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1. Introduction 

1.1. Background 

Cancer is among the most devastating diseases globally regardless of huge 

government funding as well as heroic attempts on cancer research to diminish 

mortality and improve survival. At present, cancer is a much familiar word. Most of 

us know at least one relative/ friend/ neighbour/ colleague or one associated to them, 

who have been diagnosed with cancer. There is a rising perception that cancer 

incidence is on a significant increase [1], owing to increased toxicants in the 

environment. 

Cancer is a multifaceted disease which is the result of abnormal/ uncontrolled growth 

and division of atypical cells as a result of gene mutations. Due to mutation, cancer 

cells display certain characters like proliferation, resistance to the signals which 

restrain their growth and resistance to signals of apoptosis which causes cell death. 

These characteristics make it difficult to treat this disease [2, 3].  

Cancer is linked with a group of diseases that shares analogous characteristics and 

cells grow abnormally/ uncontrollably while disregarding the normal cell division 

rules.  External factors (such as tobacco, infectious organisms, chemicals and 

radiation) as well as internal factors (inherited mutations, hormones, immune 

conditions and mutations that occur from metabolism) are mostly responsible for 

cancer. These causal factors may act together or in sequence to initiate or promote the 

development of cancer [4]. 

Cancer can influence all living cells of the body and can affect at any age and in both 

the genders [5]. Diagnosis of cancer often tends to shatter personal health 

expenditures. Such expenditures may lead the entire family to a financial condition 

below the poverty line [6].  

1.2. Current situation   

Globally, one out of six deaths occurs due to cancer and it is the second most common 

reason for deaths, superseded only by heart diseases.  The World Health Organization 

(WHO) projected that the number of new cases of cancer is expected to rise by nearly 

70% within the two next decades, with wide occurrence in low/ middle-income 

countries [7]. The Indian Council of Medical Research (ICMR) has recently projected 
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that India would possibly report over 17 lakh new cases of cancer and over 8 lakh 

deaths due to the disease by the year 2020 [8].  

1.3. Cancer biology 

Carcinogenesis or cancer biology is a multi-stage process which conventionally 

involves initiation, promotion and progression. Generally, carcinogenic agents are 

initiators and promoters which may be similar to vital environmental factors for 

cancer development [9]. According to researchers, the agents that promote the cells to 

develop tumours are known as initiators and the agents that stimulate the development 

of tumours are known as promoters. Compounds that behave as both initiators as well 

as promoters are called 'complete carcinogens' [10]. There are significant 

developments in the count of models for studying the stepwise investigation of 

carcinogenesis. Foci of the studies today are on the carcinogenic agents and 

immediate effects of these agents on cells and tissues i.e. identifying the rising 

number of carcinogens, initiators as well as promoters. Technological developments 

have enabled studies of the multistep nature of carcinogenic processes in-vivo [11].  

1.4. Steps in cancer development 

1.4.1. Initiation 

Initiation is the prior step in the development of cancer. It is contemplated as the 

result of a genetic alteration that leads to the abnormal proliferation of a cell [12]. 

Initiators, react with deoxyribonucleic acid (DNA) leading to its alteration. Also, 

drug-metabolizing enzymes present inside the body may cause DNA damage.  Effects 

of these initiators are generally irreversible. Once a cell gets affected by an initiator it 

will be disposed to the promotion of carcinogenesis till its death. Thus, initiation is 

considered as a permanent genetic change and further daughter cells producing these 

mutated cells would also bear these mutations [10, 13].   

1.4.2. Promotion 

Once initiation by a carcinogen occurs in a cell, then the cell becomes susceptible to 

the effect of promoters. These promoter agents promote the proliferation of these cells 

and result in the production of a large number of daughter cells containing the 

mutation which was created by the initiator agent [14].  Promoters generally show no 

effect when the organism has not been affected previously with an initiator [13]. In 

contrast with initiators, promoters do not react with DNA or macromolecules present 
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inside the cell. Usually, promoters bind to receptors present on the cell surface to 

affect intracellular pathways leading to cell proliferation [10]. Promoters may be of 

two categories including, specific promoters (interact with receptors or target cells of 

particular tissues) and non-specific promoters (alter gene expression in absence of a 

known receptor). Effect of the promoter in tumour development is dose-dependent. 

There is a minimum as well as a maximum effect of promoters. A very low dose is 

not capable of developing a tumour. An extremely high dose also would not lead to a 

higher risk beyond a specific level of exposure [13].  

1.4.3. Progression 

The term progression was coined by Leslie Foulds and it refers to the step-

wise transformation of the benign tumour to neoplasm and neoplasm to malignancy. 

Progression is coupled with karyotypic changes as nearly all tumours are aneuploid. 

The karyotypic changes get associated with increased invasiveness, growth and 

metastasis [13]. Tumour progression persists in the form of additional mutations that 

arise within tumour cells. These mutations many times lead to rapid production of the 

descendant cells bearing mutation and consequently become dominant in that tumour 

population. This process is known as clonal selection. Clonal selections go on through 

all the stages of tumour development leading to the rapid tumour progression [12, 15]. 

1.5. Symptoms of Cancer 

General symptoms linked with cancers are not specific and may include: 

 Thickening or lump that may be felt under the skin 

 Unintended weight changes 

 Fatigue 

 Changes in bowel or bladder habits 

 A constant cough 

 Persistent discomfort after the meal 

 Inexplicable muscle/ joint pain 

 Inexplicable sweat or fever at night [16] 

1.6. Stages of tumour development 

The development of a tumour from a genetically altered cell is basically a step-wise 

progression. Stages involved are hyperplasia, dysplasia, carcinoma in-situ and cancer. 
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1.6.1. Hyperplasia- Genetically altered cell starts dividing in an uncontrolled manner 

and leads to the production of excess numbers of cells in that region. The cells usually 

have the normal appearance but they become too many in number. 

1.6.2. Dysplasia- It is referred as additional genetic changes occurring in the 

hyperplastic cells that lead to a rise in abnormal growth. At this stage, the cells/ tissue 

remain no longer normal and may become disorganized. 

1.6.3. Carcinoma in-situ- Further alterations make the cells/ tissues appear all the 

more abnormal. At this stage, the abnormal cells form a larger area. A key aspect 

of in-situ development is that the cells are restricted to the initial location and have 

not yet started to invade other tissues. These types of cancers are curable through 

surgery as all the abnormal cells are present in one location and have not yet invaded 

the neighbouring tissue.  

1.6.4. Cancer (malignant tumours)- Malignant tumours have the capability of 

invading neighbouring tissues or metastasize to the areas outside the local tissue. The 

most dangerous form of cancer is the metastatic tumour and it accounts for the largest 

percentage of deaths due to cancer. The tumours which do not progress to invade 

distant tissues are said to be the benign tumours. As they do not move from their 

initial location, they are not considered to be dangerous. Benign tumours are often 

less lethal than malignant, but may still lead to severe health problems. Larger benign 

tumours may put pressure over organs and may cause other health issues. As in the 

case of brain tumours, there is limited space within the skull and thus a larger growth 

in the brain cavity may be mortal [9, 12, 17-21].  

1.7. Skin cancer 

Skin cancers are basically of two types including melanoma and non-melanoma skin 

cancers (NMSCs). The NMSCs include basal and squamous cell skin carcinomas 

(BSCs and SSCs respectively). Melanoma is the one which is most responsible for 

cancer-related deaths among skin cancers. Worldwide, NMSCs occurrence is 

estimated to be about 2-3 million every year [22-24]. NMSCs normally have a benign 

course with locally affecting characteristics [25]. Nearly 3 to 8% augmentation has 

been recorded in skin cancer each year.  Exact percentage of incidence of skin cancer 

in India is not known statistically, but NMSCs is quite uncommon among Asians [26]. 

SSCs are common in dark-skinned individuals than BSCs. Various studies in India 
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have constantly reported SSCs as the most prevalent skin malignancy [27]. SSCs 

generally occur in sites which are not exposed to the sun and are often more 

aggressive [28]. The occurrence of SSCs increases rapidly with increasing age [29].  

1.7.1. Reasons for increasing incidence of skin cancer  

The pragmatic increase in the incidence of skin cancers is linked with numerous 

factors including: 

 The shift towards considerably older age which is associated with the higher risk 

of NMSCs [30].  

 Increased recreational or occupational UV light exposure [31].  

 Indoor tanning is also associated significantly with increased risk of BSCs and 

SSCs [31]. 

 Exposure to the excess of radiations like X-rays. 

 Impairment of the immune system, which is meant to protect the skin from 

allergic substances and harmful reactions. 

 Skin type (white skin more prone). 

 Contact with carcinogenic chemicals like hydrocarbons in tar and soot [25, 32, 

33]. 

1.7.2. Skin cancer diagnosis 

Diagnosis of skin cancer requires contemplation of alternative diagnoses, pertaining 

to benign including Verruca vulgaris, Seborrheic keratosis, Actinic porokeratosis, 

eczema, Lentigo solaris, psoriasis, Lichen planus etc. Malignant conditions involve 

extra-mammary Paget‟s disease keratoacanthoma, SSCs, BSCs, Lentigo maligna etc. 

Clinicians are expected to perform total body skin examination, at least for the 

individuals with high-risk [34]. Photodynamic visualization may be helpful in 

identification of actinic keratosis and histological confirmation is required in case of 

invasive suspected skin carcinoma [35]. The use of advanced and non-invasive optical 

technologies, like optical coherence tomography and dermatoscopy, may be useful in 

the improvement of diagnostic accuracy in skin cancers [36, 37].  

1.7.3. Etiopathogenesis of skin cancer 

Both SSCs as well as BSCs, get initiated through keratinocytes. BSCs are frequently 

reported carcinomas that occur due to higher level of radiotherapy [38]. Individuals 

whose immunity becomes deficient may be due to organ transplant and is also 
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inclined to tumour development. Such patients develop skin cancer more frequently 

than the normal individuals [39]. Furthermore, patients suffering from NMSCs are at 

higher risk of concurrent or later occurrence of second NMSCs [40]. Some vital 

etiological agents include the high level of radiation therapy, coal tar, arsenic, various 

hydrocarbons etc. [41]. Experimental evidence and epidemiological data indicate that 

ultraviolet-B (UV-B) radiations are the most important reason for the initiation of skin 

cancer  [42]. Ozone layer depletion causes the continuous rise of UV-B levels in the 

atmosphere, thereby increasing the risk of skin cancer. Statistically, it is reported that 

each 1% reduction of ozone layer increases the incidence of tumours by 2-4% and risk 

of percentage increase of SSCs remain larger than BSCs [23, 43].  

1.8. Colon cancer 

The term “colon cancer” refers to gradually developing cancer that initiates as tissue 

or tumour growth on the inner walls of the colon [44]. Colon cancer is amplifying its 

threat globally due to increased mortality rate. Colon cancer is reported as the third 

most common cancer seen in both men and women, reported by ICMR, 2015. 

Currently, it imparts about 10% of the whole cancer burden. Moreover, it is expected 

to augment by 60% and more than 2.2 million new cases would occur by 2030 [45]. 

ICMR report 2015 has also stated that colon cancer constitutes 63,000 cases of deaths 

in men (10 % of all cancer cases) and 5,71,000 cases in women (9.4 % of all cancer 

cases). In India, the yearly prevalence of colon/ rectal cancer reported in men and 

women is 4.4 and 4.1 for every 1, 00,000 cases respectively [46, 47].  

1.8.1. Reasons for increasing incidence of colon cancer  

The rising occurrences of colon cancers are linked with various factors. Though 

family history may be a risk factor, the majority of the cases are shown to have a 

disease which was not reported in the family history. Some reasons enlisted for colon 

cancer are as below: 

 Ageing is one of the common risk factor for colon cancer. About 81% of the 

cases occur in the population at the age of 45 plus. Out of this, > 65% of cancers 

are seen between the ages of 65 to 84. 

 Alcohol consumption is other major risk factors in the development of colorectal 

cancer.  This incidence risk is directly associated with the amount of alcohol 

consumption.  
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 Numerous studies have proved the link between diabetes and colon cancer. About 

40% people with diabetes are likely to develop colon cancer.  

 Diets rich in fat/ cholesterol are found to be linked with the development of colon 

cancer. Further, diets low in fiber, vegetables or fruits are associated with a 

elevated risk. 

 Ethnicity is also a known factor, for instance. African Americans, show 40% 

more chances of colon cancer when compared with whites and have also reported 

20% higher deaths. 

 Family history is also a considerable reason. If a person has/ had a relative who 

has colon cancer, the chance of getting affected with the disease automatically 

rises.  

 Reports from numerous studies have shown that 1 out of 4 cases of colon cancer 

displayed similar genetic link.  

 Inflammatory bowel disease is characterized by the consequences of Crohn's 

disease and ulcerative colitis, both of which are linked with colon cancer 

development.  

 Obesity is a strong factor for colon cancer. People with obesity are likely to show 

30% more chances than those with normal weight. 

 Smoking damages every organ-system of the body. Long-term smoking is linked 

with hastened polyp growth to develop tumour [44, 48-50]. 

1.8.2. Colon cancer diagnosis 

Doctors use many tests/ diagnostic tools to diagnose cancer. They also examine 

whether it is benign or metastatic. For most of the cases, the biopsy is one of the 

genuine ways to ensure the presence of a cancerous area. In the biopsy, a small 

sample of tissue is excised for examination under a microscope, in a laboratory. All 

other tests just indicate the presence of cancer, but biopsy makes an unambiguous 

diagnosis of colorectal cancer. Sometimes, computed tomography (CT) scan or 

ultrasound is helpful to conduct a needle biopsy. Doctors consider signs/ symptoms, 

age, medical condition and family history as important factors with additional 

physical examination for diagnosing colorectal cancer. Colonoscopy is another way of 

diagnosis. It permits a view inside the whole rectum and colon while patients are 

sedated. Doctors also suggest laboratory testing of a tumour sample to screen specific 

genes, proteins or other factors involved. Blood tests may also be performed, as 

https://www.verywell.com/colon-cancer-and-ibd-1941591
https://www.verywell.com/crohns-disease-4013910
https://www.verywell.com/crohns-disease-4013910
https://www.verywell.com/crohns-disease-4013910
https://www.verywell.com/ulcerative-colitis-4013737
https://www.verywell.com/colon-cancer-and-smoking-797465
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colorectal cancer usually bleeds in the rectum or large intestine. Patients often become 

anaemic. Count of red blood cells may indicate the occurrence of bleeding. Blood test 

detecting the levels of carcinoembryonic antigen (CEA) protein may indicate the 

spread of tumour to other parts of the body. CEA is not an apt test as its levels rise in 

only about 60% of the people with colorectal cancer. A CT scan may be used to 

determine the tumour size. CT scan can also check for the spread of cancer to the 

organs like lungs, liver etc. Magnetic resonance imaging (MRI) is one of the best 

imaging tests to detect the exact location of colorectal cancer. An ultrasound forms a 

picture of internal organs to examine the spread of cancer. In positron emission 

tomography (PET) or PET-CT scan, a radioactive sugar substance is injected into the 

patient. This sugar substance gets taken up by the cells. Cancerous cells tend to use 

more energy and thus absorb more of the radioactive substance. A scanner then 

detects the substance and produces an image [51, 52]. 

1.8.3. Aetiology and pathogenesis of colon cancer 

Just like any other form of cancer, colorectal cancer is likely to be multifactorial and 

may follow a two-step carcinogenesis model that is initiation and promotion. As per 

this model system, there is an involvement of a series of events in order to produce 

cancer, instead of a single cause. Initiation includes exposure to a carcinogenic agent 

which irreversibly causes genetic mutation and converts the normal cell to the 

cancerous one. Promotion includes agents which are not usually carcinogenic but 

promotes tumour once initiated [53-55].  

Colorectal cancer originates from epithelial cell linings of the colon/ rectum, mostly 

due to some mutations in the Wingless/Integrated (Wnt) signalling pathway which 

raises signalling activity [56, 57]. Adenomatous polyposis coli (APC) gene is the most 

common mutated gene in almost all colorectal cancers, which produces the APC 

protein. This APC protein impedes the amassing of β-catenin protein. In absence of 

APC protein, β-catenin amasses to high levels and translocates inside the nucleus and 

binds to DNA to activate transcription of proto-oncogenes. Cancer may be due to the 

mutations in other genes like TCF7L2, AXIN1, AXIN2, etc. [58-60]. 

1.9. Cancer prevention  

Cancer prevention includes the actions performed in order to decrease the chances of 

being affected by cancer. Cancer prevention decreases the cancer burden and reduces 

https://www.cancer.net/node/24714
https://en.wikipedia.org/wiki/Epithelium
https://en.wikipedia.org/wiki/%CE%92-catenin
https://en.wikipedia.org/wiki/Transcription_(genetics)
https://en.wikipedia.org/wiki/Oncogenes
https://en.wikipedia.org/wiki/TCF7L2
https://en.wikipedia.org/wiki/AXIN1
https://en.wikipedia.org/wiki/AXIN2
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=45333&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=439419&version=patient&language=English&dictionary=Cancer.gov
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the number of cancer deaths. Cancer prevention recommends a cost-effective strategy 

for the cancer control. National programs and policies may be implemented to 

increase awareness for reduction of exposure to cancer-causing risk factors and 

people should be provided with the information to adopt healthy lifestyles. 

Genes, lifestyle and surrounding environment may enhance or reduce the cancer risks. 

Researchers have suggested various ways of cancer prevention. Moreover, the 

American Cancer Society reported that there is strong evidence which suggests that 

healthy behaviour may substantially reduce the risk of cancer development. 

