, aliphatic ring 
stretch SO2 stretch, aromatic disubstitution 
respectively (fig.5). Due to replication of 
peaks in IR spectra of physical mixture (fig 6 
& 7) as that of pure drug amlodipine besilate 
(fig 5) indicate their compatibility. 

 
 

 
Fig. 5: FTIR of pure drug (Amlodipine Besylate) 
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Fig. 6: FTIR of pure drug and polymers (HPMC + ERL 100) 
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Fig. 7: FTIR of pure drug and polymers (HPMC + ERS 100) 
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EVALUATION FOR VARIOUS 
PHYSICOCHEMICAL PARAMETERS 
In the present experiment, transdermal 
patches of Amlodipine besylate were 
formulated using 

hydrophilic polymer HPMC and hydrophobic 
polymers Eudragit RS/RL 100 was studied. 
The formulated patches were characterized 
for physicochemical properties, in vitro 
diffusion studies using franz’s diffusion cell.  

 
 
 

Table 2: Characterization of Transdermal Patches of Amlodipine besylate 
Sr no. Formulation 

code 
Weight 
variation 
(mg) 

Thickness 
(mm) 

Folding 
Endurance 

Drug 
content 
(mg) 

% 
Moisture 
loss 
(w/w) 

% 
Moisture 
uptake 
(w/w) 

Tensile 
strength
kg/cm2 

Flatness  
(%)  

1 A1 187 0.303 188 8.3 4.4 6.7 0.42  100.01 
2 A2 180 0.318 165 8.2 3.4 4.7 0.32 99.8 
3 A3 195 0.305 105 8.0 3.0 3.9 0.21 99.2 
4 A4 193 0.352 190 8.4 4.3 12.9 0.64 100.01 
5 A5 180 0.334 180 8.3 5.2 11.8 0.55 100.02 
6 A6 194 0.331 166 8.1 3.1 6.8 0.34 99.3 
7 A7 187 0.236 165 8.2 4.7 7.7 0.53 100.01 
8 A8 179 0.242 143 8.3 4.4 8.3 0.52 99.1 
9 A9 191 0.300 105 8.0 4.4 6.2 0.29 99.3 
10 A10 180 0.329 168 8.4 4.8 15.7 0.52 100.2 
11 A11 183 0.241 155 8.1 3.5 15.6 0.39 100.03 
12 A12 190 0.239 146 8.2 3.6 12.2 0.30 99.2 
13 A13 180 0.320 180 8.5 5.6 10.5 0.63 100.1 
14 A14 182 0.328 169 8.0 3.9 13.0 0.58 100.4 
15 A15 193 0.321 138 8.1 3.2 11.2 0.35 99.0 
16 A16 176 0.332 168 8.4 4.7 5.5 0.54 100.2 
17 A17 187 0.260 143 8.6 3.1 5.2 0.43 99.3 
18 A18 189 0.248 135 8.0 4.4 3.9 0.44 99.1 

 
 
 
All the films were found to be uniform in 
their weight and thickness with low SD 
values. The weight variation of monolithic 
systems was found to be in the range of 
175-195 mg. The thickness was found to be 
in the range of 0.236-0.352 mm. The 
highest folding endurance of A4 (190) and 
lowest of A9 (105) was found. The drug 
content varied between 8.0 mg to 8.6 mg i.e 
80% to 86% of the drug incorporated. The 
little moisture content helps the formulation 
to be stable and prevents them from 
becoming a completely dried and brittle 
product. Low moisture uptake also protects 
the material from microbial contamination 
and avoids bulkiness of products. The data 

of % moisture uptake and % moisture loss 
studies is present in table 3. The tensile 
strength of the patches varies with the 
concentration of polymers as the 
concentration increases tensile strength 
increases. It was found to vary between 
0.21 to 0.64 kg/cm2.  The formulation A4 has 
shown higher tensile strength. Flatness 
studies were performed to assess smooth 
surface and constriction with time. The 
results of flatness studies showed that none 
of the formulations had the differences in 
the length before and after their cuts. It 
indicates 0 % constriction and almost 100 % 
flatness in all formulations. (Table 2) 
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IN VITRO DRUG RELEASE STUDY 
 

