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SYNOPSIS 

1. TITLE 

Development and Characterization of Apigenin Transfersomal System for Skin Cancer 

2. INTRODUCTION 

Skin cancer is one of the most common types of cancer. Skin cancer is the uncontrolled 

growth of abnormal cells in the skin. According to current estimate, 40-50 % of Americans, 

who live to age 65 have skin cancer at least once. Each year, Cancer develops when DNA, 

the molecule found in cells that encodes genetic information, becomes damaged and the body 

cannot repair the damage. These damaged cells begin to grow and divide uncontrollably. 

When this occurs in the skin, skin cancer develops. As the damaged cells multiply, they form 

a tumor. Since skin cancer generally develops in the epidermis, the outermost layers of skin, a 

tumor is usually clearly visible. This makes most skin cancers detectable in the early stages. 

More than 1.5 million skin cancers are diagnosed annually and the incidence of skin cancer is 

rising as well. About 80 percent of skin cancers are basal cell carcinoma, 15 percent 

squamous cell carcinoma, and 5 percent invasive melanoma. More than 75 percent of skin 

cancer deaths are due to malignant melanoma. Exposure to ultraviolet (UV) radiation is 

associated with a variety of harmful effects ranging from photoaging to skin cancer.UVB 

(290 to 320 nm) directly damages the cellular DNA leading to the formation of the 6-4 

cyclobutane pyrimidine dimmers, and UVA (320 to 400 nm) indirectly damages the DNA via 

the production of oxygen reaction species. Apigenin a naturally occurring plant flavone (4', 5, 

7,-trihydroxyflavone) abundantly present in common fruits and vegetables including parsley, 

onions, oranges, tea, chamomile, wheat sprouts and some seasonings. Apigenin has been 

shown to possess remarkable anti-inflammatory, antioxidant and anti-carcinogenic properties. 

The cancer chemopreventive properties of apigenin were first demonstrated by Birt et al. who 

described the antimutagenic and anti-promotion properties of apigenin through inhibition of 

TPA-induced ornithine decarboxylase activity in mouse skin. These initial studies with 

apigenin generated further interest in the development of apigenin as a chemopreventive 

and/or chemotherapeutic agent. Li et al. established a short-term in vivo system to evaluate 

topical formulations of apigenin and to determine whether apigenin is effective when 

delivered as a topical preparation to local skin lesions. It was observed that topical 

application of apigenin was capable of targeting local tissue. Another study by Li and Birt, 

demonstrated the in vivo and in vitro percutaneous absorption of apigenin using different  
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vehicles. Through these studies it was apparent that delivery of apigenin into viable epidermis 

appears to be a necessary property for an apigenin formulation to be effective in skin cancer 

prevention. Studies have shown that apigenin is effective in the prevention of UVA/B-

induced skin carcinogenesis in SKH-1 mice. Topical application of apigenin has been shown 

to inhibit UV-mediated induction of ornithine decarboxylase activity, reduce tumor incidence 

and increase tumor-free survival in mice. Several other studies have provided evidence that 

apigenin prevents UV-induced skin tumorigenesis by inhibiting the cell cycle and cyclin-

dependent kinases. Novel drug delivery system is advantageous in delivering the drugs at 

predetermined rate on desired site of action which minimizes the toxic effects with the 

increase in bioavailability of the drugs.  Application of novel vesicular drug delivery systems 

with phytoconstituents can lead to enhanced bioavailability, increased solubility and 

permeability, thereby reducing the dose and hence, side effects.  

3. OBJECTIVE OF RESEARCH 

The objectives of the proposed research work are: 

 To prepare nanocarrier vesicular system of apigenin for achieving the sustained drug 

release. 

 To achieve enhanced therapeutic effect and increased permeability. 

 To study the efficacy of the prepared formulation in animal model of skin cancer. 

 

4. BRIEF REVIEW OF THE WORK ALREADY DONE IN THE FIELD 

The exhaustive literature survey furnished the information about photoprotective of herbal 

drugs of different categories with natural flavonoids and their derivatives for enhancement of 

solubility, stability, bioavailability and permeability etc.  Till date, very little work, related to  

a natural plant flavone apigenin based novel drug delivery system for skin cancer, which can 

give a fruitful contribution in this area, is available. We enumerate some of important 

contribution in the following way: -  

 Gao et al., (2013) prepared nanocrystals of apigenin by the supercritical antisolvent 

process for dissolution and bioavailability enhancement. The pharmacokinetic study 

of apigenin nanocrystals, in comparison to coarse powder, was also performed in rats 

after a single oral dose. 

