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ABSTRACT 

This project focused on formulation and investigation of interplay effects of 
ethosomes, ethanol and microwave for enhanced skin drug retention with minimal 
systemic absorption. The microwave was used to modify the skin barrier properties to 
enhance ethosomes and/or drug penetration/and drug retention which is detrimental to 
treat local malignant melanoma and to enhance patient compliance. Ethosomes are 
known to fuse with skin to enable local drug retention. Pre-treatment of skin with 
microwave and applying liquified medicine is deemed to “cement” the skin thereby 
raising skin drug deposition. 5-fluorouracil loaded ethosomes were prepared and 
subjected physicochemical characterization. The molecular characteristics of 
untreated, microwave and/or ethosomes and/or ethanol-treated skins were examined 
by ATR-FTIR and raman spectroscopy, DSC and SEM techniques. The skin drug 
retention was promoted using larger ethosomes with negative zeta potentials that 
repelled anionic lipids of skin and hindered vesicle and/or anionic drug penetration 
into deep layers. Due to low ethanol, they were less able to fluidize the lipid and 
defluidize the protein domains at epidermis to enlarge aqueous pores for drug 
permeation. Pre-treatment of skin by 2450 MHz microwave for 2.5 min further 
increased skin drug penetration and retention of E5 ethosomes and provided lower 
drug permeation than cases treated for 1.15 min and 5 min. Pre-treating skin with 
microwave fluidized lipid and defluidized protein domains of skin that promoted 
transdermal drug penetration. A 2.5 min treatment however might be accompanied by 
specific dermal protein fluidization via C=O moiety which translated to 
macromolecular swelling, narrowing of intercellular spaces at lower skin layers, 
increased drug retention and reduced drug permeation. Ethosomes in combination 
with microwave at 2450 MHz for 2.5 min promoted significant drug deposition in skin 
from ethosomes in vivo with reduced systemic absorption. Pre-treatment of human 
melanoma cells with microwave exerted cytotoxic effect and also facilitated the 
intracellular ethosomes accumulation by fluidizing the cell membrane phospholipids 
reflected by a significant increase in wavenumber corresponding to symmetric 
phosphate moiety. The endocytosis was primarily promoted by lipid rafts pathway 
where a significant reduction in fluorescence intensity was observed when melanoma 
cells were pre-incubated with nystatin. Combined microwave and ethanol pre-
treatment of skin increased skin drug retention and decreased permeation of aqueous 
5-fluorouracil solution. The combination fluidized the skin lipidic domains, 
defluidized the hydrophilic regimens causing an increase in aqueous pores population 
and their sizes. The summative effect translated into an increased drug penetration, 
permeation and retention of drug solution in the skin. When microwave pre-treatment 
was combined with 100 μl ethanol, rapid movement of ethanol from epidermis to 
dermis under the gravity bringing extracted epidermal lipids downwards and 
accumulating them in dermis in addition to fluidization of the extracellular proteins at 
C-N moieties. The expanded proteins structure and epidermal lipids accumulation in 
dermis promoted skin drug retention by narrowing the permeation pathways and 
formation of an additional lipid barrier consisting of ceramide and palmitic acid in 
dermis.    
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CHAPTER ONE 

INTRODUCTION 

 

 

1.1 OVERVEIW 

 

 Skin, being an easily accessible organ, has the demerit of being affected widely by 

various pathological conditions and skin cancer is one of the devastations among them. 

The pathogenesis of the skin cancer is multifactorial, Ultraviolet radiations in sunlight 

are considered to be the prime etiology capable of reaching deep skin layers and 

inducing DNA damage, gene mutations, immunosuppression, oxidative stress and 

inflammatory response, all of which play a pivotal role in causing the skin cancer 

(Madan et al., 2010; Narayanan et al., 2010). Skin cancer is commonly categorized into 

non-melanoma and malignant melanoma. The non-melanoma skin cancer is sub-

categorized into basal cell carcinoma and squamous cell carcinoma, both originate from 

epidermal keratinocytes and remain confined to the affected skin region. An estimated 

2-3 million of the world population get affected each year with non-melanoma skin 

cancer (Narayanan et al., 2010) . In contrast, the malignant melanoma is one of the 

deadliest skin cancer with an estimated 132000 cases diagnosed each year of which is 

characterised by a high mortality rate (Narayanan et al. 2010). It originates from 

epidermal melanocytes  and can extend down to dermis and even into systemic 

circulation if not intervene in time (Moschetta et al., 2014). Medical interventions 

include surgical removal of the diseased area (Neville et al., 2007), topical treatment 

with chemotherapeutics such as 5-fluorouracil, ingenol mebutate, interferon and 

imiquimod (Bahner & Bordeaux, 2013; Chakrabarty & Geisse, 2004; Haque et al., 

2015; Neville et al., 2007). 

 5-fluorouracil is a pyrimidine analogue used for the treatment of various cancers 

for more than 40 years  (Salonga et al., 2000). It’s a thymidylate synthase inhibitor, 

whose inhibition leads to blockage of synthesis of pyrimidine thymidine, which is a 

nucleoside required for DNA replication. 5-fluorouracil is a small water-soluble 

molecule which can be absorbed very rapidly into blood stream from the injection site 

(Akeo et al., 1998) and it exhibits a non-selective cytotoxic effect on bone marrow, liver 

and gastrointestinal tract. It has been used for the treatment of colorectal cancer, 
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