 Diet and lifestyle changes. 

 To avoid things and environment prone to cancer. 

 Not to use tobacco 

 Regular medical checkup to find out pre-cancerous situations early, so that may 

be treated. May even have cancer screenings as per suggested guidelines. 

 To take medicines to treat the precancerous condition, if detected. 

 Perform adequate physical activities 

 Have healthy foods 

 Have vaccination against human papilloma virus [61-65]. 

1.10. Cancer treatment options 

Standard cancer treatment includes the combination of radiation, surgery and 

chemotherapy. The treatment strategies depend on location, type, stage and extent of 

tumour. Common therapies include surgery, radiation therapy, hormone therapy, 

chemotherapy, immunotherapy and stem cell transplant. 

 Surgery may be performed to remove tumour only when it is limited to its site of 

origin. Nearby tissues and lymph nodes may also be removed through surgery. 

Surgery may be performed through laser or by using conventional instruments. 

 Radiation therapy treats cancer as well as certain diseases through ionizing 

radiation. The cancerous cells and its genetic contents are destroyed by the use of 

ionizing radiation in the treatment area.  

 Hormone therapy changes the effects of the hormones which are involved in the 

growth of cancer. This particular therapy is commonly utilized in the treatment of 

breast and prostate cancer. 

 Chemotherapy uses anti-cancer drugs for cancer treatment. These anti-cancer 

drugs destroy cancer cells by preventing its multiplication and growth at some or 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=44660&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46220&version=patient&language=English&dictionary=Cancer.gov
https://www.mcancer.org/cancer-prevention/screening
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=482419&version=patient&language=English&dictionary=Cancer.gov
https://www.mcancer.org/cancer-prevention/nutrition
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other points of their life cycle. These drugs may be administered by different 

routes.  

 Biological therapy makes use of the immune system to fight against cancer that 

may be indirect or direct. This uses natural/ herbal agents and also diminishes the 

side-effects that may have been developed due to other cancer treatments. 

 Stem cell transplant (bone marrow transplant) may use one‟s own or donor‟s 

stem cells to grow healthy, mature and disease-free cells [66-68]. 

1.11. Chemotherapy 

Various known compounds have anticancer activity. These agents mostly have a 

narrow therapeutic window and do not have selectivity for cancer cells. The required 

goal of cancer chemotherapy should be the development or use of such agents/ drugs 

that may be able to kill tumour cells specifically or that may render them benign 

without upsetting normal cells of the body.  

1.12. Limitations of conventional chemotherapy 

Conventional chemotherapy targets DNA and results in improved survival of cancer 

patients. Though, it contains numerous limitations such as non-specific drug 

distribution, poor selectivity, fast clearance, systemic toxicity along with severe side 

effects. These limitations create the significant challenge in the effectual cancer 

treatment. Most of the anti-cancer drugs like doxorubicin, paclitaxel etc. have low 

selectivity and thus distributes systemically with lesser localization to tumour site. 

Therefore, higher doses are needed to reach pharmacological levels at the required 

site which in-turn lead to increased toxicity and severe side effects to the normal 

tissues [69, 70]. So as to circumvent toxic side effects, these drugs are often 

administered at lower doses than the required ones which subsequently result in 

failure of therapy along with the development of drug resistance as well as metastasis. 

Thus, cancer eradication still remains a major trouble due to its heterogeneous 

character and failure of chemotherapeutic agents to target tumour site without 

affecting healthy tissues. 

Consequently, there is an overwhelming need to make use of such chemo-

preventative and chemotherapeutic agents that are both effective as well as safe. One 

practical approach to this problem is the use of terrestrial plants and naturally 

existing/ agents of natural origin as a platform for drug development [4]. 
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Another approach can be the development of a novel delivery system by making use 

of existing synthetic drugs that may show multiple functions including targeting, 

diagnosing and killing of tumour cells specifically. Naturally (derived from plants/ 

animals) existing agents are playing a dominant role in the development of traditional 

and sophisticated drug delivery system. The WHO has estimated that about 80% of 

the Asian and African countries using traditional medicines for prime healthcare. 

Plant products and compounds originated from plant products also play a significant 

role in the health care area of developed countries. The herbal cure is the most 

accepted version of traditional medicine and is very productive in the international 

market. The global market for herbal products is anticipated to raise $5 trillion by 

2050 [4].  

1.13. Efficient way out 

Safe and site-specific drug delivery is a major obstacle for numerous diseases 

including cancer. Because of above-mentioned reasons there has been rising interest 

in the development of innovative approaches that may be safer and can affect only the 

required site. Paul Ehrlich introduced the theory of “Magic Bullet” for drug targeting 

[71]. It contained two things, one than the drug molecule should identify the target 

site and other that the drug molecule should effect therapeutically only at the targeted 

site. Cells or tissues can be targeted by encapsulating the drug moiety in a suitable 

pharmaceutical carrier which is a modified version of a magic bullet [72]. The nano-

sized delivery system can be designed that could be utilized as both therapeutic and 

diagnostic agent. Numerous studies have shown that the limitations of conventional 

drug therapy can be conquered through nanotechnology [73, 74].  

1.14. Nanotechnology in cancer  

Nanotechnology is usually a multidisciplinary scientific field which undergoes a 

broad expansion. Nanotechnology has been derived from the Greek word „nano‟ 

which means „dwarf‟. It is defined as a science/ engineering of assembling and 

constructing the objects at nano-scale, a thousand millionth a meter [75, 76]. The size 

of nanomaterials are ideal for increasing oral bioavailability, surface area, higher drug 

loading, rapid commencement of therapeutic action etc. Dissimilarly, conventional 

drugs rapidly get cleared from the body thereby reducing drug amount from tumour 

site [77]. Nanocarriers containing drugs increase its half-life, circulation time, 

allowing a greater amount of drug to reach the target site [78]. Anticancer drugs in 
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nanoformulations display a superior therapeutic index as a result of improved 

pharmacokinetics, distribution and accumulation of drug at the tumour site [79]. The 

nano-sized systems exhibit more permeability into tumour site, as tumour sites have a 

leaky vasculature. Smaller size facilitates topical, transdermal, nasal, oral, parenteral 

and ocular drug administration. Consequently, nano drug delivery systems can be 

successful tools for anticancer therapy. Numerous nanostructures including vesicular 

systems (niosomes, liposome) biodegradable polymers, lipidic nanoparticles, 

micelles, carbon nanotubes and metallic nanoparticles (gold, silver nanoparticles) 

have been studied for the treatment of cancer [80-82].  

1.15. Mechanisms of drug targeting  

The success key for cancer treatment is to increase the drug accumulation at the 

tumour site. Drug concentration reaching the cancerous tissue requires being precise, 

once the drug reaches the tumour site. It is required to selectively kill the cancer cells 

while avoiding harm to the healthy tissues in order to reduce toxicity and adverse 

effects. The two mechanisms involved in facilitating drug-loaded nanoparticles to 

reach the tumour site are passive and active approaches [72]. 

1.15.1. Passive drug targeting 

In passive targeting, nanosized drug delivery systems utilize characteristics of the 

tumour vasculature to accumulate in the neoplastic site through enhanced 

permeability and retention (EPR) phenomenon, as demonstrated by Maeda and 

Matsumura [83-85]. The EPR concept relies on the pathophysiological characteristics 

of leaky vasculatures and lymphatic drainage [86]. EPR allows the diffusion of 

circulating nanoparticles to permeate tumour tissues, thereby avoiding healthy tissues 

[87, 88]. Mostly, for passive targeting, nanoparticulate delivery systems are surface-

coated using biopolymers like polyethylene glycol (PEG) in various types of cancer 

[89, 90]. Nanoparticle accumulation in tumour tissue is difficult to determine as it 

depends on numerous factors like shape, size, zeta potential etc. of the nanoparticles. 

Thus, a small part of administered dose gets accumulated at the target site which 

becomes a momentous limitation for passive drug targeting [86]. Considering these 

limitations, active drug targeting is focused nowadays. 

1.15.2. Active drug targeting 

Active drug targeting is intended to deliver drug selectively to the tumour tissues. In 

this targeting strategy targeting moiety or ligand are attached over the surface of 
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nanocarriers. These moieties identify the tumour-specific epitopes and enable the 

nanocarriers to bind to these receptors, usually over-expressed at tumour site. These 

specific receptors are tumour markers and are either not expressed or expressed at 

lower levels on healthy/ normal cells [91]. For the efficient targeting of nanoparticles 

at tumour site it is necessary to have a sufficient amount of targeting moieties [92]. 

Presently many ways are existing for the production of active targeting drug carriers 

and numerous moieties are available including proteins, small molecules, aptamers, 

monoclonal antibodies and nucleic acids that specifically identify over-expressed 

receptors on tumour cells.  

1.16. Different types of moieties/ ligands for active targeting 

1.16.1. Protein/ peptides 

Numerous proteins/ peptides have been scrutinized for tumour targeting potential 

[92]. Atypical glycosylation is seen in almost all types of experimental and human 

cancers. The glycosyl epitopes form antigens which can be utilized for targeting of 

tumour cells [93]. Lectins like proteins are of non-immune origin and have the 

potential ability to recognize aberrant glycosylation. Hence, lectins have been used in 

researches for targeting of glycosylation associated with metastasis [94, 95].  

1.16.2. Monoclonal antibodies (mAb) 

Cancer cell targeting with a mAb was explained by Milstein, 1981 [96]. These mAbs 

bind to the receptor present on the cell surface and responsible to induce various 

antibody depended anticancer mechanisms [97, 98]. The practicability of antibody 

depended on tissue targeting has been demonstrated clinically with seventeen mAbs 

approved by the United States Food and Drug Administration (US FDA) [99]. 

Bevacizumab (Avastin, approved in 2004), the first angiogenesis inhibitor used for 

the treatment of colorectal cancer is an anti-vascular endothelial growth factor 

(VEGF) mAb which restrain the growth of new blood vessels [100]. More than 200 

drug delivery systems making use of antibodies or their fragments which are in 

preclinical/ clinical trials [101].  

1.16.3. Aptamers 

Aptamers are also an emerging class of targeting moieties that have single short 

stranded ribonucleic acid (RNA) or DNA sequence of oligonucleotides which is used 

as targeting moiety [102]. These aptamers form three-dimensional structures which 



Introduction and Review of literature 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 14 
 

display high ligand binding specificity required for target affinity. They are lesser 

immunogenic in comparison to antibodies and can be synthesized chemically. 

Docetaxel entrapped nanoparticles containing aptamer (against prostate cancer cells) 

seen to deliver high selectivity as well as efficacy in-vivo [103].  

1.16.4. Small molecules 

Small molecules of molecular weight <500 Da are among a promising class of 

targeting ligands. They are small in size, having low synthesis cost with high stability. 

Docetaxel entrapped poly (lactic acid) (PLA) and polycaprolactone (PCL) based 

targeted nanocarrier was developed by Chandran et al. by making use of PMSA as the 

targeting moiety [104]. This target moiety found promising for the nanoparticles 

uptake by the cell over-expressing prostate-specific membrane antigen (PMSA). This 

small molecule has also been used as a targeting moiety for developing a polymeric 

nanoparticle (BIND-014) prepared from a hydrophilic PEG and hydrophobic PLA 

polymeric core. This was controlled-release, first targeted delivery system of 

polymeric nanoparticles that reached clinical phase I trials for cancer chemotherapy 

[105]. 

1.17. Niosomes 

Niosomes are non-ionic surfactant based vesicular system. It is a biocompatible, 

biodegradable and nonimmunogenic nanocarrier system [106, 107]. Niosomes are 

mostly formed by cholesterol and non-ionic surfactants [108]. The unique bilayer 

structures of niosomes make it capable of encapsulating both categories of drugs 

(hydrophilic and lipophilic). Hydrophilic drugs get entrapped in the aqueous core or 

get adsorbed on bilayer surfaces, on the other hand, lipophilic drugs get encapsulated 

inside the lipophilic realm of the bilayers [109].  Niosomes were first used in cosmetic 

industries and their applications have been explored for drug delivery. When 

compared with liposomes, niosomes exhibit higher chemical and physical stability 

with larger availability of surfactants at lesser cost. Moreover, niosomes display 

enhanced residence time of drugs and diminish the systemic absorption.  

1.17.1. Preparation methods of niosomes 

1.17.1.1. Thin film hydration method 

The thin film hydration method is popular and is a relatively simple preparation 

method. In this, cholesterol, surfactants and some other additives like charge inducing 

https://en.wikipedia.org/wiki/Surfactant
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agents taken are together in a round-bottomed flask and dissolved in an organic 

solvent. After that organic solvent is evaporated using a rotary vacuum evaporator and 

thus a thin film is obtained. Then hydration of this thin film is done by using aqueous 

or buffer solution with constant shaking [106, 110]. 

1.17.1.2. Ether injection method  

In this method, the additives and surfactants are dissolved in diethyl ether and this 

solution injected slowly in an aqueous drug solution by a needle. Then organic solvent 

is allowed to evaporate at specific temperature, with stirring [111, 112]. 

1.17.1.3. Reverse phase evaporation method 

In reverse phase evaporation, surfactant and other additives are dissolved in a mixture 

of chloroform and ether and further added to drug-containing aqueous phase. The 

resultant mixture is sonicated to form an emulsion and further the organic phase 

allowed to evaporate [113, 114]. 

1.17.1.4. Multiple membrane extrusion method  

Surfactant, cholesterol and additives are dissolved in chloroform and processed to 

form a thin film. The prepared film is hydrated using aqueous drug polycarbonate 

membranes. The resultant aqueous suspension is extruded with passages. This method 

is ideal for controlling size of niosomes [115]. 

1.17.1.5. Supercritical carbon dioxide fluid method 

In this method, surfactant and several other additives are dissolved in ethanol in a 

view cell. The CO2 gas is then introduced into this view cell. After attaining 

equilibrium with magnetic stirring, the pressure is released to get niosomal dispersion. 

This method enables easy scale-up as it is a one-step production method  [116]. 

1.17.1.6. Transmembrane pH gradient method 

In this, a thin lipid film is formed through conventional method on the walls of a 

round bottomed flask. The formed film is hydrated using a solution of citric acid with 

vortex mixing. The resultant product is freeze-thawed to form niosomes. Further 

aqueous solution containing drug can be added to this suspension and then phosphate 

buffer is added. pH has to be maintained between 7-7.2 [117].  

1.17.1.7. Heating method 

In the heating method, surfactants and cholesterol are hydrated separately in buffer 

and the obtained solution is heated up to 120°C with continuous stirring in order to 



Introduction and Review of literature 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 16 
 

dissolve cholesterol. After temperature reduction, the surfactants and other ingredients 

are added to the cholesterol-containing buffer, with stirring to obtain niosomes [108]. 

1.17.1.8. Bubble method 

In bubble method, surfactants, other ingredients and buffer are added into a three-

necked glass flask. Components are dispersed at 70°C and mixed with homogenizer. 

Then the flask is placed on a water bath followed by nitrogen gas bubbling to obtain 

unilamellar niosomal vesicles [118]. 

1.18. Gold nanoparticles 

Gold nanoparticles (GNP) have been in much consideration now-a-days due to their 

unique characteristics and possibility of multiple surface functionalizations. The GNP 

can be effectively surface functionalized with proteins, oligonucleotides, antibodies 

etc. The multi-functionality of GNP gave numerous materials that can be used for a 

variety of biomedical applications. GNP also serves as a potential platform for 

therapeutics as they have high surface area which provides a dense presence of 

multifunctional moieties which can be exploited for targeting [119-121]. 

1.18.1. Preparation methods of GNP 

1.18.1.1. Turkevich method 

Turkevich described this method of GNP development in 1951 which involves 

reduction of chloroauric acid (HAuCl4) by aqueous solution of citrate. In this method, 

the HAuCl4 solution is heated and the citrate solution is added in it with vigorous 

stirring. The color changes from pale yellow to wine red which indicates the 

formation of GNP. Citrate ion plays a double role of stabilizing and reducing agents. 

Particle size can be controlled by varying the amount of reducing agent [122, 123]. 

1.18.1.2. Chemical method 

This method of GNP synthesis generally has two parts, one is the reduction part using 

reducing agents and the other is the stabilization using stabilizers. Sometimes agents 

behave both as reducing and stabilizing agent [124].  

1.18.1.3. The Brust-Schiffrin method 

Brust-Schiffrin method was described by Brust et. al. in 1994. This method provides 

the approach of synthesis of GNP which are thermally as well as air stable. In this 

method, HAuCl4 from an aqueous solution get transferred to a toluene phase by the 

use of tetraoctylammonium bromide (TOABr) (phase-transferring agent) and sodium 
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borohydride (NaBH4) used as a reducing agent with presence of dodecanethiol. The 

organic phase changes the color from orange to deep brown which indicates the 

formation of GNP [125]. 

1.18.1.4. Seeding growth method 

In this method, the seed gets produced by reduction of HAuCl4 by using a reducing 

agent. The produced seeds are then transferred to HAuCl4 solution and allowed for 

reduction in the presence of a weak reducing agent. In this method, geometry of GNP 

can be varied by altering the concentration of reducing agents, seeds and structure 

directing agents. This method is simple, economical and quick [126]. 

1.18.1.5. Biological/ green method 

In this method, nanoparticles are synthesized from biological/ natural agents such as 

microorganisms, plant extracts, enzymes, plant products etc. Furthermore, this method 

utilizes non-toxic solvents and environment-friendly procedures  [127].  

1.19. Green nanotechnology 

Green nanotechnology in terms of nanoparticle production provides advancement 

over chemical/ physical methods as it is cost effective and is easily scaled up. 

