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ABSTRACT  

Objective: In present work was designed to develop suitable transdermal matrix patches of Phenformin hydrochloride using various hydrophilic 
(HPMC) and hydrophobic (EUDRAGID) polymers as matrix formers.  

Methods: Transdermal patches containing Phenformin hydrochloride were prepared by the solvent casting evaporation technique. 

Results: Revealed that prepared patches showed good physical characteristics, no drug-polymer interaction and no skin irritation was observed. 
The in vitro release study revealed that F3 formulation showed maximum release in 24 h. Formulation F3 was subjected for accelerated stability 
studies. The F3 formulation was found to be stable as there was no drastic change in the Physico-chemical properties of the patches, which was also 
confirmed by FTIR. 

Conclusion: Thus conclusion can be made that stable transdermal patches of Phenformin hydrochloride have been developed. F1, F2, F3, F4 
formulations showed highest cumulative percentage drug release of 98.13%, 95.50%, 98.65%, 97.21% were obtained during in vitro drug release 
studies after 24 h. The release of Phenformin hydrochloride appears to be dependent on lipophilicity of the matrix. Moderately lipophillic matrices 
showed the best release. The predominant release mechanism of the drug through the fabricated matrices was believed to be by a diffusion 
mechanism. Based upon the in vitro dissolution data the F3 formulation was concluded as optimized formulation.  

Keywords: Phenformin hydrochloride, Ethylcellulose, Sodium alginate, Polyethene glycol 

© 2017 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/) 
DOI: http://dx.doi.org/10.22159/ijcpr.2017v9i6.23437 

 

INTRODUCTION  

Transdermal drug delivery is one of the most promising methods for 
drug application. Increasing numbers of drugs are being added to 
the list of therapeutic agents that can be delivered to the systemic 
circulation via skin [1-2]. The main advantages of this system are 
that there is controlled the release of the drug and the medication is 
painless. The drug is mainly delivered to the skin with the help of a 
transdermal patch which adheres to the skin [3]. The TDDS has 
potential advantages of avoiding hepatic first-pass metabolism, 
maintaining constant blood level for a longer period of time 
resulting in a reduction of dosing frequency, improved 
bioavailability, decreased gastrointestinal irritation that occurs due 
to local contact with gastric mucosa and improved patient 
compliance [4-5]. Recently it is evident that the benefits of 
intravenous drug infusion can be duplicated, without its hazards, by 
using the skin as the port of drug administration to provide 
continuous transdermal drug infusion into the systemic circulation. 
Skin consists of membrane barriers, which are mainly composed of 
lipids and proteins [6-7]. The penetration across epithelial borders 
is a slow process due to the effect of the barrier properties. The skin, 
in particular, the stratum corneum, possesses a barrier to drug 
penetration due to its high density (1.4 g/cm2 in dry state), its low 
hydration of 15 to 20%. The barrier function is further facilitated by 
the continuous replacement of stratum corneum, thereby limiting 
the topical and transdermal bioavailability. 

Transdermal drug delivery system attracts many scientists around the 
world [8]. Transdermal therapeutic systems are designed for 
controlled drug delivery through the skin into systemic circulation 
maintaining consistent efficacy and reducing the dose of the drug and 
its related side effects [9-10]. There are a number of routes by which a 
molecule can cross the stratum corneum, these are, intercellular, 
transcellular and appendageal but the intercellular route is considered 
to be the major pathway for permeation of most drugs across the 
stratum corneum [11]. The skin as a site of drug delivery has numbers 

of significant advantages over many other routes of drug 
administration, including the ability to avoid problems of gastric 
irritation, pH, and emptying rate effects; avoid hepatic first pass 
metabolism thereby increasing the bioavailability of drug; reduce the 
risk of systemic side effects by minimizing plasma concentrations 
compared to oral therapy; provide a sustained release of drug at the 
site of application; rapid termination of therapy by removal of the 
device or formulation, the reduction of fluctuations in plasma levels of 
drugs and avoids pain associated with injections [12-14]. 

