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ABSTRACT 

Stratum comeum (SC), the uppermost layer of the skin functions as a 

protective barrier and controls its structure and function in response to the 

environment. This protective function of the SC makes it the main hurdle in the 

permeation of drugs through the skin. SC is made up of lipids and proteins with 

lipid bilayer in between the corneocytes that impose maximum resistance to the 

permeation of drugs. Poor permeability of drugs can be augmented by penetration 

enhancers. either by chemical or physical methods of enhancement that 

compromises skin barrier function in a reversible manner. An insight into the skin 

structure and the route followed by drug during permeation is prerequisite for 

selection of appropriate strategy to enhance permeation. 

The aim of this study was to deliver methotrexate (MTX) through 

transdermal route to achieve therapeutic levels. Furthermore, transdermal delivery 

of MTX would significantly reduce side effects associated with its systemic 

delivery and is patient compliant also. However, the molecular size, charge and 

hydrophilicity of MTX limit its absorption through this route. The focus of 

research was to enhance the permeation of MTX across the skin using GRAS 

chemicals and physical enhancers with special emphasis on terpenes, ethyl acetate 

and iontophoresis. The chemical enhancers act on the skin lipid bilayers whereas 

iontophoresis acts on the charged drug molecules to facilitate drug transport across 

the skin. In the present thesis a comprehensive approach has been adopted to 
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overcome the problems associated with the existing iontophoretic techniques. In 

this study various biophysical tools like attenuated total reflectance fourier 

transform infrared spectroscopy (ATR-FTIR), light microscopy (LM) and 

scanning electron microscopy (SEM) have been used to elucidate the mechanism 

of action of penetration enhancers. 

The hydrogel patches based on polyacrylamide and copolymer of 

acrylamide and acrylic acid were evaluated as a function of crosslinking 

concentration, swelling and physical characteistics. Finally, polyacrylamide patch 

with 0.4 mole% crosslinking concentration was selected on the basis of its 

swelling behaviour and drug release characteristics. In vitro studies with mice skin 

was optimized for different chemical and physical enhancers and used in vivo. 

Pretreatment of the skin with chemical enhancers was carried out, however, 

skin pretreatment with ethanol and terpenes (limonene, cineole and menthol) did 

not elicit sufficient enhancement. Whereas, with ethyl acetate, its binary system 

with ethanol and ternary system with ethanol and menthol demonstrated 71%, 83% 

and 93.5% enhancement in permeation respectively. 

DC as well as mDC (modulated DC) iontophoresis using different 

waveforms were tried with mice skin. For this, a programmable iontophoretic 

device was laboratory designed and fabricated. Electromotive flux with square 

wave (mDC) at 1 KHz with 50% duty cycle and current density of 0.2 mA/cm2  

gave the optimal permeation results followed by exponential, sine, triangular and 

DC iontophoresis. 
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Combinational approach using ethyl acetate ternary system followed by 

square wave iontophoresis gave the best results as compared to other combinations 

in which 161% enhancement in flux was achieved. To account for such a high 

percentage of enhancement, various biophysical tools were employed. 

ATR-FTIR of the skin samples treated with chemical enhancers showed 

shift in symmetric and asymmetric —CH stretching frequency as well as decrease 

in their intensity indicating lipid acyl chain mobility and extraction. Terpenes 

showed a split in the asymmetric C-H stretching vibrations into 2922 cm-I  and 

2963 cm-I  along with decrease in peak heights and areas of asymmetric, symmetric 

C-H stretching, C=0 stretching and amide bands. In case of iontophoretic samples 

there was decrease in intensity of all the vibrational bands and also an increase in 

the ratio of amide I and amide II bands indicating hydration level of the skin after 

iontophoresis. This ratio was maximum for square wave and minimum for DC 

iontophoresis. A split in amide II band into 1541 cm-I  and 1553 cm-1  due to 

iontophoresis was observed, suggesting conformational changes in the lipid-

protein domains. 

SEM demonstrated wider appendageal pathway after iontophoretic 

treatment as compared to the control skin. 

The histopathological studies conducted on mice skin treated with different 

enhancers in vitro showed epidermal thinning and disruptions, spongiosis, severe 

dermal edema, fractured collagen and appendageal dilatations. Additionally, 

remarkable pools were seen when the skin was treated with terpenes. The studies 

in vivo revealed tissue reactions like epidermal thickening and destruction, 
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hyperkeratosis, parakeratosis, spongiosis, fractured collagen, hyperaemia,dermal 

edema and appendageal dilatations. All the tissue reactions caused by different 

enhancers were temporary and reversible in 48h except for skin treated with DC 

iontophoresis using current density of 0.5 mA/cm2. 

A linear correlation between in vitro and in vivo data with R squared value 

of 0.93 was obtained by studies on mice. In vivo pharmacokinetic parameters like 

Cmax and tmax were studied. Maximum plasma concentration of 18.79µg/ml was 

obtained in 90min with ethyl acetate ternary system in combination with square 

wave iontophoresis. The plasma level was maintained for almost 4h. In contrast, 

the oral delivery of MTX showed maximum plasma concentration of 8.89µg/ml in 

lh which declined to 3.9m/mlin 3h. 

From the present study it was established that combinational approach of 

using chemical and physical enhancer is an effective method of enhancing the 

delivery of MTX across skin. However, further studies are needed before it can be 

advocated for clinical use. 
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