Moreover, it is environment-friendly as it avoids the use of high pressure, energy, 

temperature and toxic chemicals. The principle of green chemistry includes the 

designing of processes to maximize the amount of raw material converted into the 

product, use of environment-benign substances, energy efficient processes, the 

reaction in water etc. [128]. Chemical method of nanoparticle synthesis is a most 

common approach but it may use expensive and toxic reducing/ stabilizing agents as 

well as monomers, which limit its applications. Additionally, such prepared 

nanoparticles may display harmful effects in biomedical applications. Therefore, the 

need of the hour is to develop some green nanotechnology based as well as cost-

effective methods which do not involve the use of toxic chemicals and hazardous 

procedures [129]. 
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1.19. Literature review 

Madni et al., (2018) prepared and evaluated proniosomes and niosomal gel 

containing Pentazocine for management of cancer pain. They tested the permeation of 

niosomal gel in the rabbit model and concluded that it can be proved as a promising 

approach for the therapy [130].  

Behroozeh et al., (2018) prepared and evaluated pegylated nano-niosomes containing 

gingerol against breast cancer cell lines (T47D). Results reported that IC50 value of 

the pegylated nanoniosomal gingerol was less than the standard drug [131]. 

Amiri et al., (2018) prepared and characterized vinblastine containing pegylated 

niosomes against tumour cells. Results concluded that formulation enhanced drug 

bioavailability and therapeutic efficacy [132]. 

Chiang et al., (2018) prepared the combination of fucoidan-based magnetic 

nanoparticles and immunomodulators for enhancement of tumour-localized 

immunotherapy and demonstrated the potential of nanomedicine in boosting of 

therapeutic index of combination immunotherapy [133]. 

Farooq et al., (2018) prepared and evaluated gold nanoparticles containing bleomycin 

and doxorubicin for dual delivery against HeLa cells. Results obtained suggested the 

rationale for further progress of GNP assisted combination chemotherapy [134]. 

Li et al., (2018) prepared and compared the effect of wrapping solid gold 

nanoparticles and hollow gold nanoparticles with doxorubicin-loaded thermosensitive 

liposomes for cancer thermo-chemotherapy. Results obtained from the studies 

displayed marked improvement in the therapeutic efficacy of the nanoparticles [135]. 

Bhattacharya and Prajapati (2017) developed and evaluated niosome based topical 

gel loaded with cyclophosphamide, for skin cancer. The result of the studies were 

satisfactory and indicating that a good formulation approach was designed for 

melanoma treatment [136].  

Ilkhanizadeh et al., (2017) made the comparison between effects of free and 

niosomal formulations of Artemisia Annua L. over chronic myelogenous leukaemia 

(K562) cell line and concluded that the use of the niosomal formulation of artemisinin 

could effectively improve its therapeutic index, release rate and apoptosis influence 

[137]. 
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Chinembiri et al., (2017) prepared and evaluated niosomes and SLNs containing 

Withenia somnifera crude extracts intended for topical delivery against skin cancer. It 

was concluded that SLNs and niosomes encapsulated the crude extracts and released 

the marker compounds to certain layers in the skin [138]. 

Meyer and Are (2017) discussed the status of colorectal cancer. They reported that 

colorectal cancer is the fourth most common cancer worldwide and millions of new 

cases are reported each year. Further in India, it is the fifth  most common cancer after 

breast, cervix, oral, and lung cancer [139]. 

Abadeer and Murphy (2017) reported that gold nanoparticles are suitable for 

thermal destruction of cancer cells owing to their ease of surface functionalization and 

photothermal heating ability. They included in-vitro and in-vivo studies and 

progression of gold nanoparticle photothermal therapy toward clinical cancer 

treatment [140]. 

Bizzarri et al., (2016) reviewed the broad spectrum anticancer activity of myo-

inositol and inositol hexakisphosphate and concluded that inositol can down-regulate 

various enzymes linked with cancer development [141].  

Fu et al., (2016) analyzed inositol hexaphosphate (IP6) and inositol can inhibit 

colorectal cancer metastasis of the liver in BALB/c mice. Results displayed that the 

effect of the combined application was significantly greater than the effect of either 

compound alone [142]. 

Liu et al., (2015) analyzed the potential of IP6 in the suppression of growth and 

apoptosis induction in HT-29 colorectal cancer cells in culture and concluded that by 

targeting PI3K/Akt pathway, IP6 suppresses cell survival and proliferation and 

induces death in HT-29 cells [143]. 

Wawszczyk et al., (2015) assessed the antiproliferative effect of IP6 on human skin 

melanoma cells and demonstrated the antiproliferative and cytotoxic effect of IP6 in a 

wide range of concentrations. Thus, it could be a promising therapeutic agent in 

treating cancer [144]. 

Mevold et al., (2015) prepared and evaluated core-shell gold nanoparticles containing 

IP6 for label-free and rapid detection by SERS nanotechnology and found that it can 
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be promising in the application of rapid and label-free biological detection of bacteria 

or tumour cells [145]. 

Gajendran et al., (2014) demonstrated the efficacy of Datura innoxia for 

biosynthesis of silver nanoparticles (AgNPs). The results showed that biosynthesized 

AgNPs inhibited the proliferation of human breast cancer cell line MCF7 with an 

IC50 of 20 mg/ml at 24 h incubation [146]. 

Suman et al., (2014) described the synthesis of gold nanoparticles using an aqueous 

root extract of Morinda citrifolia. Result showed that the extract containing protein 

might be responsible for the formation of the nanoparticles and may play an important 

role in the stabilization of the formed nanoparticles. The synthesized gold 

nanoparticles could have a high potential for use as an anticancer, antidiabetic agent 

[147]. 

Khazir et al., (2014) stated that plants have the potential to be excellent lead 

structures and serve as a basis of promising therapeutic agents for cancer treatment. 

Many successful anti-cancer drugs currently in use or their analogues are plant-

derived and many more are under clinical trials. This review aimed at highlighting the 

invaluable role that plants play, in the discovery of anticancer agents [4]. 

Quester et al., (2013) summarized some of the most significant results using 

organisms to produce metallic nanoparticles as well as the microscopic analyses used 

to characterize the nanostructured material obtained, providing a valuable database for 

future research [148]. 

Marangoni et al., (2013) prepared and characterized jacalin-gold nanoparticles 

conjugates as specific markers for cancer cells and revealed that the AuNPs/jacalin-

FITC nanoconjugates exhibited higher affinity for leukemic K562 cells than for 

healthy mononuclear blood cells [149]. 

Siler et al., (2013) studied the behaviour of a single gold or silver particle placed in an 

interference field of two counter-propagating plane waves. The results of the 

parametric studies focused on the optical forces acting upon a single particle and the 

heat absorbed by a single particle placed at various positions across the interference 

fringe [150]. 
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Kumar and Randhawa (2013) reviewed lipid nanoparticles for delivery of lipophilic 

and labile drugs with controlled and targeted release kinetics which do not have the 

disadvantages of emulsions, suspensions, liposomes and polymer nanoparticles [151]. 

Sharma et al., (2009) studied the structure, dynamics, and interactions of jacalin from 

molecular dynamics simulations examined in conjunction with the results of X-ray 

studies. Crystallographic results and simulations together displayed the complete 

description of protein-carbohydrate interactions in a better manner than X-ray studies 

alone [152]. 
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1.20. Research envisaged 

Cancer remains a life-threatening ailment worldwide. It is the third most deadly 

disease in developing nations like India. Existing treatments/ drugs are very expensive 

and add on to the patient‟s distress. There is an acute need to utilize potent, economic 

and naturally available agents for cancer prevention and cancer therapy. The proposed 

research work was aimed at the development of a green (utilization of minimum 

amount of organic solvents, utilizing natural entities over synthetic drugs etc.,) and 

effective treatment system for various types of cancers that could recognize and target 

only cancerous cells and would not affect healthier cells of the body. 

To assist cancer prevention, many efforts are being made along with which, the use of 

natural constituents as chemopreventive as well as chemotherapeutic agents have 

shown a rise, because of their safety, availability and general acceptance. IP6 is one 

such natural bioactive constituent of cereals, legumes etc. Various researchers have 

already proven that intake of IP6 containing legumes is connected with the lowering 

of cancer incidences. Instead, this potent, bioactive, carbohydrate is not very popular 

in cancer therapy due to its shortcoming of fast chelation and elimination from the 

body, within an hour of administration.  

Thus, it was envisaged to develop and analyze a suitable drug delivery system(s) of 

IP6 which would overcome its limitations and enhance its potential for cancer 

prevention and therapy. 

1.20.1. Objectives of the work 

The purpose of the present studies was to develop and characterize targeted 

nanoparticulate drug delivery system(s) containing IP6 for chemoprevention and 

chemotherapeutics which could augment its residence time thereby avoiding its fast 

elimination and taking full advantage of its effect against cancer. 

The specific objectives were:  

(1)  Optimization, preparation and characterization of IP6 loaded niosomal gel for the 

topical application intended for skin cancer prevention. 

(2) Preparation and evaluation of pectin encrusted gold nanocomposites containing 

IP6 and jacalin, for oral delivery to target colon cancer.  
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1.20.2. Hypothesis  

It was hypothesized that present studies would successfully develop stable and safe 

nanoparticulate drug delivery system(s) of IP6 which would enhance its residence 

time and inhibit its fast elimination. Thus the potential of IP6 would be utilized to a 

maximum for effective cancer therapy. 
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1.21. Plan of work 

1.21.1. Literature survey & procurement of materials  

1.21.2. Identification of drug 

1.21.3. Preparation of standard curve of drug through UV-Spectrophotometery 

1.21.4. Preparation and evaluation of inositol hexaphosphate containing 

niosomal suspension for skin cancer prevention 

 Literature survey & procurement of materials  

 Optimization of niosomal vesicles 

 Preparation of niosomal vesicles 

 In-vitro characterization of niosomal vesicles 

 Size and size distribution 

 Encapsulation efficiency 

 Zeta potential measurement 

 In-vitro drug release  

 Morphological evaluation (microscopy, SEM and TEM) 

 Stability studies 

 Niosomal suspension preparation and characterization 

 Pharmaceutical characterization 

 Skin permeation 

 Irritation test (HET-CAM) 

 Cell cytotoxicity assay on SK-MEL-2 cell lines 

 In-vivo studies 

 SDS-PAGE and western blotting 

 Reverse transcription polymerase chain reaction (RT-PCR) 

 Histopathology 

1.21.5. Preparation and evaluation of pectin encrusted gold nanocomposite 

containing inositol hexaphosphate and jacalin, against colon cancer 

1. Literature survey & procurement of materials  

2. Preparation of gold nanoparticles 

3. In-vitro characterization of nanoformulation 

 UV- visible spectroscopy 

 Size and size distribution 
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 Encapsulation efficiency 

 In-vitro drug release  

 FTIR spectroscopy 

 Morphological evaluation  

 Cell viability assay 

 Colony forming assay 

 Cell cycle analysis 

 Apoptosis analysis 

 ROS generation  

 In-silico studies 

4. In-vivo studies 

 Hemodynamic changes 

 Weight variation, pH and total acidity estimation 

 Aberrant crypt foci 

 Biochemical estimation 

 Morphology by SEM and histopathology 

 Western blotting 

 RT-PCR 

 1
H NMR spectroscopic analysis of serum sample 

1.21.6. Computation and compilation of thesis 
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2. Drug profile and analytical methods 

2.1. The drug Inositol hexaphosphate (IP6) 

IP6 is a natural bioactive constituent of grains, legumes and cereal products [1, 2]. 

Chemically, IP6 is a simple carbohydrate with six phosphates attached to each carbon 

(inositol-1,2,3,4,5,6-hexaphosphate). It is a principal means of storage of phosphorus 

in several plant tissues [3, 4]. It possesses various health benefits including strong 

antioxidant properties, lowering of serum cholesterol and many more. It has also been 

revealed to have momentous potential as an antiangiogenic agent that only affects 

malignant cells and does not invade the normal cells/ tissues of the body. Moreover, 

various researches proved that intake of IP6 containing legumes is linked with the 

lessening of incidences of cancers [5, 6]. In studies, IP6 was found effectual in both 

pre as well as post-initiation phases of cancer and has also been known to induce 

differentiation and apoptosis. A number of in-vitro and in-vivo studies have shown 

anti-cancer properties of IP6 including skin, colon, prostate, lung, metastatic and 

mammary cancers [3, 7, 8]. IP6 forms tight chelates with many polyvalent and 

nutritionally important minerals of the body (calcium, copper, magnesium, iron etc.). 

It is therefore considered that IP6 diminishes the bioavailability of many of these 

dietary minerals and is infamous as an anti-nutrient [9]. IP6 gets very rapidly 

absorbed when administered intra-gastrically and gets distributed to various organs as 

fast as an hour following its administration [10].It thereby gets eliminated from the 

body without showing its potential as an antiangiogenic agent. 

2.1.1. Synonyms: Phytate, IP6, Fitic acid, Inositol hexaphosphate  

2.1.2. Chemical name: Phytic acid  

2.1.3. Molecular formula: C6H18O24P6 

2.1.4. Molecular weight: 660.04g/mole 

2.1.5. Colour: White 

2.1.6. Taste: Sour 

2.1.7. Solubility: Freely soluble in water, soluble in 50% acetone, almost insoluble in 

anhydrous ether, chloroform and n-hexane and insoluble in oil.  
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2.1.8. Storage conditions: Required to be stored in a dry place and an air-tight 

container.  

2.1.9. Chemical structure 

 

2.1.10. Stability: Highly hygroscopic in nature, thus has to be kept away from 

moisture. It is stable at room temperature, incompatible with strong oxidizing agents. 

2.1.11. Mechanisms of action: The mechanism of action for IP6 is not completely 

known. A recent study stated that IP6 functions as an antioxidant by chelating 

divalent cations such as copper and iron, preventing the formation of reactive oxygen 

species, responsible for cell injury and carcinogenesis. The chelation hypothesis, 

however, does not completely explain IP6’s antineoplastic activity. It is reasonable to 

conclude that, in addition to its antioxidant role, IP6 probably exerts its action via 

control of cell division. In a recent study, it has been shown that IP6 decreased S 

phase and arrested cells in the G0/G1 phase of the cell cycle. A significant decrease in 

the expression of proliferation markers indicated that IP6 disengaged cells from 

actively cycling. In addition, IP6 has been shown to enhance natural killer cell (NK-

cell) activity, thereby boosting NK-cell cytotoxicity [11, 12]. 

2.1.12. Analytical profile of the drug  

A UV-visible spectroscopy method as reported by Haug and Lantzsch, was utilized to 

determine the concentration of drug in pharmaceutical dosage forms and in biological 

samples [1].  

2.1.13. Identification of drug 

2.1.13.1. Melting point 

The melting point of IP6 was determined using a melting point apparatus. For the 
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determination of melting point, the drug sample was filled in three different 

capillaries and the melting point determined through conventional method [13]. The 

melting range was recorded which begins when the sample first starts to melt and 

ends when the sample completely melts. It was found to be in the range of 22-25°C.  

2.1.13.2. Fourier transforms infrared spectrum (FTIR) analysis 

To obtain the FTIR spectrum of pure IP6, the drug was scanned in the range of 4000-

600 cm-1 using a Nicolet 6700, Thermoscientific, spectrophotometer (shown in Figure 

2.1). The FTIR spectrum of IP6 gave the characteristic peak at 3430.3 cm-1 which 

relates to OH stretching.  Peaks near 1662.1 cm-1 were probably due to the carboxyl 

group and at 1061.5 cm-1 was allocated to the phosphate radical or hydrogen 

phosphate radical [14]. 

 

Figure 2.1 FTIR spectrum of IP6 

2.1.13.3. Establishment of calibration plot of IP6 using UV- visible 

spectrophotometer 

To accomplish the in-vitro drug dissolution studies, ex-vivo drug permeability and 

solubility analysis of the drug, standard plots of the pure drug were constructed by a 

previously established method [1, 15]. An indirect method was used for the detection 

of IP6. For this, the aqueous IP6 solution was heated with the ferric solution of known 

iron content. The decrease in iron content (determined through colorimetry with 2, 2’-

bipyridine) was measured as the content of IP6. The absorbance was measured after a 
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while to facilitate bipyridine and iron phytate reaction, due to which colour changed 

with time [1]. 

2.1.13.3.1. Scanning and determination of maximum wavelength (λmax) 

Standard solution of IP6 (100 µg/mL) was prepared and scanned in the range of 400-

600 nm by using a UV-visible spectrophotometer (LT-2910, Labtronics, India) and 

taking distilled water as the blank solution [1]. The λmax of the drug was found to be 

520 nm.  

2.1.13.3.2. Preparation of calibration plot  

i. IP6 solution- A drug stock solution (100µg/ml) was prepared with distilled water 

and named as the solution (i). Further, serial dilutions of concentration of 

3µg/mL, 9µg/mL, 15µg/mL, 12µg/mL, 21µg/mL, 27µg/mL and 30µg/mL were 

prepared from above stock solution.  

ii. Ferric solution- Ferric solution was prepared by dissolving 0.2g ammonium iron 

(III) sulphate.12 H2O in 2N HCl (100 ml) and the volume was made up to 1000 

ml using distilled water. This solution was named as the solution (ii).  

iii. 2, 2ʹ-Bipyridine solution- Solution (iii) was prepared by dissolving 10g of 2,2’-

bipyridine and 10 ml thioglycolic acid in distilled water and volume was made up 

to 1000 ml [1].  

2.1.13.3.3. Procedure-  

 Drug solution (0.5mL) was pipetted into different test tubes ranging from the 

concentration of 3 to 30µg/mL.  

