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ABSTRACT  
The present work has been done for the preparation of mucoadhesive buccal pathes of zolmitriptan  by solvent casting method  with the use of different 
polymers like HPMC K4M, HPC, Na CMC, PVP. The prepared patches were evaluated for uniform thickness, folding endurance, swelling index, surface pH, 
drug content uniformity, in vitro residence time, drug release study and Ex-vivomucoadhesion strength. Among all the formulations F2 was selected as 
optimum formulation. F2 containing HPMC and HPC has folding endurance (302.21±1.078), surface pH(6.812±0.002), mucoadhesion strength(21.023±0.055 
g) and resistence time(6.2±0.25 hrs). The IR spectra studies disclosed that there is no interaction between drug and polymer. 
Key words: zolmitriptin, polymers, mucoadhesion strength. 
 
INTRODUCTION 
Over a period of time there was a development of route of 
administration of drug to body. Among the several dosage 
forms like tablets, capsules and injections, transdermal and 
mucodermal has its own benefits of administration of drug to 
body. Considerably, among all transmucosal, through mucosa 
of buccal cavity both systemic and local delivery have more 
effective due to its high vascularisation and smooth muscles 
which are immobile. 
Delivery of drug through buccal cavity has many advantages 
as it prolong the residence time of the dosage form at the site 
of absorption, hence increase the bioavailability and excellent 
and easy accessibility route with rapid onset of action. 
Significantly, buccal cavity has rapid absorption rate because 
of its enormous blood supply and good blood flow rate. 
Buccal route is also preferred for those drugs which are 
degraded in acid environment of GIT1. 
Drugs used in the treatment of migraine like zolmitriptan2 
having low Biological half lives (3 hours) and low 
bioavailability (40 %), due to the first pass metabolism. 
Buccal route can be exploited to be one of the better 
alternatives to improve the bioavailability, which offers direct 
entry of the drug into systemic circulation, thereby avoiding 
the first pass metabolism. 

 
MATERIALS AND METHODS 
Materials  
Zolmitriptan, PVP K-30, polyethylene glycol was obtained as 
gift sample from Richer pharmaceuticals(kukatpalli),  
Hydroxyl propylmethyl cellulose (Neuland laboratories, 
Andhra Pradesh), Hydroxypropyl cellulose and sodium 
carboxy methyl cellulose from Quliteck pharma (jeedimetla). 
Method of preparation3,4 

The zolmitriptan patches was prepared by solvent casting 
method. A required quantity of drug used in the preparation 
of patches was given in table 1. Accurately weighed quantity 
of polymer was taken in a beaker containing three by fourth 
of water and mixed continuously until polymer mix 
thoroughly with water. Finally, remaining water was added to 
make up the final volume. Secondly, accurately weighed 
amount of plasticizer was added to the polymer solution.  
After the addition of plasticizer, prepared drug solution was 
added to the polymer solution and mixed continuously till the 
drug distributes thoroughly in the solution. The clear solution 
was transferred onto mercury substrate contained in Petri dish 
and kept in a hot air oven at 40ºc till the film forms. 

 
Table 1: Formulation of Zolmitriptan mucoadhesive buccal films 

Formulation Zolmitriptan (mg) HPMC K4M (mg) HPC (mg) Sodium  CMC (mg) PVP PG(%w/v) 
F1 79 300 - - - - 
F2 79 300 200 - - - 
F3 79 300 - - 200 30% 
F4 79 - 300 - - 30% 
F5 79 - - 300 - 30% 
F6 79 - - - 300 30% 

 
Evaluation of mucoadhesive buccal films: 
The prepared films were evaluated for thickness, folding 
endurance, swelling index, surface pH, swelling index, drug 
content uniformity, invitro residence time, invitro drug 
release studies , mucoadhesive strength and drug-polymer 
interaction. 
Uniform thickness 5,6 

The thickness of the film was measured by using screw guage 
at various bits of the patch and average was calculated. 
Folding endurance7 

Tensile strength of the film was calculated by using folding 
endurance test. In this test same part of the film was folded 

until it breaks. The number of times folded was noted which 
gives the value of folding endurance. 
Surface pH8 

Surface pH of the film was determined by allowing contact of 
the surface of the film with distilled water. pH meter was 
placed in contact with surface of the film and allow it to 
equilibrate. The mean of three readings were noted. 
Swelling index9 

Swelling index was determined by taking the pre weight of 
the film and immersed in 50ml of distilled water. At regular 
time intervals 5, 10, 15 and 20 patches were removed, excess 
water on the patch was removed by using filter paper and 
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final weight was noted. The obtained values were substituted 
in the given formula to get the swelling index value. 