Phenformin is a biguanide hypoglycemic agent with actions and uses 
similar to those of Metformin. Although it is generally considered to 
be associated with an unacceptably high incidence of lactic acidosis, 
often fatal, it is still available in some countries. Phenformin is an 
agent belonging to the biguanide class of antidiabetics with 
antihyperglycemic activity. Phenformin is not used clinically due to 
the high risk of lactic acidosis that is associated with its use. 
A biguanide hypoglycemic agent with actions and uses similar to 
those of metformin. Although it is generally considered to be 
associated with an unacceptably high incidence of lactic acidosis, 
often fatal, it is still available in some countries. (From Martindale, 
The Extra Pharmacopoeia, 30th ed, p290). 

MATERIALS AND METHODS  

Materials  

Phenformin hydrochloride was obtained as gift sample from Hetero 
labs. Pvt india. Eudragit RS100 and Ethyl cellulose were procured from 
AR chemicals. Other excipients used were of standard pharmaceutical 
grade and all chemical reagents used were of analytical grade. 

Methods 

Preparation of transdermal patch 

Transdermal patches containing Phenformin hydrochloride were 
prepared by the solvent casting evaporation technique. The drug 
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Phenformin hydrochloride was dissolved in methanol. Polymers 
HPMC, Ethylcellulose, Sodium alginate and ERS100 were taken in a 
boiling tube, to this add Phenformin hydrochloride drug which was 
previously dissolved in methanol. About 30 ml of a solvent mixture 
of dichloromethane: methanol (1:1) was added and vortexed. 
Sufficient care was taken to prevent the formation of lumps. The 
boiling tube was set aside for 4 h to allow the polymer to swell. 
Polyethylene glycol was taken as a plasticizer (15%v/w of dry 
polymer weight), and added to the mixture and mixed well. It was 
set aside for 2 h to exclude any entrapped air and was then 

transferred into a previously cleaned Petri plate (40 cm2

Evaluation parameters 

), drying of 
patches was carried out in a vacuum oven at room temperature. 
Dried patches were packed in aluminium foil and stored in a 
desiccator for further evaluation [15-17]. 

Physical appearance [18] 

The prepared patches were found to be uniform, smooth, flexible 
and homogenous. 

 

Table 1: Formulation design of phenformin hydrochloride transdermal patches 

S. No. Formulation   Ingredients (gms)  
code Drug (mg) HPMC Ethylcellulose Eudragit Sodium alginate 

1 F1 100 100 900 - - 
2 F2 100 900 100 - - 
3 F3 100 - - 100 900 
4 F4 100 - - 900 100 
 

Folding endurance [19-20] 

The folding endurance numbers of all the Phenformin hydrochloride 
patches are 180–292. The folding endurance number gives the 
mechanical property of the patches, high folding endurance number 
indicate that has high mechanical property. The folding endurance 
number was increased with increasing the HPMC content. These 
results indicated that the patches would not break and maintain 
their integrity with general skin folding when applied. 

Thickness of the film [21] 

Thickness was changed from batch to batch in individual strips of 
medicated patch carry uniform thickness, which indicates that total 
medicated patch carry uniform thickness. 

Weight uniformity [22] 

The mean weights of all the prepared patches. The weights are in the 
range of 401.9–539. The formulation patches showed maximum 
weight which was found within the permissible limits 

. Drug content [23] 

The drug content analysis of the prepared formulations has shown 
that the process employed to prepare the patches was capable of 
giving uniform drug content with minimum batch variability. All the 
patches were found to have drug content in the range of 90–101%. 

So the method employed i.e. solvent evaporation method is 
satisfactory for the preparation of Phenformin hydrochloride 
transdermal patches. 

In vitro release study [24-25] 

Phosphate buffer pH 7.4 containing 0.5% SLS was used as a medium 
for the release studies and good linearity was observed in the 
plotted standard graph with a correlation coefficient of 0.999. The 
drug release profiles of Phenformin hydrochloride patches 
containing different ratios of polymers HPMC, Eudragit E100, and 
Ethylcellulose. It was cleared from the release profiles of 
formulations, that the drug release was governed by polymer nature 
and content. The formulations F1, F2, F3, and F4 showed the 
maximum release when comparing with other formulations due to 
the high concentration of HPMC polymer. The release was decreased 
as the concentration of hydrophobic polymer increase. 