 Solution (ii) (1mL) was added to it and covered properly with parafilm. Tubes 

were heated in a boiling water bath for 30 min, by taking care for the first 5 min 

that the tubes remain well covered. 

 Then, the tubes were cooled in ice water for 15 min and allowed to adjust to room 

temperature.  

 Once the tubes had reached the room temperature, the content of the tubes was 

mixed and centrifuged for 30 min at 3000g each. 

 1 ml of the supernatant was taken out and transferred to another test tube in 

which 1.5 ml of solution (iii) was added.   
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 After that, solutions were scanned from a range of 400 to 600 nm. Scanning 

revealed absorbance maxima at 520 nm (Figure 2.2). This wavelength was found 

to be similar to the reported value [1].  

 Thus absorbance was measured at 520 nm against distilled water. The experiment 

was repeated in triplicate. 

 

Figure 2.2 UV-visible spectra of IP6 

Table 2.1 Concentration, average absorbance and regression equation for IP6 

 

 

S. No. 
Concentration 

(µg/ml) 

Average 

absorbance 

(mean±SD), n=3 

Regression 

equation 

1. 3 0.970±0.02  

y = -0.030x + 1.041 

R² = 0.997 

2. 9 0.740±0.09 

3. 15 0.579±0.02 

4. 21 0.392±0.02 

5. 27 0.189±0.01 

6. 33 0.040±0.00 
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Figure 2.3 Standard curve of IP6 in methanol 

2.1.14. Discussion 
The results of melting point estimation as well as FTIR analysis were similar to earlier 

reports [14], thereby indicating the purity of the drug sample. The prepared standard 

curve was utilised for all subsequent estimations.  
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Experimental 

The entire work has been divided into two parts. Two formulations were developed and 

characterized maintaining a common thread of inositol hexaphosphate (IP6) loaded novel 

drug delivery system against cancer. The first part includes the optimization, preparation 

and characterization of IP6 loaded niosomal gel for the topical application intended for 

skin cancer prevention. The second part discusses the preparation and evaluation of 

pectin encrusted gold nanocomposites containing IP6 and jacalin, for oral delivery to 

target colon cancer.  

3. Optimization, preparation and characterization of IP6 loaded niosomal gel for the 

topical application intended for skin cancer prevention 

3.1. Background 

Cancer is a life-threatening disease globally [1]. About 3-8% rise in skin cancer has been 

recorded every year [2]. People rely on natural medicines as first-line treatment, because 

of their perception of availability, safety and general acceptance for cancer prevention/ 

treatment [3, 4].  

IP6 is a natural constituent of grains, legumes and cereal products [5, 6]. It has been 

found to have considerable potential as an agent that only affects malignant cells and 

does not affect normal cells/ tissues of the body. Numerous studies have proved the 

chemopreventive and anti-cancer properties of IP6 in the skin, colon, lung, prostate and 

mammary cancers [7-9]. IP6 is also available in the form of capsules and dietary powder. 

Metallic nanoparticle-based IP6 micelles have been reported to improve its stability [10]. 

IP6 considered as an anti-nutrient as it forms tight chelates with polyvalent and 

nutritionally important minerals (like calcium, magnesium, iron and copper) thereby 

leading its fast elimination.  

 IP6, when administered orally, gets distributed to various organs within an hour of 

administration. Administration through the topical route also leads to its chelation and 

fast elimination [11, 12]. 

Recently niosomes have received much attention as a prospective drug delivery system. 

When compared with liposomes, niosomes provide higher chemical and physical stability 

with low cost and greater availability of surfactants. Furthermore, niosomes show 
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improved residence time of drugs in the epidermis thereby reducing the systemic 

absorption [13, 14]. 

Besides having a great potential as an antiangiogenic agent, IP6 is underutilized because 

of its rapid absorption and excretion. This demanded development of a delivery system 

that can control its biotransformation. Thus, the central endeavour of the present work 

was to develop and evaluate a niosomal delivery system containing IP6 for deterrence of 

preneoplastic skin damage. 

3.2. Materials 

Table 3.1 List of various chemicals utilized during formulation studies 

Materials Source 

Acetone  ThermoFischer Scientific (Qualigens) 

Ammonium iron (III) sulphate.12 

H2O 

Sigma Co. (St. Louis, MO, USA) 

Antibodies  Santa Cruz , USA 

Calcium chloride HiMedia Laboratories Pvt.Ltd. Mumbai, India 

Cholesterol HiMedia Laboratories Pvt.Ltd. Mumbai, India 

Dicetyl phosphate (DCP) S.D. Fine chemicals Ltd., Mumbai, India 

DMBA 

 

 

Sigma Co. (St. Louis, MO, USA) 

dNTPs  Bangalore Genei (India) 

Ethanol S.D. Fine chemicals Ltd., Mumbai, India 

Fetal bovine serum Sigma Co. (St. Louis, MO, USA) 

Hydroxy quinone Sigma Co. (St. Louis, MO, USA) 

IP6 Sigma Co. (St. Louis, MO, USA) 

Isopropyl alcohol ThermoFischer Scientific (Qualigens) 

Magnesium chloride HiMedia Laboratories Pvt.Ltd.Mumbai, India 

[Methyl-
3
H] S-adenosyl 

methionine 

AmershamBiosciences-GE Healthcare (USA) 

MTT (3-(4,5-Dimethylthiazol-2-

Yl)-2,5-Diphenyltetrazolium 

Bromide) 

Sigma Co. (St. Louis, MO, USA) 

PCR primers  Bangalore Genei (India) 
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Materials Source 

Potassium chloride HiMedia Laboratories Pvt.Ltd. Mumbai, India 

RNase  Sigma Co. (St. Louis, MO, USA) 

RT-PCR kit Bangalore Genei (India) 

Sodium chloride HiMedia Laboratories Pvt.Ltd. Mumbai, India 

Sodium hydroxide SDFCL Pvt. Ltd., Mumbai, India 

Sodium metabisulfite Sigma Co. (St. Louis, MO, USA) 

Span 80 HiMedia Laboratories Pvt.Ltd. Mumbai, India 

Taq DNA polymerase Bangalore Genei (India) 

Thioglycollic acid Merckmillipore 

2,2’-bipyridine Abcam 

 

3.3. Experimental design 

A 2
3
 (two-level, three-factor) full factorial experimental design (using Design Expert® 

software) was utilized for statistical optimization of the formulation variables, which was 

implemented in the preparation of IP6 niosomes. This statistical optimization was 

performed in order to get higher encapsulation efficiency and optimum vesicle size. A 

total of nine experiments were run. For the purpose, three independent variables and two 

dependent variables were taken. The compositions, used for the preparation of IP6 loaded 

niosomes prepared according to 2
3
 full factorial design is shown in Table 3.2. 

Table 3.2 Factorial design for optimization of IP6 loaded niosomes 

Factors (independent variables) Levels 

Low High 

X1- Cholesterol: surfactant ratio (molar ratio) 1:1 1:2.5 

X2- Sonication time (minute) 1 2 

X3- DCP (µM) 0 5 

Responses (dependent variables) Constraints 

Y1- Particle size (nm) Optimum 

Y2- Encapsulation efficiency (%) Maximize 
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3.4. Preparation and characterizations of IP6 loaded niosomes 

Unilamellar niosomal vesicles were prepared from surfactant, cholesterol and 

dicetylphosphate (DCP), according to the following technique. Accurately weighed 

amounts of cholesterol and Span 80 in different molar ratios, as shown in Table 3.2, was 

taken in a round-bottomed flask and were dissolved in 10 ml of chloroform. DCP was 

added as a negative charge inducing agent, in requisite batches. A rotary evaporator 

(IKA® Rotavapor, Bangalore, India) was used to evaporate chloroform at 45°C and 120 

rpm under reduced pressure to form a thin film. The formed thin film was then hydrated 

with 5 ml of aqueous drug solution, at 45°C and 120 rpm. The dispersion was sonicated 

for a minute at 80% energy using probe-type sonicator (Labsonic®-M, Sartorius 

Stedium) and set aside at 4ºC for 24 h, for maturation [15, 16]. 

3.5. Particle size and size distribution  

Particle size and polydispersity index (PDI) of IP6 loaded niosomes was determined with 

the help of dynamic light scattering (DLS) using Malvern Zetasizer Nano ZS (Malvern 

Instruments, UK) at 25ºC by assessment of autocorrelation function at 90°C. The 

experiment was performed in triplicate [15]. 

3.6. Encapsulation efficiency 

The percentage encapsulation efficiency of IP6 in niosomes was determined indirectly, 

by ultra-centrifuging 2 ml of niosomal suspension at 16,700 rpm for 60 min by using a 

cooling centrifuge (REMI CPR-24, Mumbai, India) at 4°C in order to separate free drug 

from niosomes. The supernatant (0.5 ml) was then taken to estimate non-encapsulated 

drug via UV-visible spectroscopy at 520 nm. The percent drug encapsulated was 

calculated through the subsequent equation [5, 17]. 

% Drug encapsulation efficiency =
Initial  amount  – Observed  amount

Initial  amount  of  drug
X 100         Equation-1 

3.7. Zeta potential measurement 

Zeta potential of the niosomal formulation containing IP6 was measured by using 

Malvern Zetasizer Nano ZS. It was determined by assessing the electrophoretic mobility 

of niosomes in a U type tube, at a temperature of 25⁰C [18].  
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3.8. In-vitro drug release studies 

In-vitro drug release of IP6 from niosomes was determined via pre-treated dialysis bag 

(Himedia dialysis membrane, 12,000-14,000 molecular weight cut-off). One end of the 

bag was sealed with closure clip, 2 ml volume of niosomal suspension was filled into it 

and sealed with another clip. Thus prepared dialysis bag was placed in 50 ml of PBS (pH 

6.8), which acted as a receptor medium, at the temperature of 37±2°C and continuously 

stirred at 100 rpm. At the definite time intervals, 0.5 ml of dialysate was withdrawn and 

measured spectrophotometrically, sink conditions were maintained throughout [15, 16]. 

3.9. Morphological evaluation of niosomes 

Shape and morphology of prepared niosomes were examined by optical microscopy, 

scanning electron microscopy (SEM) and transmission electron microscopy (TEM). For 

microscopy, the sample was stratified over the glass slide, mounted with the coverslip 

and observed under an optical microscope at 100X using immersion oil. The sample for 

SEM was layered over micro coverslip, air dried and sputter coated with Au/Pd. Thus, 

prepared samples were observed under a Jeol (JSM- 6490LV), Japan, electron 

microscope at 10kV accelerating voltage and 100X magnifications. The hydrated 

niosomes was examined using TEM. A drop of previously diluted suspension was 

laminated over a 400-mesh copper grid, which was left to adhere on carbon substrate for 

about 1 min. Excess of the suspension was removed by filter paper. The sample was then 

air-dried and evaluated under instrument (H- 7500, Hitachi Made, Japan) at 100 kV 

accelerating voltage and 20000 magnifications [16, 19]. 

3.10. Stability studies of IP6 containing niosomes 

The optimized batch was tested for stability as per International Conference on 

Harmonisation (ICH) guidelines. The rationale of stability testing is to corroborate the 

properties of formulation changes with respect to time and varying conditions of 

temperature and humidity [20]. Stability studies were carried out by assessing the 

capability of niosomes to retain the desired properties. The formulation was kept for 

analysis at room temperature condition viz. 30°C±2°C/ 60%±5% RH. Samples were 

analyzed at 15
th

, 30
th

, 60
th

, 90
th

, 120
th

 and 180
th

 day and were tested for particle size, PDI, 

zeta potential and percent encapsulation efficiency [21]. 
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3.11. Preparation and characterization of IP6 loaded niosomal suspension 

3.11.1. Preparation of different phases 

Oil phase (Phase A) was prepared by using light liquid paraffin (5% w/w), which was 

used as blending base and isopropyl myristate (2.5% w/w), as an emollient/ lubricant. 

These two were taken together in a beaker and heated up to 80°C over a hot plate with 

gentle mixing, until a clear solution was obtained. To this clear solution, ethylene glycol 

monostearate (1% w/w) was used as a pearlising agent and myristyl myristate (1% w/w) 

as an emollient/ skin conditioner was added one by one with stirring, to obtain a clear 

solution. Phase B (aqueous phase) was prepared by taking water (q.s.) and disodium 

EDTA (0.05% w/w) as a co-preservative and heated up to 80°C with continuous stirring. 

Carbopol 934 (1% w/w) was added to above solution with high-speed stirring (1000-1500 

rpm) till a uniform dispersion was obtained. Phase C was prepared by taking propylene 

glycol (2% w/w) used as humectants/ plasticizer, methylparaben (0.2% w/w) (water-

soluble preservative) and propylparaben (0.3% w/w) (oil soluble preservative) and 

mixing all together gently with slow heating. Glycerin (3% w/w) was also added to act as 

humectant, plasticiser and was mixed well. 

3.11.2. Emulsification 

When both oily and aqueous phases (phase A and B) were heated separately till 80
o
C, the 

oil phase was added slowly to the aqueous phase with high stirring (1500 to 2000 rpm) 

and stirring was continued for 5 min of complete addition. After a while stirring speed 

was stepped down to 500-1000 rpm and continued for 10 min. Thus formed emulsion 

was allowed to cool to room temperature and phase C was added with slow stirring. The 

emulsion was neutralized with triethanolamine to adjust the pH to the range of 6.5 to 7. 

To the above suspension, IP6 and niosomal formulation loaded with IP6 was dispersed, 

as required and kept for further evaluation [15]. 

3.11.3. Determination of pH 

The pH of the niosomal suspension was determined via the previously described method, 

by using digital pH meter, NIG-333 (Naina Solar Limited, New Delhi, India). 

Measurements were carried out in triplicate [22].  
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3.11.4. Determination of viscosity 

A Brookfield digital viscometer (Labtronics, model LT-730, India) with spindle no.3 at 

60 rpm was used to determine the viscosity in cps of the suspension formulation, in 

triplicate. The experiment was performed at room temperature [15, 22]. 

3.11.5. Texture analysis 

Texture analysis of niosomal suspension was done using CT3 Texture Analyzer, 

Brookfield Engineering Laboratories, USA. Firmness, spreadability and extrudability 

altogether deals with texture profile of formulations. For estimation of firmness, TA-10 

probes, fixture TA-BT-KI, with a hold time of 2 sec and trigger load 5 gm were used.  

Male and female cone probe with trigger load 2 gm and TA DEC (dual extrusion cell) 

were utilized for estimation of spreadability and extrudability. All other instrumental 

settings of equipment were done according to suggested stipulations [22, 23]. 

3.11.6. Ex-vivo skin permeation studies 

Ex-vivo skin permeation of IP6 from niosomal suspension was estimated using full 

thickness abdominal skin which was extracted from Swiss albino mice of 12-15 g of body 

weight. The surface area of release membrane was taken as 2 cm
2
. Assembly was 

prepared such that, receptor compartment had a volume of 25 ml phosphate buffer saline 

(PBS) of pH 6.8 with continuous stirring and was thermostated at a temperature of 

37±1°C throughout the experiment. Specified amount (equivalent to 5mg of IP6) of the 

niosomal suspension was applied evenly on the epidermal side of the skin and covered 

with aluminium foil in order to prevent its drying out. At predetermined time intervals, 

aliquots of 0.5 ml were withdrawn and replaced by the equal volume of PBS maintaining 

sink condition throughout the experiment. After 24 h of the experiment, the skin front 

was rinsed twice with 0.5 ml of double distilled water. The withdrawn aliquots and 

washing solutions were examined for content of IP6 by UV- visible spectrophotometery. 

The steady-state flux (Jss) of IP6 was obtained from the slope by plotting the cumulative 

amount of drug permeated (µg) versus time (h) using linear regression analysis [24, 25].
 

The permeability coefficient (Kp) of the IP6 through the mice membrane was calculated 

using the subsequent formula, i.e. Kp = Jss.H/C. 

Where, H is membrane thickness and C is the initial concentration of IP6 applied.  
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3.11.7. Irritation test: Hen's Egg Test on the Chorioallantoic Membrane (HET-

CAM) 

A modified HET-CAM test was done to estimate the irritation tolerability of prepared 

niosomal formulation loaded with IP6. Briefly, fertilized eggs of white leghorn hens were 

procured from a poultry farm, kept for incubation at a temperature of 37±0.5°C and 

rotated slowly with care at every 12 h, ensuring that the air sac is upright. Eggs albumin 

(3ml) was taken out from the pointed end of the eggs, on the third day of the experiment 

using sterile technique. Three eggs were utilized for each formulation within the weight 

range of 50 to 60 g and candling was done to remove the flawed eggs. The openings of 

eggs were instantaneously sealed by using parafilm (American Can Company, Neenah, 

Wisconsin) with the help of a heated spatula. Then the eggs were kept in an equatorial 

arrangement, allowing the development of chorioallantoic membrane (CAM) at some 

distance from the eggshell. When the CAM developed completely, at the tenth day of the 

experiment, a casement (2 × 2 cm
2
) was made on eggs’ equator and 0.5 ml of test 

formulations instilled over CAM surface through the casement. This was left for about 20 

sec and then rinsed with 5 ml of warm saline. After that, the membrane was examined for 

the vascular wrecks and the time consumed for haemorrhagic damage and coagulation 

was documented for up to 300 sec. NaCl solution (0.9% w/v) was used as the control, 

which has already been reported to be practically non-irritant. The scores were calculated 

by subsequent formula and were analyzed in accordance with the scoring schemes as 

revealed in Table 3.3, [26].  