 
 
Xt= weight of the swollen film at time t 
Xo= initial weight of the film 
 In vitro residence time10 

In vitro residence time was calculated by using IP 
disintegrating apparatus. 800ml of pH 6.8 phosphate buffer 
was taken as disintegrating medium and maintained the 
temperature at 37± 2ºc.3cm of porcine buccal mucosa was 
first stuck to the glass slab and to the surface of the buccal 
mucosa, hydrated surface of the patch was adhered. The glass 
slab with a patch was fixed vertically to the apparatus and to 
see that the lowest tip touch the bottom of the apparatus and 
upper one exposed to the surface and allow moving the 
apparatus up and down.  The time taken for the patch to 
detach from the slab was observed. 
Ex vivo mucoadhesion force11 

Mucoadhesion strength test was performed by using 
mucoadhesion test apparatus working on the principle of 
double beam physical balance. To perform the test, fresh 
porcine buccal mucosa was collected and washed neatly with 
distilled water. The mucosa was mounted on to a wooden 
block by applying glue and placed below the left hand pan by 
facing the mucosa towards the bottom side. Prepared patch 
was attached to the lower side of the left hand pan, facing 
towards the mucosa. Weights were placed on the right hand 
pan and removed slowly till the patch placed on the lower 
side of the left hand pan touches the mucosa, and left for 
5min. Weights were added on to right pan after 5min till the 
patch and mucosa separates. Finally the weights required for 
the separation of patch and mucosa was noted. 
Drug content uniformity of films12 

The films were evaluated for drug content uniformity by 
using uv spectrophotometer. 10mm was cut down from three 
different spots, in the same patch. Stock solution was 
prepared by transferring the 10mm piece into 100ml 
volumetric flask containing 6.8 pH phosphate buffer and 
allow the patch to dissolve. 0.2ml was taken from stock 
solution and make up to 10ml by pH 6.8 phosphate buffer 
and analysed by using uv spectrophotometer at 222nm.  
In vitro drug release13 

In vitro drug release was determined by using Franz diffusion 
cell. Dialysis membrane was fixed in between the donor and 
receptor compartment, and the patch was attached to the 
dialysis membrane and two compartments were clamped 
tightly. 6.8pH phosphate buffer was transferred into donor 
compartment and hydrodynamics was maintained by stirring 
with magnetic bead at 50rpm, temperature at 37±2ºc. At 
regular time intervals, 3ml of the sample was collected from 
the receptor compartment and analysed for drug content by 
using uv spectrophotometer at 222nm. 
Kinetic studies14 

To analyse the release of drug from the patch the data was 
fitted into different kinetic models like Zero order by taking 
time on x axis and cumulative % of drug release on y axis, 
First order by taking time on x axis and log % of drug release 
on y axis. To find out the mechanism of drug release the data 
was fitted into Higuchi by taking square root of time on x 
axis and cumulative % of drug release on y axis and Peppas 
by taking log time on x axis and log cumulative % of drug 
release on y axis. 

 
Table 2: Release exponent (n) values and drug transport mechanism 

Release exponent 
(n) 