Table 3: In vitro release study of Transdermal Patches of Amlodipine (9 hrs) 
S. no. Formulation code % Drug  release 

1st hr 2ndhr 3rdhr 4thhr  5thhr 6thhr 7thhr 8thhr 9thhr 
1. A1 22.53 34.62 41.78 55.09 62.04 70.46 75.64 80.76 86.17 
2. A2 15.78 19.02 25.99 32.64 44.63 54.08 61.63 69.98 75.01 
3 A3 18.99 22.61 29.05 36.78 42.53 52.01 60.76 66.23 69.23 
4 A4 24.40 32.95 45.66 58.21 66.84 73.67 77.74 81.05 88.67 
5 A5 20.15 29.56 38.50 49.60 57.21 65.64 71.97 79.11 82.31 
6 A6 6.39 11.20 19.86 27.58 33.67 39.48 42.53 49.22 52.16 
7 A7 22.43 34.62 41.18 55.29 62.94 70.26 75.34 81.76 87.02 
8 A8 8.30 16.13 28.23 32.17 47.87 51.45 55.12 60.57 64.00 
9 A9 6.09 11.34 19.56 27.78 33.67 37.34 42.63 46.02 50.94 

10 A10 18.95 22.51 29.75 36.48 42.43 52.81 60.56 66.33 80.15 
11 A11 15.38 19.02 25.49 32.24 44.93 54.38 61.45 69.68 71.30 
12 A12 6.39 11.34 19.56 27.78 33.67 37.34 42.63 49.02 55.86 
13 A13 6.67 12.68 15.99 19.21 23.37 28.28 33.89 39.25 46.13 
14 A14 6.58 11.65 16.31 19.75 23.95 28.77 33.19 38.05 42.66 
15 A15 5.22 10.32 16.88 20.14 25.30 29.47 32.05 36.12 40.01 
16 A16 6.45 12.37 15.23 19.99 23.79 28.43 33.12 39.05 45.53 
17 A17 6.12 11.87 16.12 19.34 23.65 28.75 33.93 38.45 43.75 
18 A18 5.10 10.65 16.24 20.88 25.19 29.56 32.19 36.69 40.91 

 

Formulations A4 and A1 exhibited greatest 
(88.67  and 86.17  % respectively) 
percentage of drug release values, which 
are significantly different compared to the 
lowest values observed with the 
formulations containing ERL 100 and ERS 
100 (57.58  and 50.64  respectively). In the 
present study it was observed that as the 
concentrations of hydrophilic polymer 

(HPMC) increased in the formulations, the 
drug release rate increased substantially as 
compared to hydrophobic polymers Eudragit 
RL/RS 100. Formulations A13 to A15 
without permeation enhancer showed very 
poor release (46.17- 40.01). So, these 
formulations are not in included in further in 
vitro permeation studies. (Table 3) 

 
 
IN VITRO DRUG PERMEATION STUDY 

 
Table 4:  In vitro drug permeation study across rat abdominal skin for monolithic system 
S. No. Time √t  Cumulative % drug permeated 
 
1 

 
0 

 
0 

A1 A2 A3 A4 A5 A7 A8 A9 A10 A11 A12 
0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 

2 1 1 4.8 2.0 5.5 3.6 3.01 1.6 2.3 3.0 5.5 2.2 1.6 
3 2 1.4 5.8 3.2 6.9 4.8 3.9 3.4 3.4 3.9 6.9 3.6 2.3 
4 3 1.7 7.1 4.0 7.8 6.9 4.9 4.5 3.9 4.6 7.8 4.2 3.7 
5 4 2 8.3 5.8 7.9 7.9 5.8 5.7 4.5 4.9 8.6 5.8 4.9 
6 5 2.2 9.5 6.1 8.6 9.6 6.7 6.7 5.2 5.2 9.3 6.2 6.5 
7 6 2.4 10.8 7.1 9.3 11.1 7.9 8.0 6.7 5.9 10.2 7.5 7.8 
8 7 2.6 12.4 8.0 10.2 12.8 8.9 9.6 7.9 6.7 10.9 8.2 8.0 
9 8 2.8 14.1 9.6 10.9 15.0 9.9 10.7 8.9 7.2 11.7 9.2 9.9 
10 9 3 16.0 10.6 11.7 16.4 11.0 12.2 9.0 8.0 13.5 10.2 10.2 
11 10 3.1 17.4 11.9 13.5 18.1 13.0 14.6 10.6 9.4 14.4 11.3 12.2 
12 24 4.8 32.5 28.2 22.6 39.5 28.0 36.1 22.0 19.2 28.2 24.0 20.5 