  Scores =  
 301−H 

300
 × 5 +   

 301−L 

300
 × 7 +   

 301−C 

300
 × 9       Equation-2 

where, H= Haemorrhage time (sec), L= Lysis time (sec), C= Coagulation time (sec) 

 

Table 3.3 Scoring chart for HET-CAM test 

Scores range Inference 

0-0.9 Non-irritant or practically none 

1-4.9 Weak or slight irritation 

5-8.9 or 5-9.9 Moderate irritation 

9-21 or 10-21 Strong or severe irritation 
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3.11.8. In-vitro cytotoxicity against human cancer cell lines 

Anti-cell-apoptotic activity of IP6 loaded niosomal suspension and pure IP6 were 

determined by sulforhodamine-B (SRB) assay using SK-MEL-2, a human melanoma cell 

line. The test samples were diluted using Dulbecco’s modified eagle medium (DMEM) 

and supplemented with 2% inactivated fetal bovine serum to obtain the required 

concentration of the stock solution and then filtered and centrifuged. Serial dilutions from 

the range 0.5 to 2 mM were prepared from the above stock solution. The cell suspension 

which was used had a density of approximately 10,000 cells/ 0.1 ml, instilled in a 96-well 

plate and kept for 24 h for incubation. After incubation, different concentrations of test 

samples (100 μl) were added to the wells and allowed for incubation for 72 h at 37°C. 

Cells were then fixed at the bottom of the wells with cold trichloroacetic acid (TCA) at 

4°C for 1 h, and then rinsed with distilled water and air dried. Thereafter, 50 μl of each 

SRB solution was added to wells and allowed for staining, for 30 min. The plate was 

washed with 1 % v/v acetic acid to remove unused dye and air dried. Further, the plate 

was shaken gently for 5 min after addition of 100 μl of Tris buffer (pH 10.5;10 mM). The 

optical density (OD) was measured by using a microplate reader. Percent growth 

inhibition caused by pure IP6 and IP6 loaded formulation was calculated by using the 

following equation. Inhibitory concentration 50 (IC50) values were calculated by linear 

regression [27]. 

% Growth inhibition =  100 −  
OD  test  −OD  blank  

OD  control  −OD  blank  
 ∗ 100   Equation-3 

3.12. In-vivo studies 

Female Swiss albino mice were procured from the in-house animal breeding colony of 

CSIR-IITR, Lucknow. Animals were fed with synthetic pellet diet and water ad libitum. 

The experimental studies were approved by the Institutional Animal Ethics committee of 

Indian Institute of Toxicology Research, Lucknow (IAEC approval IITR/IAEC/04/2015). 

All the animals were kept in polypropylene cages, in a well-ventilated animal house 

maintaining photoperiodic conditions at the temperature of 22°C±2°C. Animals were 

handled as per norms of IAEC and care was taken to follow all the guidelines with a 

humane approach.   
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3.12.1. Treatment schedule for animals 

All animals were divided into 6 groups, containing 12 animals each, Table 3.4. Two days 

prior to the experiment, the dorsal side of mice skin was shaved at an area of 2 cm
2
 with 

the help of an electric clipper in interscapular region. DMBA (0.005µg/kg) dissolved in 

100µL of acetone was applied topically on the shaved back of animals. All other 

treatments were also given similarly subsequent to DMBA application. After that, 

animals were sacrificed at 4
th

, 8
th

, 16
th

 and 24
th

 h of treatments. Animals were euthanized 

by cervical dislocation and skins were extracted, snap frozen in liquid nitrogen and stored 

at -80°C, till further use [27].
 

Table 3.4 Treatment details for animals 

Groups Treatment 

Group I (Negative control) Placebo (plain suspension) formulation 

Group II (Toxic control) DMBA+ placebo formulation 

Group III (Standard) DMBA+IP6(5mg)  in acetone 

Group IV (Test 1) DMBA+F1:Dose1 (5mg IP6, niosomal formulation) 

Group V (Test 2) DMBA+F1:Dose2 (3mg IP6, niosomal formulation) 

Group VI (Test 3) DMBA+F2 (5mg IP6 dispersed in suspension) 

3.12.2. SDS- PAGE and western blotting 

Epidermal tissues were extracted using a freeze-thaw method and were quantified with 

the help of Bradford protein assay technique. A 10% of epidermal tissue lysate was 

prepared for protein analysis by using 20 mM Tris buffer (pH 7.5) which contained 

sucrose (250 mM), MgCl2 (2 mM), Tris-HCl (20mM), EGTA (0.5 mM), EDTA (2 mM),  

DTT (100 mM), PMSF (100 mM), Na3VO4 (30 mM) and protease inhibitor cocktail. The 

tissue lysate equivalent to 50 μg protein was resolved using SDS-PAGE of 10% gel. 

Segregated proteins were assigned to the methanol soaked PVDF membrane and probed 

with ODC, PCNA, cyclin D1 and COX-2 primary antibodies followed by the horseradish 

peroxidase-conjugated apt secondary antibodies. Antibody binding signals were 

examined by Chemiluminescence HRP detection system using a Versa Doc and band 
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strength was estimated by Syngene gene tool. PVDF membranes were stripped by 

making use of stripping buffer of pH 6.8 and then reprobed with β-actin antibody [28]. 

3.12.3. Reverse transcription polymerase chain reaction (RT-PCR) 

Skin tissue samples from each group were assessed for their mRNA content by using RT-

PCR. Total RNA was extorted through Trizol reagent in accordance with the 

manufacturer’s stipulations and DNA contaminations were segregated using DNaseI 

treatment. c-DNA was produced from total RNA by taking 2ng RNA equivalent volume 

by utilizing the c-DNA preparation kit.  Synthesized c-DNA was used for quantification 

of particular mRNA by mouse-specific primers, mentioned in Table 3.5. A 20 µl of 

reaction mixture restrained 100 ng of c-DNA, 1.5 mM of MgCl2, 10 pM each primer, 1.5 

mM of dNTPs and 1 unit Ampli Taq DNA polymerase enzyme. Thus produced product 

was then augmented by thermal cycles (denaturation at 95 °C for 5 min, 95 °C for 60 sec, 

annealing temperature for 60 sec and at 72 °C for 60 sec) × 35 subsequently final 

extensions of 72°C for 4 min. Thus obtained PCR products were resolved and visualized 

by using 1.5% of the agarose gel containing ethidium bromide. Quantifications were 

performed with the use of gene tool Syngene software [28]. 

Table 3.5 Nucleotide sequences and product size used for RNA analysis by RT-PCR 

Gene  Sequence  Product 

size (bp) 

Tm 

(◦C) 

ODC F 5'-TGGAGTGAGAATCATAGCTG-3' 

R 5'-TTGGCCTCTGGAACCCATTG-3' 

410 58 

PCNA F 5'- GAAGCACCAAATCAAGAGAA -3' 

R 5'- TCACCCCATTCTTTGCACAG -3' 

193 55 

COX-2 F 5'-GTGGAAAAACCTCGTCCAGA-3' 

R 5'-TGATGGTGGCTGTTTTGGTA-3' 

256 60 

Cyclin D1 F 5′-TGTTCGTGGCCTCTAAGATGAAG-3′ 

R 5′-AGGTTCCACTTGAGCTTGTTCAC-3′ 

136 60 

β-Actin F 5′-TGTGATTGGTGGGAATGGGTCAG-3′   

R 5′-TTTGATGTCACGCACGATTTCC-3′ 

514 60 

3.12.4. Histopathology 

Skin tissues, extracted from mice were stored in 10% buffered formalin for 

histopathological analysis. The skin tissues were usually processed, fixed with paraffin 
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wax and were sectioned (3-5 µm) with the use of rotary Microtome. Obtained sections 

were unflustered over a glass slide where it was deparaffinized and stained with 

hematoxylin and eosin dye. These sections were then observed under the microscope at 

40X. 

3.12.5. Statistical analysis 

All the data of studies were subjected to statistical analysis using one-way ANOVA 

following Student-Newman-Keuls tests for the post hoc analysis. Values are mentioned 

as mean±SE, n=3. Significance was determined in the terms of ‘p’ values, where ‘p’ 

value of <0.05 was taken as statistically significant. 

3.13. Results 

3.13.1. Particle size and size distribution 

As mentioned in Table 3.6 and shown by Design Expert® software, the range of particle 

size observed was from 268.9±3.8 nm to 965.5±5.2 nm and the PDI value ranged from 

0.212±0.18 to 0.431±0.15. The contour plot, Figure 3.1(a) revealed that independent 

variables showed different effects on particle size. 

 

Figure 3.1 (a) Response 3D plot, effect of cholesterol: surfactant molar ratio, sonication 

time and DCP conc. on particle size, (b) response 3D plot, effect of cholesterol: 

surfactant molar ratio, sonication time and DCP conc. on encapsulation efficiency and (c) 

percent of IP6 released as a function of time (h) from IP6 loaded niosomes of optimized 

batch NIO6. 
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Table 3.6 Encapsulation efficiency, particle size, polydispersity index and zeta potential 

values of IP6 loaded niosomes (n=3) 

Run Encapsulation 

efficiency (%±SD) 

Particle size 

(nm±SD) 

PDI 

(values±SD) 

Zeta potential 

(values±SD) 

NIO1 28.5±5.3 589.2±48.3 0.219±0.04 -6±0.21 

NIO2 79.2±6.2 942.8±71.2 0.412±0.17 -7±0.13 

NIO3 11.3±2.9 268.9±35.8 0.268±0.07 -6±0.11 

NIO4 46.9±3.9 532.6±43.3 0.321±0.09 -8±0.14 

NIO5 32.7±3.4 576.2±57.6 0.318±0.12 -31±0.23 

NIO6 82.9±2.6 965.5±65.2 0.386±0.08 -36±0.36 

NIO7 21.4±8.9 302.0±47.3 0.431±0.05 -30±0.23 

NIO8 48.3±5.1 563.3±54.2 0.298±0.03 -29±0.31 

NIO9 29.8±2.9 428.2±53.5 0.212±0.08 -18±0.39 

3.13.2. Encapsulation efficiency 

As displayed in Table 3.6 and estimated by Design Expert® software, IP6 was efficiently 

incorporated into niosomal vesicles with encapsulation efficiency ranging from 11.3±2.9 

to 82.9±2.6%. ANOVA test suggested that the DCP concentration found insignificant in 

affecting encapsulation efficiency. On the contrary, cholesterol: surfactant ratio and 

sonication time showed a vital effect, Figure 3.1(b).  

3.13.3. Zeta potential measurement 

Zeta potential of niosomes are shown in Table 3.6. Batches which did not contain DCP 

revealed lower values and those which contained it, displayed higher values of charge.  

3.13.4. In-vitro drug release studies and release kinetics 

The in-vitro drug release of NIO6, optimized formulation, at end of 24 h was found to be 

97.61±1.39, Figure 3.1(c). The release kinetics of NIO6 was best explained by Higuchi’s 

equation, as the plot showed the maximum linearity (R
2
= 0.9627) and followed zero 

order (R
2
 = 0.8107) kinetics, Table 3.7. 

Table 3.7 In-vitro drug release studies  

Batch Zero order First order Higuchi Korsmeyer 

Peppas 

NIO6 K R2 K R2 K R2 N R2 

3.8564 0.8107 0.0425 0.3764 20.901 0.9627 0.546 0.438 
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3.13.5. Morphology of niosomes 

To observe the morphology of niosomes, various microscopic studies of the optimized 

formulation were performed. They were found to be homogeneous and spherical in shape 

as shown, Figure 3.2.  

 

Figure 3.2 Morphological evaluation of optimized niosome batch (NIO6): (a) optical 

microscopy image (b) SEM image and (c) TEM image 

3.13.6. Stability studies of IP6 loaded niosomes 

Optimized formulation of IP6 loaded niosomes was kept for stability testing at aforesaid 

conditions. Results of stability studies showed that prepared niosomal formulation was 

stable up to 180 days at room temperature (Table 3.8). All the parameters were found to 

be stable during the analysis. None of the samples showed significant degradation on 

storage at the condition of 30°C±2°C/ 60%±5%. Thus, shelf-life of prepared formulation 

is estimated to be high. 

Table 3.8 Effect of storage on particle size, PDI, zeta potential and encapsulation 

efficiency (n=3) 

Days 

interval 

Particle size 

(nm±SD) 

PDI 

(values±SD) 

Zeta potential 

(values±SD) 

Encapsulation 

efficiency (%±SD) 

Initial  965.5±65.2 0.386±0.08 -36±0.28 82.9±2.6 

15
th

 day 966.3±71.2 0.312±0.02 -36±0.31 81.2±3.8 

30
th

 day 972.3±63.2 0.319±0.03 -35±0.42 81.3±3.6 

60
th

 day 979.0±76.3 0.421±0.08 -35±0.52 80.0±4.8 

90
th

 day 983.5±87.4 0.376±0.07 -34±0.35 78.3±2.8 

120
th

  day 988.0±75.7 0.436±0.07 -32±0.38 78.1±4.3 

180
th

 day 990.3±82.3 0.348±0.08 -32±0.56 76.0±3.6 
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3.13.7. Suspension characterization 

On visual inspection, the developed niosomal suspension revealed good homogeneity. pH 

of the suspension was found to be 6.9±0.002 and its viscosity was seen to be 9650±50.0 

cp with spindle number 3. An innovative instrumental technique was utilized to imitate 

human sensorial perception by using various texture constraints including spreadability, 

firmness and extrudability. Firmness was found to be 19 g. The spreadability value was 

found to be 1.5 mJ. The work done to extrude the sample from a packaging tube 

uniformly is its extrudability and it was found to be 55.6 mJ. Ex-vivo skin permeation 

studies were done with Swiss albino mice skin in which niosomal and plain IP6 

suspensions were compared, Table 3.9. Observation detailed that none/ negligible 

quantity of IP6 was left unabsorbed on the skin surface after 24 h, in the case of both, 

plain IP6 suspension as well as niosomal suspension of IP6. 

Table 3.9 Cumulative amount permeated, flux and permeability coefficient of IP6 across 

excised mice skin, n=3. 

Formulation Cumulative amount 

permeated (μg/cm
2
) 

Flux 

(μg/cm
2
/h) 

Permeability 

coefficient (cm
2
/h)*10

3
 

IP6 Plain 

Suspension 

3791.5±176.3 148.6±9.2 297.2±18.3 

IP6 Niosomal 

Suspension 

448.5±25.1 11.6±1.1 23.2±2.3 

3.13.8. Irritation test: HET-CAM 

A HET-CAM (Figure 3.3) study is a quick, insightful and economical test to examine the 

skin irritancy of the formulations. CAM of chick embryo involves complete tissue with 

veins, arteries and capillaries which responds to injury with the intact inflammatory 

process. The irritation score was observed to be in the range of 0 to 0.42±0.03. 

 

Figure 3.3 HET-CAM images (a) normal saline, (b) niosomal suspension of IP6 (Dose 

1), (c) niosomal suspension of IP6 (Dose 2), (d) IP6 in suspension 
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3.13.9. In-vitro cytotoxicity studies 

The cell proliferation or apoptosis studies displayed significant changes in the tested cell 

lines and lead to inhibition of cell proliferation and apoptosis after the application of the 

niosomal formulation. Cells of SK-MEL-2 cell lines were examined with 

photomicrographs and revealed that after the treatment with the formulation, cells were 

scattered with minimal attachment and pigmentation, as displayed in Figure 3.4. IP6 pure 

displayed IC50 value at the concentration of 1.39 mM , whereas niosomal suspension 

displayed a value of 0.96 mM, i.e., niosomal suspension loaded with IP6 was 

significantly (p<0.05) more effective than pure IP6. 

 

Figure 3.4 Cell line SK-MEL-2 (a) before niosomal suspension application (b) after 

niosomal suspension application 

 

Figure 3.5 In-vitro percent cell growth inhibition of SK-MEL-2 human cancer cell-lines 

by IP6 in niosomal suspension and pure IP6 against control (normal saline) through SRB 

assay (n=3) 
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3.13.10. In-vivo studies 

3.13.10.1. To evaluate the effects of IP6 formulations on DMBA altered ODC, PCNA, 

COX-2 and cyclin D1 expression 

To explicate the effect of formulations on DMBA induced changes in the expression of 

ODC, PCNA, COX-2 and cyclin D1, mice skin was treated different IP6 formulations. 

Expressions of aforesaid genes were quantified by western blot and RT-PCR for protein 

and m-RNA levels respectively. All the comparisons were made with respect to negative 

control and it was taken as the baseline, with no up or down-regulation. 