 Zhai et al.,(2013) studied that apigenin-loaded micelles were fabricated by a thin-film 

dispersion method and possessed a sustained release property. Polymeric micelle 
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formulation  become a potential nanocarrier for apigenin as a poorly water soluble 

drug. 

 Sachan et al. ,( 2013) prepared drug carrier transfersomes a novel tool for vesicular 

drug delivery system, which can respond to an external stress by rapid and 

energetically inexpensive, shape transformations. Such highly deformable particles 

can be used to bring drugs across the biological permeability barriers, such as skin.  

 Anitha et al., (2012) reported that Plant phenolics are one candidate for prevention of 

harmful effects of UV radiation on the skin. Additionally, plants contain a lot of other 

substances which can be useful for skin care. 

 Man et al., (2012) studied demonstrate that topical apigenin inhibits acute 

inflammation and subacute dermatitis as indicated by improved epidermal 

permeability barrier function. Therefore, apigenin could be useful in treating acute 

and subacute dermatitis. 

 Lin et al., (2012) studied that the anti-hepatoma activity of apigenin is as effective as 

5-FU and its apoptotic mechanism might be mediated through the p53-dependent 

pathway and the induction of p21 expression.  

 Modhi et al , (2012) prepared transfersomes are new dominants for transdermal drug 

delivery. This high deformability gives better penetration of intact vesicles. They can 

act as a carrier for low as well as high molecular weight drugs e.g. analgesic, 

anesthetic, corticosteroids, sex hormone, anticancer, insulin, gap junction protein, and 

albumin.  

 Seema et al ,(2012) vesicular systems have been realized as extensively useful carrier 

systems in various scientific domains. Over the years, vesicular systems have been 

investigated as a major drug delivery system due to their flexibility to be tailored for 

varied desirable purposes.  

 Dhiman et al ,(2012) reported there is a great potential in development of novel drug 

delivery system for valuable herbal drugs as it provides efficient and economical drug 

delivery. Also, the trend of incorporating NDDS for herbal drugs has also been 

adopted at industrial scale. 

 Mimeault  et al,(2012) reported that Despite great interest in using the curcumin as 

chemopreventive or therapeutic agent. Thus, these future investigations should lead to 

more chemically stable and effective curcumin formulations that could be used as 

dietary substances, in safe conditions for cancer prevention. 
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 Muller et al., (2011) apigenin nanosuspensions were prepared using the combination 

technology. These skin formulation to overcome the poor solubility and dermal 

application as efficient antioxidant. 

 Kaur et al., (2011) studied the photoprotective nature of the P. granatum extract was 

confirmed and development of cream incorporated with extract loaded 

nanotransfersomes was successfully done. The application of herbal extract loaded 

nanovesicular creams could be utilized for the prevention from ultraviolet radiations 

generated premature aging. 

 Kulkarni et al , (2011) have studied the Application of novel drug delivery systems 

to phytoconstituents can lead to enhanced bioavailability, increased solubility and 

permeability, thereby reducing the dose and hence, side effects. A number of plant 

constituents have exhibited enhanced therapeutic effect at similar or less dose when 

incorporated into novel drug delivery systems as compared to conventional extracts. 

Hence, there is great potential in development of novel drug delivery system for 

valuable herbal drugs.  

 Ulrich et al ,(2011) multiple studies have evaluated the use of RCM in melanoma 

and nonmelanoma skin cancer and have demonstrated high sensitivity, specificity 

rates and discuss other clinical applications of this emerging technique. 

 Shukla et al., (2010) studied that apigenin has gained particular interest over the 

years as a beneficial and health-promoting agent because of its low intrinsic toxicity 

and because of its striking effects on normal versus cancer cells, compared with other 

structurally related flavonoids. 

 Saraf et al ,(2009) this review focused on list of herbs, formulations and evaluation 

parameters  researches have to be carried out to validate simple, economic and rapid 

methods to carry out efficacy studies of herbal photoprotective formulations.  