 

The cumulative percent of drug permeated 
from the patch A1,A 2,A 3,A 4,A 5,A 7,A 8,A 9, A10, 
A11, A12 was found to be 32.58, 28.28, 22.67, 
39.58, 28.05, 36.19, 22.02, 19.28, 28.28, 

24.06, 20.05 respectively after 24th hr . The 
drug release was found to increase on 
increasing the concentration of hydrophilic 
polymer in the polymer matrix. This is due to 
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the fact that dissolution of aqueous soluble 
fraction of the polymer matrix leads to the 
formation of gelaneous pores. The 
formation of such pores leads to decrease 
the mean diffusion path length of drug 
molecules to release into the diffusion 

medium and hence, to cause higher release 
rate. The highest % cumulative drug 
permeated was found in formulation A4 
containing HPMC and Eudragit RL-100 in 
the ratio 8:2.  

 
 MATHEMATICAL MODELLING 

1. Zero order release pattern of various monolithic systems  
 

 

Fig. 8: Zero order release kinetic profile of AMLODIPINE TDDS 

 

 

Fig 9: Zero order release kinetic profile of AMLODIPINE TDDS 
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Fig. 10: Zero order release kinetic profile of AMLODIPINE TDDS 

 

2. Korsmeyer Peppas model on various monolithic systems 

 

Fig. 11: Peppas release kinetic profile of AMLODIPINE TDDS 

 

 
Fig. 12: Peppas release kinetic profile of AMLODIPINE TDDS 
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Fig. 13: Peppas release kinetic profile of AMLODIPINE TDDS 

 

3. First order release pattern of various monolithic systems 

 
Fig. 14: First order release kinetic profile of AMLODIPINE TDDS 

 

 
 

Fig. 15: First order release kinetic profile of AMLODIPINE TDDS 
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Fig. 16: First order release kinetic profile of AMLODIPINE TDDS 

 

Table 5: R2 value of model fitting of Amlodipine besylate 
FORMULATION CODE ZERO ORDER FIRST ORDER PEPPAS KINETICS 

A1 0.978 0.990 0.836 
A2 0.992 0.991 0.835 
A3 0.924 0.939 0.903 
A4 0.996 0.995 0.828 
A5 0.994 0.993 0.862 
A7 0.996 0.985 0.814 
A8 0.990 0.992 0.829 
A9 0.980 0.989 0.910 
A10 0.963 0.993 0.920 
A11 0.993 0.994 0.821 
A12 0.946 0.950 0.692 

 

The diffusion kinetics of the drug amlodipine 
besylate was analyzed by graphical method 
for Zero order (Figure 8-10), First order 
(Figure 11-13) and Peppas exponential 
equation (Figure 14-16). After fitting release 
data to these models, value of regression 
coefficients from all the models were 
obtained and the value which was closer to 
1 was selected as the best fit model for the 
drug release. The R2 value (Table 5) of 
fitting model indicates that the drug release 
kinetics of formulations followed mixed zero-
order and first-order kinetics in different 
formulations i.e release mechanisms initially 
swelling without the change of matrices and 
the permeation of the drug from the patches 

was governed by a diffusion mechanism.. 
The formulation A4 (HPMC E-15 and 
Eudragit RL100 in the ratio of 8:2) have 
showed optimum release i.e R2 = 0.996. 
 
CONCLUSION 
The formulation procedure is simple and 
does not involve lengthy procedures and 
use of several pharmaceutically excipients.  
It can be reasonably concluded that 
amlodipine besylate can be formulated into 
transdermal polymeric patches to  prolong 
its release characteristics. . The formulation 
A4 (HPMC E-15 and Eudragit L100 in the 
ratio of 8:2) have showed optimum release. 
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