Table 3.10 Effects of IP6 and formulations on DMBA altered ODC expression 

ODC 

4th hour 8th hour 16th hour 24th hour 

Western 

blot 

 (%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Group I  0 0 0 0 0 0 0 0 

Group II  45 45 61 57 196 194 110 108 

Group III  1 0 4 3 31 29 55 52 

Group IV  34 31 7 4 3 0 0 0 

Group V 32 29 18 15 7 5 13 13 

Group VI 10 9 14 12 21 19 35 35 

Table 3.11 Effects of IP6 and formulations on DMBA altered PCNA expression 

PCNA 

4th hour 8th hour 16th hour 24th hour 

Western 

blot 

 (%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Group I  0 0 0 0 0 0 0 0 

Group II  50 49 71 71 202 201 122 119 

Group III  4 4 4 4 34 32 64 59 

Group IV  39 38 11 11 4 4 2 1 

Group V 38 37 22 22 10 9 19 14 

Group VI 13 11 18 16 23 22 35 29 

I 

COX-2 
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Table 3.12 Effects of IP6 and formulations on DMBA altered COX-2 expression 

COX-2 

4th hour 8th hour 16th hour 24th hour 

Western 

blot 

 (%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Group I  0 0 0 0 0 0 0 0 

Group II  62 58 82 81 224 218 235 231 

Group III  2 1 9 9 39 36 101 96 

Group IV  22 17 3 2 0 0 0 0 

Group V 37 31 20 20 15 14 11 10 

Group VI 3 0 14 13 32 28 34 32 

 

Table 3.13 Effects of IP6 and formulations on DMBA altered cyclin-D1 expression 

Cyclin-D1 

4th hour 8th hour 16th hour 24th hour 

Western 

blot 

 (%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Western 

blot  

(%) 

RT-

PCR 

(%) 

Group I  0 0 0 0 0 0 0 0 

Group II  54 54 81 80 226 225 229 224 

Group III  19 19 43 42 87 86 101 96 

Group IV  29 26 50 50 1 0 0 0 

Group V 42 40 55 54 8 7 12 10 

Group VI 21 19 34 33 36 36 92 88 
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Figure 3.6 Effect of IP6 and formulations on DMBA induced deregulation of ODC and 

PCNA. Three individual samples from each group were analyzed and subjected to 

statistical analysis (n = 3). Image A and B show qualitative and quantitative analysis at 

the protein level and at mRNA level shown by C and D.  I-Placebo formulation, II-

DMBA+ Placebo formulation, III-DMBA+IP6 in acetone, IV- DMBA+F1(Dose1), V-

DMBA+F1(Dose2), VI- DMBA+F2. *p< 0.05, ** p < 0.01, *** p < 0.001 (With respect 

to control), †p< 0.05, †† p < 0.01, ††† p < 0.001 (With respect to DMBA) 4
th

 h, 

8
th

 h, 16
th

 h, 24
th

 h 
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Figure 3.7 Effect of IP6 and formulations on DMBA induced deregulation of COX2 and 

cyclin D1. Three individual samples from each group were analyzed and subjected to 

statistical analysis (n = 3). Image A and B show qualitative and quantitative analysis at 

the protein level and at mRNA level shown by C and D.  I-Placebo formulation, II-

DMBA+ Placebo formulation, III-DMBA+IP6 in acetone, IV- DMBA+F1(Dose1), V-

DMBA+F1(Dose2), VI- DMBA+F2. *p< 0.05, ** p < 0.01, *** p < 0.001 (With respect 

to control), †p< 0.05, †† p < 0.01, ††† p < 0.001 (With respect to DMBA) 4
th

 h, 

8
th

 h, 16
th

 h, 24
th

 h 
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3.13.10.2. Histopathology 

Skin tissue samples of the control group animals showed no alterations in the epidermal 

thickness when analyzed for histopathology, Figure 3.8(I). Conversely, significant 

hyperplasia was seen in DMBA treated skin with the increase in time points. DMBA 

effect was seen to commence from 4
th

 h and reached the maximum at 16
th

 and 24
th 

h, as 

depicted through the double-headed arrow, Figure 3.8(II). Concomitant application of IP6 

formulations displayed varying consequences with varying doses and formulations, 

Figure 3.8. IP6 in acetone, as shown in Figure 3.8(III), was seen to circumvent the effect 

of DMBA initially but with increasing time, its effect diminished. Conversely, IP6 

suspension displayed a better reduction in skin thickness when compared with the 

standard. Niosomal suspension containing IP6 revealed a maximum reduction in skin 

thickness, Figure 3.8(IV) and 3.8(V).  
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Figure 3.8 Histopathological examination (100×) of mice skin at a- 4
th

 h, b- 8
th

 h, c-16
th

 

h, d-24
th

 h after exposure of DMBA and IP6, in various forms. Most affected epidermis 

thickness is shown by the double head arrow, SH- squamous hyperplasia. D- dermis, EP- 

epidermis, C- capillary, HF- hair follicle, SG- sebaceous gland, SGL- sebaceous gland 

loss, E- erosion. I-Placebo formulation, II-DMBA+ Placebo formulation, III-DMBA+IP6 

in acetone, IV- DMBA+F1:(Dose1), V-DMBA+F1:(Dose2) and VI- DMBA+F2. Double 

headed arrow showing skin thickness. 
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3.14. Discussion 

The central venture of current work was to facilitate topical delivery of IP6 with 

avoidance of systemic absorption. As earlier reports suggested that the vesicles with 

diameter ≤ 600 nm deliver their contents into deeper layers of skin and consequently raise 

the possibility of systemic absorption [29, 30]. Therefore, the IP6 loaded niosomal 

formulations which showed the particle size of less than 600 nm were not considered 

further for the studies. It was observed that when cholesterol concentration increased with 

respect to surfactant, the particle size decreased and it may be due to the fact that higher 

quantity of cholesterol results in dense and well-organized vesicles with a reduction of 

diameter and consequent rise in matrix cohesion [19]. Conversely, it has also been 

reported that particle size may increase with increasing amount of surfactant 

concentration, above a threshold value, as observed in the current studies [16, 31]. 

Furthermore, the DCP addition showed a trivial rise in particle size which might be due 

to its negative charge induction which increases the hydrophilicity of the vesicle bilayer 

thereby increasing water intake of the bilayers which could result in increased particle 

size [22]. Conclusively, as described by 3D plots, Figure 3.1(a), cholesterol: surfactant 

ratio and sonication time are seen to effect particle size directly.  

It was seen that encapsulation efficiency moved parallel with particle size. Greater 

encapsulation was observed in larger vesicles and vice-versa. This result illustrated that 

reduction in cholesterol concentration, with respect to surfactant and inclusion of the 

DCP lead to significant rise of EE%, as shown by 3D plot, Figure 3.1(b). This might be 

attributed to the fact that in certain cases, the increasing cholesterol may interrupt the 

normal linear structure of the vesicular membrane and thus lead to the reduction of drug 

encapsulation [30]. Zeta potential relates the magnitude of the electrical charge present at 

the surface of particles and indicates the extent/ degree of repulsion present between the 

adjacent particles. Either negative or positive, high zeta potential bestows the stability by 

resisting their aggregation [18]. The negative value displayed by IP6 loaded niosomes 

may be due to the presence of negative charge inducing agent i.e. DCP. Observations 

were in-line with the characteristic property of DCP. 

Physicochemical analysis revealed that niosomal suspension loaded with IP6 had a pH 

similar to skin pH range and spreadability value indicated that the suspension could be 
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applied by application of a small amount of shear. The cumulative percent of the amount 

of IP6 permeated from plain IP6 suspension was higher than that of niosomal suspension. 

The lower flux of IP6 containing niosomal suspension displayed prolonged drug release 

behaviour [26, 32]. 

HET-CAM studies revealed that the irritation score of all the formulations was found to 

be in the range of non-irritant category, Figure 3.3 and Table 3.3. Studies revealed that 

the formulation was well tolerated and gentle. IP6 in niosomal suspension displayed 

superior inhibition of cell proliferation/ apoptosis than the pure form of IP6, Figure 3.4 & 

3.5 which may be attributed to the fact that niosomes in suspension displayed better 

interaction with lipid layer of the cell and hence micronized drug particles could have 

penetrated easily to lead to maximum cell death. Inhibitory effect of the niosomal 

suspension was seen to be in concordance with previous reports which projected that IP6 

is a potential antineoplastic agent. Thus it was considered worth evaluating the in-vivo 

efficacy of prepared formulations against DMBA induced dysregulation of markers 

pertaining to cellular proliferation/ differentiation and inflammation. It was seen that the 

topical application of DMBA up-regulated the expression of ODC and PCNA at 4
th

 h and 

it reached its maximum till 16
th

 h.  

ODC imparts a vital role in differentiation, cell growth, transformation as well as 

apoptosis [32]. It has been well studied and reported as an important marker for cellular 

proliferation in non-melanoma skin cancer, both preclinically and clinically [33].
38

 

Topical application of DMBA caused significant upregulation of the ODC levels and was 

consequently reflected by the increased mRNA expression. In the same line, the 

upregulation of PCNA protein was observed at 16
th

 h of the DMBA application, Table 

3.11. PCNA is produced in the early G1 phase of cell cycle and contributes to the DNA 

replication, repair and cell cycle progression. It is a well-recognized marker of raised 

cellular proliferation in the clinical cases of squamous cell carcinoma and it was evident 

in the current experiment as well [34-36]. Overall, ODC and PCNA comprise a team of 

biological markers that are responsible for raised proliferation, differentiation and 

subsequent progression of carcinogenesis. Treatment with IP6 loaded niosomal 

suspension as well as plain IP6 suspension conveyed favourable outcome towards the 

normal regulation of the ODC and PCNA at all the time points studied, Figure 3.6 and 
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Table 3.10 and 3.11. The IP6 mediated decrease in cellular proliferation is linked with the 

reduction of DNA synthesis and a decrease in PCNA with the consequent increase in 

p
21

WAF-1/CIP1, which is coupled with cell senescence and loss of function [37-39]. 

p
21

WAF-1/CIP1 is a cyclin/CDK complex inhibitor that binds to the PCNA and causes 

G1 arrest. Based on the above findings, we scrutinized the expression of cyclin D1. 

Substantiating the results obtained for PCNA and ODC levels, IP6 loaded niosomal 

formulation was also seen to down-regulate the cyclin D1 expression and was followed 

by curtailment in the mRNA levels (Table 3.13). The biological effects of IP6 loaded 

niosomal formulation towards cancer progression were found to be in-line with the 

previous reports of pure IP6 [12]. 

To further boost our deliberations, we scrutinized the COX-2 expression which is a well 

recognized inflammatory marker for tumor progression [40]. DMBA application 

provoked a significant upregulation of COX-2 protein and mRNA expression as well. 

Topical application of the IP6 loaded niosomal formulation showed a significant 

lowering of the COX-2 protein, (Table 3.12). Overall, IP6 loaded niosomal formulation 

marginalized the deleterious effect of DMBA and revealed favourable normal regulation 

when compared with IP6 alone and IP6 plain suspension as well. 

Conclusively, the studies substantiate that results of the in-vivo studies demonstrated that 

the IP6 loaded niosomal formulation F1-Dose1 (5mg) was seen as most effective for 

prevention of above-mentioned gene upregulation. This result may be attributed to the 

synchronised release, Figure 3.1(c) of IP6 from the niosomal suspension with the 

upregulation of carcinogenic genes following DMBA application.  It was observed that 

gene upregulation of aforesaid genes almost increased with time, except COX-2 which 

was seen to rise till 16
th

 h and decreased at 24
th

 h. This behaviour matched with the in-

vitro release pattern of the drug from niosomal formulation and thus was able to control 

upregulation proficiently. F1-Dose2 (3mg) also displayed the similar pattern of results 

but showed the lesser effect which may be due to the result of the reduced quantity of 

IP6. F2 (plain IP6 suspension) was found inferior to F1 formulations, though improved 

performance was demonstrated when compared to IP6 in acetone, with increasing time 

points. This result transpired possibly due to the fact that drug dissolved in acetone 

penetrated deeply and drug exposure took place at once and formed chelates might 
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rapidly get absorbed and distributed to various organs as early as an hour after 

administration, without showing its maximum effect at the required site. It was 

hypothesized that drug particles entangled in suspension base would also contribute to the 

slower drug penetration. 

3.15. Conclusion 

The controlled release and stable niosomal suspension containing IP6 was developed and 

optimized successfully against dysregulation of cellular differentiation and epidermal 

hyperplasia in mice skin. The developed formulation was found to be non-irritant, 

aesthetic and had desirable properties for the topical application. In-vitro as well as in-

vivo findings of the present studies proved that IP6 loaded niosomal suspension could 

constitute a promising approach for preclusion of DMBA induced dysregulation of 

cellular markers pertaining to proliferation/ differentiation, inflammation and hyperplasia. 

Further studies may be performed to recognize the effect of IP6 loaded formulations on 

various carcinomas and successive scale-up from bench to bedside. 

3.16. References 

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA: a cancer journal for clinicians. 
2016;66(1):7-30. 

2. Xu C, Huang M-T, Shen G, Yuan X, Lin W, Khor TO, et al. Inhibition of 7, 12-dimethylbenz (a) 
anthracene-induced skin tumorigenesis in C57BL/6 mice by sulforaphane is mediated by 
nuclear factor E2–related factor 2. Cancer research. 2006;66(16):8293-6. 

3. Steward W, Brown K. Cancer chemoprevention: a rapidly evolving field. British journal of 
cancer. 2013;109(1):1. 

4. Singh R, Sharma J, Goyal P. Prophylactic role of Averrhoa carambola (star fruit) extract 
against chemically induced hepatocellular carcinoma in Swiss albino mice. Advances in 
pharmacological sciences. 2014;2014. 

5. Haug W, Lantzsch HJ. Sensitive method for the rapid determination of phytate in cereals 
and cereal products. Journal of the Science of Food and Agriculture. 1983;34(12):1423-6. 

6. March J, Villacampa A, Grases F. Enzymatic—spectrophotometric determination of phytic 
acid with phytase from Aspergillus ficuum. Analytica chimica acta. 1995;300(1-3):269-72. 

7. Saad N, Esa NM, Ithnin H, Shafie NH. Optimization of optimum condition for phytic acid 
extraction from rice bran. African Journal of Plant Science. 2011;5(3):168-75. 



IP6 loaded niosomal gel for the topical application intended for skin cancer prevention 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 68 
 

8. Wang K, Liu P, Ye Y, Li J, Zhao W, Huang X. Fabrication of a novel laccase biosensor based on 
silica nanoparticles modified with phytic acid for sensitive detection of dopamine. Sensors 
and Actuators B: Chemical. 2014;197:292-9. 

9. Pandey M, Gupta KP. Epigenetics, an early event in the modulation of gene expression by 
inositol hexaphosphate in ethylnitrosourea exposed mouse lungs. Nutrition and cancer. 
2011;63(1):89-99. 

10. Wang N, Yang H-F, Zhu X, Zhang R, Wang Y, Huang G-F, et al. Synthesis of anti-aggregation 
silver nanoparticles based on inositol hexakisphosphoric micelles for a stable surface 
enhanced Raman scattering substrate. Nanotechnology. 2009;20(31):315603. 

11. Shamsuddin AM. Inositol phosphates have novel anticancer function. The Journal of 
nutrition. 1995;125(suppl_3):725S-32S. 

12. Shamsuddin AM. Metabolism and Cellular Functions of IP6. A Review. Anticancer Research. 
1999;19(5):3733-6. 

13. Balakrishnan P, Shanmugam S, Lee WS, Lee WM, Kim JO, Oh DH, et al. Formulation and in 
vitro assessment of minoxidil niosomes for enhanced skin delivery. International journal of 
pharmaceutics. 2009;377(1-2):1-8. 

14. Paolino D, Cosco D, Muzzalupo R, Trapasso E, Picci N, Fresta M. Innovative bola-surfactant 
niosomes as topical delivery systems of 5-fluorouracil for the treatment of skin cancer. 
International journal of pharmaceutics. 2008;353(1-2):233-42. 

15. Muzzalupo R, Tavano L, La Mesa C. Alkyl glucopyranoside-based niosomes containing 
methotrexate for pharmaceutical applications: evaluation of physico-chemical and 
biological properties. International journal of pharmaceutics. 2013;458(1):224-9. 

16. Ruckmani K, Sankar V. Formulation and optimization of zidovudine niosomes. Aaps 
Pharmscitech. 2010;11(3):1119-27. 

17. Abdelbary AA, AbouGhaly MH. Design and optimization of topical methotrexate loaded 
niosomes for enhanced management of psoriasis: application of Box–Behnken design, in-
vitro evaluation and in-vivo skin deposition studies. International journal of pharmaceutics. 
2015;485(1-2):235-43. 

18. Kanoujia J, Singh M, Singh P, Parashar P, Tripathi CB, Arya M, et al. Genipin crosslinked soy-
whey based bioactive material for atorvastatin loaded nanoparticles: preparation, 
characterization and in vivo antihyperlipidemic studies. RSC Advances. 2016;6(96):93275-
87. 

19. Tavano L, Aiello R, Ioele G, Picci N, Muzzalupo R. Niosomes from glucuronic acid-based 
surfactant as new carriers for cancer therapy: preparation, characterization and biological 
properties. Colloids and Surfaces B: Biointerfaces. 2014;118:7-13. 

20. Branch SK. Guidelines from the international conference on harmonisation (ICH). Journal of 
pharmaceutical and biomedical analysis. 2005;38(5):798-805. 



IP6 loaded niosomal gel for the topical application intended for skin cancer prevention 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 69 
 

21. Arya M, Tiwari P, Tripathi CB, Parashar P, Singh M, Sinha P, et al. Colloidal vesicular system 
of Inositol hexaphosphate to counteract DMBA induced dysregulation of markers 
pertaining to cellular proliferation/differentiation and inflammation of epidermal layer in 
mouse model. Molecular pharmaceutics. 2017;14(3):928-39. 

22. Bendas ER, Abdullah H, El-Komy MH, Kassem MA. Hydroxychloroquine niosomes: a new 
trend in topical management of oral lichen planus. International journal of pharmaceutics. 
2013;458(2):287-95. 

23. Singh M, Kanoujia J, Singh P, Tripathi CB, Arya M, Parashar P, et al. Development of an α-
linolenic acid containing soft nanocarrier for oral delivery: in vitro and in vivo evaluation. 
RSC Advances. 2016;6(81):77590-602. 

24. Shinde UA, Kanojiya SS. Serratiopeptidase niosomal gel with potential in topical delivery. 
Journal of pharmaceutics. 2014;2014. 