Stability studies [26] 

Optimized formulations F3 was selected for accelerated stability 
studies as per ICH guidelines. The patches were observed for colour, 
appearance and flexibility for a period of three months. The folding 
endurance, weight, drug content, % cumulative drug release of the 
formulation was found to be decreasing. This decrease may be 
attributed to the harsh environment (40 °C) maintained during the 
studies.

 

 

Fig. 1: Drug release formulations 
 

RESULTS 

Table 2: Physicochemical evaluation of phenformin hydrochloride patches 

Formulation code Weight (mg) Thickness (mm) Folding endurance Drug content (%) 
F1 473.9±1.66 0.89±1.88 292±4.72 101 
F2 430±1.58 0.86±1.72 290±2.51 99 
F3 486±0.89 0.81±1.55 289±3.46 99.64 
F4 501.7±2.50 0.85±0.99 291±3.18 98.86 
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Table 3: In vitro drug release profiles of phenformin hydrochloride transdermal patch (F1-F4) 

Time (h)  % Cumulative drug released 
F1 F2 F3 F4 

0 0 0 0 0 
0.5 13.56±1.43 10.65±1.44 13.48±1.27 11.79±2.1 
1 22.72±1.87 19.27±1.49 26.50±1.33 24.67±1.8 
2 34.94±1.26 25.49±1.77 31.71±1.45 26.627±1.22 
3 41.16±1.33 30.28±1.29 34.36±1.72 30.18±1.38 
4 47.88±1.89 33.63±1.39 40.25±1.63 36.71±1.59 
5 51.33±2.0 37.46±2.1 41.07±1.82 39.20±1.66 
6 53.46±2.3 41.60±1.27 45.53±1.25 43.76±1.91 
8 62.87±1.67 49.35±1.71 52.15±1.19 50.92±1.83 
10 69.01±1.31 53.61±1.33 60.71±1.32 55.08±1.77 
12 74.93±1.56 63.49±1.92 68.30±1.83 62.48±1.45 
14 79.70±1.19 70.45±1.68 76.11±1.95 70.81±1.21 
16 87.64±1.88 79.33±1.18 80.27±1.18 79.23±1.07 
18 92.49±1.3 83.80±1.22 85.93±2.5 84.16±1.55 
20 97.08±1.99 88.34±1.82 91.44±2.41 89.42±1.91 
22 98.01±1.25 92.20±2.39 95.09±1.85 93.82±1.05 
24 98.93±1.71 95.50±2.81 98.65±1.90 97.21±1.02 
 

Table 4: Stability studies of optimized formulations at 40±2 °C and 75±5% RH for 3 mo 

Time in d Drug content (%) Folding endurance Physical appearance % cumulative drug release 
0 98 285 No change in color 97 
90 97.1 281 Slight yellowish color 96.35 

 

Stability studies 

Optimized formulations F3 was selected for accelerated stability 
studies as per ICH guidelines. 

CONCLUSION 

Results revealed that prepared patches showed good physical 
characteristics, no drug-polymer interaction and no skin irritation was 
observed. The F3 formulation was found to be stable as there was no 
drastic change in the Physico-chemical properties of the patches, which 
was also confirmed by FTIR. This conclusion can be made that stable 
transdermal patches of Phenformin hydrochloride have been developed. 
F1, F2, F3, F4 formulations showed highest cumulative percentage drug 
release of 98.65%, 95.50%, 98.93%, 97.21% were obtained during in 
vitro drug release studies after 24 h. The release of Phenformin 
hydrochloride appears to be dependent on lipophilicity of the matrix. 
Moderately lipophilic matrices showed the best release. The 
predominant release mechanism of the drug through the fabricated 
matrices was believed to be by a diffusion mechanism. Based upon the in 
vitro dissolution data the F3 formulation was concluded as optimized 
formulation. 
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