 Chuang et al., (2009) reported that apigenin represents a promising chemotherapeutic 

agent, which may be used in combination with immunotherapy for the treatment of 

advanced stage cancers.  

 Mukerjee  et al , (2009) showed that Curcumin-loaded PLGA nanospheres were 

prepared by using a s/o/w emulsion solvent evaporation technique. PLGA 

nanospheres are capable of delivering curcumin over a prolonged period achieving a 

sustained delivery of curcumin, thus making it a potential candidate for cancer 

therapy. 
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 Patel et al., (2007) this review examined the cancer chemopreventive effects of 

apigenin in an organ-specificity format, evaluating its limitations and its considerable 

potential for development as a cancer chemopreventive agent. 

 Liu et al., (2005) studied that apigenin may inhibit human lung cancer angiogenesis 

by inhibiting HIF-1 and VEGF expression, thus providing a novel explanation for the 

anticancer action of apigenin. 

 Birt et al., (1997) evaluated that apigenin is effective in the prevention of ultraviolet-

B light (UVB) induced skin carcinogenesis. Mouse skin carcinogenesis was induced 

by exposure to a total dose of 40 J/cm2 UVB over 11 weeks. Reduction in cancer 

incidence (52% inhibition) and an increase in tumor free survival in comparison with 

control mice (P < 0.01). 

 

5. NOTEWORTHY CONTRIBUTION IN THE FIELD OF PROPOSED WORK 

Each year, millions of people find out that they have skin cancer. Skin cancer is almost 100% 

curable if found early and treated right away. From the exhaustive literature review, it was 

observed that the poorly water soluble/bioavailable drug with bioflavonoid apigenin based 

polymers improves/enhances the solubility, stability and bioavailability. However, very few 

literatures are available and reported on the development of novel delivery system of based 

on these apigenin drugs. Therefore, keeping in mind this concept, the proposed research work 

will contribute in the formulation development and characterization of apigenin based novel 

drug delivery for photochemoprotective is a unique nanocarrier delivery system. The 

quantitative and qualitative results will provide the evidence that nanovesicular formulation 

development in this study will be become a potential nanocarrier for apigenin as a skin 

cancer. One of the most desirable goals in cancer chemoprevention is the identification of 

natural agents with demonstrable efficacy against defined molecular targets. And the work 

will contribute globally by improving health related quality of life in skin cancer patients. 

6. PROPOSED METHODOLOGY OF THE RESEARCH WORK 

The proposed work will be carried out according to the following plan: 

1. Procurement of  apigenin drug and other consumables 

2.  Preformulation studies 

 Identification of drug by chemical test, UV and IR Spectrometry. 
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 Solubility studies in aqueous and non-aqueous solvents. 

 Partition coefficient studies. 

 Preparation of standard curve of drug apigenin. 

 Preparation of different pH media  selection 

 Compatibility study 

    3. Selection of polymers. 

    4.  Preparation of transfersomes of apigenin. 

   5.  Characterization of prepared formulation for 

 Entrapment efficiency 

 Drug content 

 Vesicle morphology 

 Vesicle size distribution and zeta potential 

 No. of vesicles per cubic mm 

 Degree of deformability or permeability measurement 

 Surface charge and charge density(Zetasizer) 

 In-vitro drug release 

6. Optimization of various parameters- 

 Formulation parameter. 

 Processing parameter. 

7. Stability studies 

 Accelerated stability studies at different temperature and humidity levels for 

changes in morphology and drug content.  

 Release study of aged products 

8. In vivo studies 

 Ex vivo skin permeation studies  

 Cytotoxicity studies 

 Penetration ability study (CLSM) 

 Primary skin irritation studies 

 Skin surface biopsy studies 

 Animal models of skin cancer incidence 

9. Compilation and presentation of data 
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7. EXPECTED OUTCOME OF THE PROPOSED WORK 

The objective of proposed research work is lead to the development of novel Photoprotective 

Vesicular approaches for sustained Drug Delivery System of Apigenin for higher exposure on 

site of action to achieve the desired therapeutic potential for skin cancer. Application of 

novel drug delivery systems to phytoconstituents of bioflavonoid is lead to enhanced 

therapeutic effect, increased permeability and thereby reducing the dose and hence, side 

effects.  
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