Drug Transport Mechanism 

0.5 Fickian diffusion (Higuchi Matrix) 
0.45< n<0.89 Non- Fickian diffusion 

0.89 Case II transport 
Higher than 0.89 Super case II transport 

 
RESULTS AND DISCUSSION 
The surface of the prepared patches was smooth with elegant 
appearance.  The physical characteristic of the prepared 
patches was shown in table2. The thickness of the patches 
was laid in the range from 0.256±0.020- 0.176±0.021. 
A Mucoadhesive buccal patch was prepared by using 
different film forming polymers like HPMC K4M, HPC, Na 
CMC, and PVP K-30. The polymers were used individually 
and in combination with other polymer and plasticizer. To 
increase the flexibility of the film plasticizer was used in 
some formulations. The folding endurance for all the 
formulations crossed 270 which show that all the polymers in 
the designed combination shown good elasticity. The folding 
endurance for F3 was high when compared to other 
formulations and there was no significant difference between 
the values for F2 and F3. This shows that when HPMC is 
added to HPC and plasticizer there is no difference in the 
folding endurance. Among F4, F5 and F6 HPC is having 
higher folding endurance. 
Mucoadhesion is a complex phenomenon which involves 
wetting, swelling and interpenetration. Swelling of the 
polymer takes place when the saliva comes in contact with 
the patch. The next step is the hydrogen bonding between the 
mucus and bioadhesive membrane, which take place by 
penetration of bioadhesive into the tissue or to the surface of 
mucus membrane. The swelling index of the formulation was 
fallen between 37.578±0.546-42.767±0.120. The swelling 
index for HPMC (F1) was only 38.901±0.865 without the 
plasticizer and it was increased by four (F3) after the addition 
of the plasticizer. 
The normal pH of the buccal cavity lies between 6.2 to7.4. 
The surface pH of all the formulations fallen between the 
desired range. 
The invitro residence time of the patch depends on the 
swelling property of the polymer. Initially high rate in 
swelling helps in the bonding capacity of patch to the mucus 
membrane but as the time proceeds due to the high 
imbibitions of the polymer the polymer will be eroded fast 
which decreases the residence time of the patch. 
Formulations prepared by the addition of PVP has low 
residence time when compared to the formulations prepared 
without PVP, this is because of enhance erosion rate. In 
addition patches prepared with HPMC and HPC has high 
residence time when compared to the Na CMC this is 
because HPMC is hydrophilic and Na CMC is hydrogel 
which absorb water immediately and erode rapidly. 
The drug content results were tabulated in table 2. The results 
reveal that drug was equally distributed throughout out the 
patch. 
The Ex-vivo mucoadhesion force was studied by using 
double beam physical balance. Mucoadhesive strength 
depends on the type of polymer used in the preparation of 
patches. Hydrophilic polymer containing carboxyl group 
have high mucoadhesive strength. The mucoadhesive 
strength was found in the range of 19.656±0.421-
21.023±0.055. F2 has high mucoadhesive strength and F1 has 
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low mucoadhesive strength. All other formulations have good 
mucoadhesion properties. 
All the prepared formulations were subjected to in vitro drug 
release studies. Samples were collected at predetermined time 
interval and analysed by using uv spectrophotometer at 
222nm. The release of the drug from the patch depended on 
the combination of polymer, type of the polymer and 
combination with plasticizer. All the formulations release 
25% of drug after 2hrs. F1 released 94% of drug at 8th hr but 
F2 released only 80% of drug at 8th. This is due to the 
increase in the concentration and combination of polymer 
which is retarding the drug release. All other formulations 
except F2 released more than 80% of drug after 8th hr. 

The obtained data were fitted into different kinetic models to 
find out the release kinetics. The regression coefficient value 
was high for zero order kinetics compare to other, so all the 
formulations released the drug independent of polymer 
concentration. The plots of Higuchi were linear which 
indicates that the drug diffuses from the polymer matrix. In 
addition the plots of peppas was also liner when the data is 
plotted by taking log time on x axis and log cumulative % of 
drug release on y axis. On the basis of plots it is conformed 
that release of drug from patch adapts to super case-II 
transport. 
There was no disturbance in the major peaks of the drugs 
when combined with the polymer. So there are no chemical 
interactions between drug and the excipents. 

 
Table 3: Evaluation of Zolmitriptan patches 

Formulation Avg thickness 
(mm)±SD 

,n=3 

Avg folding 
endurance 
±SD,n=3 

Avg surface 
pH 

±SD,n=3 

Avg swelling 
index (%) 
±SD,n=3 

In vitro residence 
time(hr) 
±SD,n=3 

Drug uniformity 
% ±SD,n=3 

Ex vivo 
mucoadhesive 

force(g) 
F1 0.125±0.012 290.32±1.230 6.732±0.060 38.901±0.865 6.1±0.12 94.011±1.789 19.656±0.421 
F2 0.167±0.031 302.21±1.078 6.812±0.002 40.345±0.457 6.2±0.25 94.678±0.342 21.023±0.055 
F3 0.221±0.009 304.43±1.298 6.523±0.056 42.767±0.120 4.7±0.32 93.097±0.178 20.089±0.054 
F4 0.156±0.054 280.56±1.056 6.779±0.018 39.658±0.974 5.4±0.65 95.809±0.280 20.546±0.055 
F5 0.256±0.020 272.01±1.340 6.817±0.009 38.343±0.670 5.3±0.79 93.786±0.767 22.098±0.023 
F6 0.176±0.021 270.65±1.001 6.723±0.054 37.578±0.546 4.2±0.90 95.678±0.652 20.678±0.076 

 
Table 4: Kinetic data of Zolmitriptan mucoadhesive buccal patches 

Formulation Zero order(r2) First order(r2) Higuchi(r2) Peppas 
(r2)                   (n) 

F1 0.9923 0.9629 0.9556 0.9865 0.7890 
F2 0.9876 0.9322 0.9345 0.9997 0.8761 
F3 0.9823 0.9872 0.8656 0.9865 0.9776 
F4 0.9923 0.9903 0.9341 0.9931 0.7542 
F5 0.9867 0.9781 0.8651 0.9976 1.1099 
F6 0.9832 0.9653 0.9541 0.9854 0.9861 

 

 
Figure 1: In-vitro drug release of formulations F1-F6 
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B) 

 
 

 



Abbaraju Prasanna Lakshmi et al. IRJP 2012, 3 (12) 

Page 144 

 
C) 
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E) 

 
F) 

 
G) 

Figure 2: FTIR of A) Zolmitriptan B) F1 C) F2 D) F3 E) F4 F) F5 G) F6 
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