25. Jigar V, Puja V, Krutika S. Formulation and evaluation of topical niosomal gel of 
erythromycin. Int J Pharm Pharm Sci. 2011;3(1):123-6. 

26. Gupta H, Aqil M, Khar RK, Ali A, Bhatnagar A, Mittal G. Sparfloxacin-loaded PLGA 
nanoparticles for sustained ocular drug delivery. Nanomedicine: nanotechnology, biology 
and medicine. 2010;6(2):324-33. 

27. Singh P, Arya M, Kanoujia J, Singh M, Gupta KP, Saraf SA. Design of topical nanostructured 
lipid carrier of silymarin and its effect on 7, 12-dimethylbenz [a] anthracene (DMBA) 
induced cellular differentiation in mouse skin. RSC Advances. 2016;6(88):84965-77. 

28. Tiwari P, Gupta KP. Modulation of miR-203 and its regulators as a function of time during 
the development of 7, 12 dimethylbenz [a] anthracene induced mouse skin tumors in 
presence or absence of the antitumor agents. Toxicology and applied pharmacology. 
2014;278(2):148-58. 

29. Khazir J, Mir BA, Pilcher L, Riley DL. Role of plants in anticancer drug discovery. 
Phytochemistry Letters. 2014;7:173-81. 

30. Abdelbary G, El-gendy N. Niosome-encapsulated gentamicin for ophthalmic controlled 
delivery. Aaps Pharmscitech. 2008;9(3):740-7. 

31. Singh AP, Saraf SK, Saraf SA. SLN approach for nose-to-brain delivery of alprazolam. Drug 
delivery and translational research. 2012;2(6):498-507. 

32. Ferreira LS, Ramaldes GA, Nunan EA, Ferreira LA. In vitro skin permeation and retention of 
paromomycin from liposomes for topical treatment of the cutaneous leishmaniasis. Drug 
development and industrial pharmacy. 2004;30(3):289-96. 

33. Elmets CA, Athar M. Targeting ornithine decarboxylase for the prevention of nonmelanoma 
skin cancer in humans. Cancer Prevention Research. 2010;3(1):8-11. 

34. Liang S-B, Furihata M, Takeuchi T, Iwata J, Chen B-K, Sinobe H, et al. Overexpression of 
cyclin D1 in nonmelanocytic skin cancer. Virchows Archiv. 2000;436(4):370-6. 



IP6 loaded niosomal gel for the topical application intended for skin cancer prevention 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 70 
 

35. Dornelas MT, Rodrigues MF, Machado DC, Gollner ÂM, Ferreira AP. Expression of cell 
proliferation and apoptosis biomarkers in skin spinocellular carcinoma and actinic keratose. 
Anais brasileiros de dermatologia. 2009;84(5):469-75. 

36. Hoshino Y, Teranishi Y, Terashima S, Ito F, Konno A, Inoue H, et al. A ornithine 
decarboxylase activity and proliferating cell nuclear antigen in gastric cancer. Nihon Geka 
Gakkai zasshi. 1994;95(10):743-52. 

37. Saied I, Shamsuddin A. Up-Regulation of the Tumor Suppressor Gene p53 and WAF1 Gene 
Expression by IP~ 6 in HT-29 Human Colon Carcinoma Cell Line. Anticancer Research. 
1998;18(3):1479-84. 

38. Yang G, Shamsuddin A. IP6-induced growth inhibition and differentiation of HT-29 human 
colon cancer cells: involvement of intracellular inositol phosphates. Anticancer research. 
1995;15(6B):2479-87. 

39. Sakamoto K, Venkatraman G, Shamsuddin AM. Growth inhibition and differentiation of HT-
29 cells in vitro by inositol hexaphosphate (phytic acid). Carcinogenesis. 1993;14(9):1815-9. 

40. Edelman MJ, Hodgson L, Wang X, Kratzke RA, Vokes EE. Cyclooxygenase-2 (COX-2) as a 
predictive marker for the use of COX-2 inhibitors in advanced non–small-cell lung cancer. 
Journal of Clinical Oncology. 2012;30(16):2019. 

 

 



 
 
 
 

Chapter 4 

Preparation and evaluation of pectin encrusted 
gold nanocomposites containing inositol 

hexaphosphate and jacalin, for oral delivery to 
target colon cancer 

 

 



Pectin encrusted gold nanocomposites containing IP6 and jacalin to target colon cancer 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 71 
 

Preparation and evaluation of pectin encrusted gold nanocomposites containing 

inositol hexaphosphate (IP6) and jacalin, for oral delivery to target colon cancer 

4.1. Background 

Colon cancer is expanding its threat due to a high mortality rate. Globally, it is found 

to be the third most common cancer, in both genders. At present, it constitutes about 

10% of the whole cancer burden. Furthermore, colorectal cancer is about to amplify 

by 60% and >2.2 million new cases have been forecasted by 2030 [1].  

To facilitate cancer prevention, numerous efforts are being made, amongst which the 

use of naturally occurring constituents as antiangiogenic agents have shown a rise. 

This is due to their safety, availability and general acceptance [2].  

IP6, as mentioned earlier is one such naturally occurring agent, linked with the 

lessening of incidences of colon cancers [3, 4], but is underutilized due to its fast 

chelation and elimination from the body, within an hour of oral administration [5]. To 

abolish its flaw and maximize the chemotherapeutic activity, a surface-modified 

nanoformulation of IP6 may be developed. Gold nanoparticles have drawn 

consideration owing to their distinctive properties as controlled drug delivery agents, 

contrast agents and biosensors for cancer detection and treatment [6-8].  

Active targeting of a nanoparticulate system may be done to make delivery efficient at 

the required site and it may be accomplished through surface functionalization with 

proteins, antibodies and aptamers. Accordingly, conjugation of biomolecules to the 

gold core may impart to its additional interaction and advanced potential [9-11].  

Uncharacteristic glycosylation has usually seen in all types of human as well as 

experimental cancers and associated glycosyl epitopes form antigens which can be 

exploited for binding/ targeting [12]. Lectins proteins are of non-immune origin and 

possess the ability to spot aberrant glycosylation. Therefore, lectins are being used by 

researchers to target glycosylation-related to metastasis [13, 14]. Jacalin is one such 

lectin, obtained from seeds of jackfruit [15] and it has a high capability of identifying 

tumour-linked antigenic disaccharides [16, 17] which get over-expressed in nearly 

85% of human and experimental carcinomas including colon, breast etc. [18]. 

Efforts were made for improving the residence time of IP6 and targeting of the 

formulation at the required site to accomplish superior anticancer efficiency.  
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4.2. Materials 

Table 4.1 List of various chemicals utilized during formulation studies 

Materials 

 

 

Source 

2,2’-bipyridine Abcam 

Acetone  ThermoFischer Scientific (Qualigens) 

Antibodies  Cell Signaling Technology, USA and 

Alexis Biochemicals, USA 

Chloroauric acid  Loba Chemie, Mumbai 

Crystal violet Sigma Co. (St. Louis, MO, USA) 

DCFH-DA dye Sigma Co. (St. Louis, MO, USA) 

DMH 

 

 

Acros Organics (Thermo Fisher Scientific, 

New Jersey, US) 

DMSO Himedia Laboratories, Mumbai, India 

dNTPs  Bangalore Genei (India) 

Ethanol S.D. Fine chemicals Ltd., Mumbai, India 

Fetal bovine serum Sigma Co. (St. Louis, MO, USA) 

Formalin Sigma Co. (St. Louis, MO, USA) 

Horseradish peroxidase-conjugated 

secondary antibody 

Bangalore Genei (India) 

Hydroxy quinone Sigma Co. (St. Louis, MO, USA) 

IP6 Sigma Co. (St. Louis, MO, USA) 

Jacalin Sigma Co. (St. Louis, MO, USA) 

Magnesium chloride Himedia Laboratories, Mumbai, India 

Methanol ThermoFischer Scientific (Qualigens) 

[Methyl-3H] S-adenosyl methionine AmershamBiosciences-GE Healthcare 

(USA) 

Methylene blue ThermoFischer Scientific (Qualigens) 

MTT (3-(4,5-Dimethylthiazol-2-yl)- 

diphenyl tetrazolium bromide)2,5- 

Sigma Co. (St. Louis, MO, USA) 

NMR tube  Wilmad Glass, USA 

PCR primers  MWG Bio Tech, Germany 

Pectin Acros Organics (Thermo Fisher Scientific, 

New Jersey, US) 

Phenolphthalein Sigma Co. (St. Louis, MO, USA) 

Potassium chloride Himedia Laboratories, Mumbai, India 
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Propidium Iodide Sigma Co. (St. Louis, MO, USA) 

PVDF membrane Millipore Co. USA 

RNase Sigma Co. (St. Louis, MO, USA) 

RT-PCR kit Bangalore Genei (India) 

Sodium chloride Himedia Laboratories, Mumbai, India 

Sodium hydroxide SDFCL Pvt. Ltd., Mumbai, India 

Sodium metabisulfite Sigma Co. (St. Louis, MO, USA) 

Taq DNA polymerase Bangalore Genei (India) 

Thioglycollic acid Merckmillipore 

 

4.3. Preparation of IP6 loaded jacalin-pectin-gold nanoparticles (IJP-GNP) 

A green method was utilized for the reduction of chloroauric acid by making use of 

pectin for the synthesis of pectin-gold nanoparticles (P-GNP). A 0.5% w/v of pectin 

solution was prepared with distilled water. Aliquots (9 ml each) of pectin solution 

were taken in three different test tubes and 1 ml of 1 mM (F1), 2 mM (F2) and 3 mM 

(F3) chloroauric acid solution was added respectively. The three test tubes were 

allowed to react in a water-bath at 55⁰C till dark reddish purple colour was obtained. 

Colour change indicated the formation of P-GNP. To the P-GNP suspensions, IP6 (1 

mg/ml) and jacalin (1 mg/ml) (for surface modified batch) solutions were added in a 

ratio of 1:1 and gently stirred at 4⁰C for 24 h, protected from light. Free IP6 and 

jacalin were separated out by centrifugation at a temperature of 4⁰C at 20,000 rpm for 

30 min. The supernatant was separated used to estimate free IP6 and the pellets were 

collected, washed and redispersed with deionized water and stored for further 

characterization. The prepared formulations (F1, F2 and F3) were analyzed for UV 

spectroscopy, particle size, polydispersity index (PDI) and drug loading. The 

formulations found best according to these parameters were considered optimized and 

taken for further analysis [19, 20]. 

4.4. In-vitro characterization of IJP-GNP 

4.4.1. UV–visible spectroscopy 

The UV–visible spectroscopy is an indirect and proficient technique for examining 

the synthesis of GNP. The change in surface plasmon resonance of IJP-GNP was 
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estimated by a UV-visible spectrophotometeric method. The wavelength range for 

analysis was set from 400 to 600 nm [21, 22]. 

4.4.2. Particle size and PDI 

The particle size and PDI of IJP-GNP were evaluated through the standard method by 

using a particle size analyzer, laser light scattering-based equipment [21]. 

4.4.3. Drug loading 

The drug loading was determined indirectly by estimating non-bound drug which was 

separated by centrifugation of IJP-GNP suspension at 20,000 rpm for 30 min. The 

supernatant was taken to estimate free IP6 by UV-visible spectroscopy at 520 nm. The 

percentage drug loading was calculated by using the following equation [19, 23, 24]. 

% Drug loading =
Total  amount  of  drug  – Non  bound  drug  in  supernatant

Total  amount  of  drug
X 100 Equation 1 

4.4.4. In-vitro drug release studies 

The in-vitro drug release studies were carried out with pre-treated dialysis membrane 

of 12,000-14,000 kDa molecular weight cut-off. One end of the bag was closed with a 

clip and respective formulation (F1, F2 and F3) (equivalent to 2 mg of IP6) was filled 

into it and the other end was sealed with the clip. The prepared dialysis bag was 

placed in a beaker containing dissolution medium (HCl buffer- 50 ml) of pH 1.2 with 

continuous stirring (100 rpm) for two hours. Subsequently, pH of dissolution media 

was adjusted to 6.8 with PBS and the experiment was continued for 3 more hours. At 

the end of the third hour, dissolution media was degassed with CO2 for 15 minutes, to 

maintain anaerobic conditions. Rat cecal content (4 % w/v) was added at pH 7.4 and 

experiment was continued for 12 hours with continuous CO2 purging.  The entire 

experiment was conducted at a temperature of 37±2°C, maintaining sink conditions. 

Dialysate (0.5 ml each) was withdrawn at the predetermined intervals from 0 hours to 

12 hours and examined spectrophotometrically [19, 20, 25]. 

4.4.5. Fourier transform infrared (FTIR) spectroscopy 

FTIR spectroscopy was used to examine the chemical nature/ identification of 

chemical groups involved in reaction of pectin, chloroauric acid, jacalin, IP6 and IJP-

GNP. The FTIR spectra of samples were recorded spectrometrically at room 

temperature (Nicolet 6700, Thermo Scientific, USA) by earlier reported methods [26]. 
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4.4.6. Morphological evaluation 

Morphology and shape of prepared IJP-GNP was observed by utilizing transmission 

electron microscopy (TEM). For TEM, a drop of IJP-GNP suspension was layered on 

a 400-mesh copper grid and left to be air-dried over carbon substrate. The prepared 

slide was observed under an electron microscope (H- 7500, Hitachi Made, Japan) at 

an accelerating voltage of 100 kV and at a magnification of 30,000X [21]. 

4.5. In-vitro cell line studies 

4.5.1. Cell viability assay 

Effect of formulations, P-GNP, IP-GNP and IJP-GNP on the viability of different 

cells were determined by MTT assay, IP6 was taken as standard. Briefly, cells were 

seeded in 96-well plate at a density of 1×10
4
 cells. Cells were treated with different 

concentrations of treatment at 24 h, 48 h and 72 h. At the end of treatment, 20 µl MTT 

(5 mg/ml) was added in each well. After incubation of 3 h, media along with MTT 

was removed. 200 µl DMSO was added to dissolve the formazan crystal and 

absorbance was recorded at 540 nm using ELISA plate reader [27]. 

4.5.2. Colony forming assay 

HCT 15 cells were seeded (500 cells/well) in six-well plates. Seeded cells were 

allowed to grow for 24 h and 48 h and then treated with IJP-GNP. At the end of 

incubation, cells were washed, fresh media was added and cells were allowed to grow 

for 6 to 7 days. Then, cells were again washed with PBS, fixed with ice-cold methanol 

and stained by 1% w/v crystal violet solution. Excess staining was removed by 

washing with PBS and images were observed and recorded using an inverted 

fluorescent microscope (Nikon Eclipse Ti-S, Tokyo, Japan) at a magnification of 20X 

[28]. 

4.5.3. 4,6-diamidino-2- phenylindole (DAPI) staining 

The HCT-15 cells with the concentration of 10
4
 cells/ml were allowed to grown on 

coverslips after treatment with IJP-GNP for 24 h and 48 h. Nuclei showed changes, 

which were examined by DAPI staining using an earlier reported method. After 

washing with PBS, the cells were fixed for 5 min by using cold methanol, at room 

temperature and again washed with PBS and incubated with DAPI solution (2 mg/ml 

in PBS) at room temperature, for 10 min. Specimens were analyzed and images were 
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captured using an inverted fluorescent microscope (Nikon Eclipse Ti-S, Tokyo, 

Japan) at 20X magnification [29].  

4.5.4. Cell cycle analysis 

The HCT-15 cells (1×10
6
) were seeded in T-25 culture flask and allowed to grow for 

24 h. After 24 h, cells were treated with IJP-GNP for 24 h and 48 h. At end of 

incubation, cells were harvested, fixed with ice-cold ethanol (70%) and incubated for 

1 h at 4°C. Thereafter, cells were centrifuged and resuspended in 300 ml PBS and 

incubated with 30 mg of RNase and 15 mg of propadium iodide (PI) for 30 min at 

room temperature, in dark. Thus prepared samples were analyzed by flow cytometry 

using a FACS Calibur instrument (BD Biosciences) [30]. 

4.5.5. Apoptosis analysis 

To determine the effect of IJP-GNP on apoptosis in HCT-15 cells, AnnexinV-FITC/PI 

dual staining was performed by making use of flow cytometry. Cells of 1×10
6
 cells 

concentration were seeded in six-well plates, allowed to grow for 24 h and treated 

with different concentration at 24 h and 48 h. At the end of incubation, cells were 

harvested, washed with PBS and stained with AnnexinV-FITC and PI using apoptosis 

detection kit (Sigma Co. St. Louis, MO, USA). Samples were examined by a flow 

cytometer using FACS Caliber instrument (BD Biosciences) [29]. 

4.5.6. ROS generation assay 

ROS generation was assayed using 2,7-dichlorodihydrofluorescein diacetate (DCFH-

DA) dye through a flow cytometer. HCT-15 cells (1×10
6
) were seeded in 6 well plates 

for 24 h. Seeded cells were treated with different concentration of IJP-GNP for 24 h 

and 48 h. At the end of incubation, cells were harvested by trypsinization, fixed with 

cold methanol and incubated with 30 µg/ml of DCFH-DA dye for 30 minutes at room 

temperature, in dark. At the end of incubation, cells were centrifuged and resuspended 

in 300 ml of PBS. Specimens were analyzed by fluorescence microscopy (Evos Flc 

microscope, Invitrogen), at a wavelength of 485nm and 520nm for excitation and 

emission respectively. Production of ROS was quantified by using Image J software 

(Image J, National Institutes of Health, and Bethesda, MD). A total number of 50 cells 

from each group were quantified for fluorescence intensity and analyzed statistically 

with respect to untreated (control) group [29]. 
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4.6. In-silico approach to studies inter-molecular interactions between   IP6, P-

GNP and jacalin protein  

4.6.1. Preparation of structure 

The 3-dimensional structure of jacalin protein (Figure 4.1) was retrieved from the 

Protein Data Bank (PDB ID: iku8) (www.rcsb.org) which was used for the present 

docking studies. Energy minimization and force field CHARM m were applied to 

remove the bad steric clashes. In this execution, all computations were performed in 

the vacuum without any reaction field [31]. 

 

Figure 4.1: 3-Dimensional structure of jacalin protein (iku8) 

4.6.2. Preparation of ligand complex structure of jacalin, P-GNP and IP6 

The SMILES (Simplified Molecular Input Line Entry Specification) notations of the 

inhibitors were obtained from the Pub Chem database.  

4.6.3. ADME and druglikeness analysis 

Molecular properties like membrane permeability, bioavailability etc. of compounds 

are always coupled with several basic molecular descriptors like log P, molecular 

weight or number of hydrogen bond acceptors/ donors in a molecules [32]. These 

molecular characteristics are utilized in formulating the “rule of five” [33]. Lipinski׳s 

rule states that molecules with good membrane permeability have molecular weight 

≤500, hydrogen bond donor ≤5 and acceptor ≤10. In the present studies, these 

molecular properties and druglikeness score of chloroauric salt and inositol 

hexaphosphate were estimated by utilizing Molinspiration tool [34]. 

4.6.4. Molecular interaction analysis 

The in-silico docking analyses were carried out using PatchDock. The jacalin protein 

was docked with IP-GNP and resultant pdb file obtained after jacalin, P-GNP and IP6 
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docking was used as IJP-GNP complex and was further docked by uploading the 

receptor and molecules in PatchDock Server, an automatic server for molecular 

docking. The final figures were produced with the help of Discovery Studio 4.5 

Visualizer [35]. 

4.7. In-vivo studies 

The study was approved and conducted as per guidelines IAEC (approval no.: 

SDCOP&VS/AH/CPCSEA/01/0028). Animals were handled as per norms of IAEC 

and care was taken to follow guidelines with a humane approach. Albino Wistar rats 

(weighing 100-120 g) were used for the studies. All the animals were housed in 

polypropylene cages with well-ventilated, standard conditions of temperature 

(22±2°C) and photoperiodic cycle (12 h dark/ light) with free access to the 

commercial pellet diet and water ad libitum. Before commencing the studies, animals 

were acclimatized for at least a week. All animals were divided into 5 groups 

containing 8 animals each. DMH was administered at a dose of 20 mg/kg/week, 

subcutaneously and all other treatment details as per Table 4.2, were given for six 

weeks. At the end of the 6
th

 week, animals were euthanized with cervical dislocation. 

Before sacrifice, animals were scrutinized for their electrocardiogram (ECG) and 

heart rate variability (HRV) paradigms and blood was collected by retro-orbital 

plexus. The blood serum, colon tissue and colon content were collected and stored for 

further analysis. 

Table 4.2 Treatment detail for animals 

Groups Treatment 

Normal control 1mM EDTA+saline (2 ml/kg/day, oral) 

Toxic control DMH 

Standard DMH+ IP6 (2 mg/kg/day, oral) 

IP-GNP DMH+ IP-GNP (IP6 equivalent to 2 mg/kg/day, oral) 

IJP-GNP DMBA+ IJP-GNP (IP6 equivalent to 2 mg/kg/day, oral) 

4.7.1. Hemodynamic changes 

Animals were anaesthetized by using a combination injection of ketamine 

hydrochloride (100 mg/kg) and diazepam (5mg/kg) which was given intramuscularly, 

and animals were mounted on a wax tray. ECG signals were then recorded by placing 

platinum hook electrodes on the skin of the dorsal and ventral thorax of the animals. 

Electrodes were attached with channel power lab (ML-826) and bio-amplifier (ML-

136) in order to change the analogue signals to digital ones. The recorded ECG 
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signals were saved and analyzed offline. HRV analysis was done on different 

segments of ECG signals. Raw signals were analyzed manually to make sure that all 

the R waves are alleged correctly and HR was figured out by plotting the R wave 

number vs. time. Time and frequency domains of HRV were also determined offline.  

4.7.2. Estimation of weight variation and pH 

Weight variations among the animals of each group were determined by utilizing the 

following equation. The collected colon content was examined for colonic pH by 

making use of a pen-type digital pH meter (Hanna Instrument HI 98107) [36, 37]. 

% Weight variation =   
Final  weight  – Initial  weight

Final  weight
 ∗ 100   Equation 2 

4.7.3. Estimation of total acidity 

For estimation of total acidity, 01 ml of gastric juice was diluted with distilled water. 

From it, 50 ml was taken in a conical flask. Two drops of phenolphthalein indicator 

were added to it and titrated with 0.01N NaOH until a pink colour sustained. The 

volume of 0.01N NaOH was recorded which was used up to obtain the pink colour. 

The total acidity was expressed as mEq/L in the following equation [36, 37]. 

Total Acidity =
Vol .of  NaOH  × N × 100

0.1mEq /L
       Equation 3 

4.7.4. Biochemical estimation 

For biochemical estimation, the distal part of colon tissue (10% w/v) was 

homogenized by using 0.15 M KCl and centrifuged at 4°C and at an rpm of 10,000. 

Thus obtained supernatant was analyzed for numerous antioxidant markers including 

protein carbonyl, thiobarbituric acid reactive substances (TBARS), glutathione 

(GSH), superoxide dismutase (SOD) and catalase by following the established 

procedure of our laboratory [38]. 

4.7.5. Morphological evaluation  

4.7.5.1 Aberrant crypt foci (ACF) 

ACF analysis was performed following the method described by Bird, 1987. Briefly, 

colon tissue was opened longitudinally, rinsed with normal saline and fixed flat in 

10% of buffered formalin for 24 hours. Thereafter the tissue was stained by using 

0.1% methylene blue in PBS for 10 min and then placed on a glass slide. The tissue 
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was observed through a light microscope at a magnification of 40X. ACF was 

exemplified by nearby normal crypts through an increase in size, augmented distance 

from the lamina and perceptible pericryptal zone. ACF in total and number in crypts 

in each focus were counted for at least two foci per slide [39]. 

4.7.5.2. Morphological evaluation by scanning electron microscopy (SEM) 

The colon tissue was scrutinized for its morphology by SEM. Tissue samples were 

fixed for 6 h by using 2.5% glutaraldehyde at 4°C and rinsed with 0.1 M PBS with 3 

changes, each for 15 min at 4°C. Osmium tetroxide (1% w/v) was utilized for 

fixation, at 4°C for 2 h and samples washed with 0.1 M PBS for 3 changes, each for 

15 min at 4°C. Tissue specimens were dehydrated by making use of increasing 

acetone concentrations viz. 30%, 50%, 70%, 90%, 95% and 100% v/v, for 30 min 

each at 4°C and then air dried. Air dried samples were mounted on an aluminium stub 

and observed under SEM Jeol (JSM- 6490LV, Japan) at 500X magnification [40, 41]. 

4.7.5.3. Morphological evaluation by histopathology 

The colon tissue samples were fixed overnight with paraformaldehyde and further 

treated overnight with 70% v/v isopropanol.  Then specimens were exposed to 

isopropanol with variable concentrations (70%, 90%, and 100% v/v) and dehydrated 

using 100% v/v xylene. The prepared tissue specimens were embedded with paraffin 

wax to prepare blocks, sectioned with a microtome and stained with haematoxylin and 

eosin. Stained sections were examined under a digital biological microscope, (N120, 

BR Biochem Life Sciences, New Delhi, India) at a magnification of 40X [40, 41]. 

4.7.6. Western blotting 

The total protein was extracted from the colon tissue by using a freeze-thaw method 

and was quantified through Bradford protein assay. Tissue lysate was prepared by 

utilizing 20 mM Tris buffer of pH 7.5. Prepared tissue lysate, equivalent to 50 μg of 

proteins was resolved using 10 % SDS-PAGE and transferred on to methanol soaked 

PVDF membrane (Millipore Co. USA) utilizing transfer buffer. Subsequently, PVDF 

membrane was blocked by using blocking solution for 3 h and probed overnight with 

primary antibodies of dilution 1:1000, against PI3K (#4257), Akt (#4691) (Cell 

Signaling Technology, USA) and COX-2 (ALX-210-711-1) (Alexis Biochemicals, 

USA). Primary antibody incubation was followed by horseradish peroxidase-

conjugated secondary antibody (Bangalore Genei, India) incubation. Then, antibody 
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binding signals were visualized with the help of Chemiluminescence HRP detection 

system (Millipore) over Versa Doc (Bio-Rad) and simultaneously band strength was 

estimated by Syngene gene tool. Utilized PVDF membranes were stripped and 

reprobed by using β-actin antibody(4970) (Cell Signaling Technology Inc, USA) [42]. 

4.7.7. Reverse transcription polymerase chain reaction (RT-PCR) 

RT-PCR (Applied Biosystems, Verity, USA) was used for estimating colon tissue 

samples for their mRNA content. Total RNA content of colon tissue sample was 

extracted by using Trizol reagent (Invitrogen) according to manufacturer’s directives. 

DNA contaminations were removed by utilizing DNaseI. c-DNA synthesis was done 

by using c-DNA preparation kit and taking RNA equivalent to 2ng.  c-DNA was used 

for quantification of particular mRNA through primers (MWG Bio Tech, Germany)  

mentioned in Table 4.3. A 20 µl of the reaction mixture was prepared by making use 

of 100 ng of c-DNA, dNTPs (1.5 mM), MgCl2 (1.5 mM), 10 pM each primer and 1 

unit Ampli Taq DNA polymerase enzyme. The product was amplified using thermal 

cycles (denaturation at 94°C for 5 min, 95°C for 60 sec, annealed at 72°C for 60 

sec)×35 and final extensions of 4 min at 72°C. A 1.5% of the agarose gel containing 

ethidium bromide was used to resolve/ visualize prepared PCR products. 

Quantification was made by utilizing gene tool Syngene software. β-actin was used as 

an internal control [24]. 

Table 4.3 Nucleotide sequences and product size used for RNA analysis by RT-

PCR 

Gene  Sequence  Product size (bp) 

PI3K 

 

F 5’-GGACCCGATGCGGTTAGA-3’ 

R 5'-GATGATGGTCGTGGAGGC-3' 

141 

Akt 

 

F 5'-ATGGCACCTTCATTGGCTAC-3' 

R 5'-GGGCCGGACTCGTCATAC-3' 

222 

COX-2 F 5'-GTGGAAAAACCTCGTCCAGA-3' 

R 5'-TGATGGTGGCTGTTTTGGTA-3' 

256 

β-Actin F 5′-TGTGATTGGTGGGAATGGGTCAG-3′   

R 5′-TTTGATGTCACGCACGATTTCC-3′ 

514 

4.8. 
1
H NMR spectroscopic analysis of serum samples 

4.8.1. Serum sample preparation 

The stored serum samples were thawed at room temperature and centrifuged at a 

relative centrifugal force of 16,278 for 5 min, just before acquiring the NMR data. A 



Pectin encrusted gold nanocomposites containing IP6 and jacalin to target colon cancer 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 82 
 

total of 440 µl of sample was filled in 5 mm NMR tube for data acquisition: 220 µl of 

serum was taken and final volume adjusted by adding 220 µl of saline sodium PBS of 

strength 20 mM and pH 7.4 with 0.9 % saline prepared in D2O as described earlier 

[43]. A sealed co-axial containing the known concentration of 0.1 mM TSP (Sodium 

salt of 3-trimethylsilyl-(2, 2, 3, 3-d4)-propionic acid) was also inserted in NMR tubes 

to provide lock for NMR experiments, and as an external standard reference to aid 

chemical shift referencing for metabolite quantification and assignment [44].  

4.8.2. NMR measurements 

All the NMR spectra were acquired at 300K on Bruker Avance-III NMR spectrometer 

operating at a proton frequency of 800.21 MHz and equipped with Cryoprobe. The 

raw NMR data was processed in the Bruker software Topspin-v2.1 (Bruker BioSpin 

GmbH, Germany). For each serum sample, the 1D 
1
H transverse relaxation-edited 

CPMG (Carr–Purcell–Meiboom–Gill) NMR spectra were recorded using the standard 

Bruker’s pulse program library sequence (cpmgpr1d) with pre-saturation of the water 

peak with continuous irradiation during the recycle delay (RD) of 5 sec. Each 

spectrum consisted of the accumulation of 128 scans and lasted for about 15 min. To 

remove broad signals from triglycerides, proteins, cholesterol and phospholipids, a 

total spin-spin relaxation time of 60 min (n=300 and 2τ=200µs) was applied. Each 

FID (free induction decay) was zero filled and Fourier-transformed (FT) to 64 K data 

points following manual phase and baseline-correction. A line broadening factor of 

0.3 Hz and a sine-bell apodisation function was applied to FIDs before FT.   

4.8.3. Spectral assignment 

The 1D 
1
H CPMG NMR spectra of metabolite resonances were assigned using the 

Chenomx NMR Suite (Chenomx Inc., Edmonton, AB, Canada) [45]. The remaining 

peaks in the spectra were assigned by comparing them with the chemical shifts of 

distinct metabolites reported previously in the literature [46, 47], 
 
BMRB (Biological 

Magnetic Resonance Data Bank) [48] and HMDB (The Human Metabolome 

Database) databases [49].  

4.8.4. Multivariate statistical analysis 

Before multivariate analysis, all the NMR spectra were manually phased, baseline 

corrected and referenced internally to Lactate peak (at δ =1.33 ppm). The CPMG δ 

(0.5−9.5 ppm) spectra were binned and automatically integrated using AMIX package 
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(Version 3.9.15, Bruker). The region δ (4.66-5.2 ppm) distorted due to water 

suppression was excluded from the CPMG data set. The selected regions were 

reduced to spectral bins of δ (0.01 ppm) and each spectral bin further normalized by 

total spectral intensity. The binned data from CPMG experiments were submitted to a 

multivariate data analysis performed using the open access web-based metabolomics 

data processing tool, named MetaboAnalyst [50, 51]. Principal Component Analysis 

(PCA) was used for the initial overview of the grouping trend within the data set and 

outlier detection. The data were modelled with the supervision method of Partial 

Least Squares Discriminant Analysis (PLS-DA) to reveal class separations between 

the groups and to further identify the metabolites responsible for class separation [52]. 

For both PCA and PLS-DA, the data were scaled using Pareto scaling. To avoid the 

over-fitting of the PLS-DA model, 10-fold cross-validation algorithm helps to 

evaluate 100% classification accuracy using the top 5 latent variables, which were 

used. The quality of the models was described by the cross-validation parameters R
2
 

and Q
2
, representing the explained variance and predictive capability of the model, 

respectively. The PLS-DA model was further used to identify the metabolites 

responsible for the discrimination based on their higher values of variable importance 

on projection (VIP) scores. The VIP score represents a weighted sum of squares of the 

PLS loadings and takes into account the amount of explained Y-variation in each 

dimension to measure the impact of each metabolite. A p 0.05 was considered 

significant, calculated by Mann-Whitney test for pairwise comparisons. 

4.9. Results 

4.9.1. Preparation and in-vitro characterization of IJP-GNP 

IJP-GNP was prepared through a green method of reduction of chloroauric acid using 

pectin, loaded with IP6 and surface modified with jacalin. 

4.9.2. UV spectroscopy 

The UV-visible spectroscopy is an efficient method for investigating the biosynthesis 

of GNP. The absorption maxima were evident between 520–530 nm. 

4.9.3. Particle size and PDI 

Particle size analysis showed that the size of IJP-GNP increased with the increasing 

concentration of chloroauric acid. The size of formulations, F1, F2 and F3 were found 
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to be 67.4±2.38nm, 128.29±3.12nm and 283 ± 4.94nm respectively.  The prepared 

IJP-GNP showed PDI values of 0.24, 0.29 and 0.32 respectively.  

4.9.4. Drug loading 

Drug loading of IP6 in IJP-GNP decreased with increasing amount of chloroauric 

acid. F1, F2 and F3 revealed percentage drug loading of 81.63±1.21%, 78.86±1.98% 

and 76.1±2.69 % respectively. 

4.9.5. FTIR spectroscopy 

FTIR spectroscopy of pectin, chloroauric acid, IP6, jacalin and IJP-GNP was 

analyzed, Figure 4.2. All the excipients displayed their characteristic peaks. In case of 

pectin, the peaks were observed at 2935.8 cm
-1

 and 1746.8 cm
-1

 which correspond to 

C-H and C=O bond (indicating -COCH3 groups) vibrations [53]. For chloroauric acid, 

the peaks at 1631.4 cm
-1

 and 3389.8 cm
-1

 corresponds to C-O and -OH stretching 

respectively [54]. The peaks near 1654.4 cm
-1 

showed the main vibrational bands of 

amide groups of jacalin [55] and the bands near 1378.8 cm
-1

 displayed vibrational 

mode of the COOH and C-O groups of aspartic acid, glutamic acid like amino acids, 

present in jacalin.  Peak near 3430.3 cm
-1

 in case of IP6 relates to OH stretching [56]. 

IJP-GNP revealed the shift in peaks of hydroxyl and carbonyl groups and also 

displayed all the characteristic peaks of IP6 and jacalin.  

 

Figure 4.2 FTIR spectrums: a- pectin, b- chloroauric acid, c- jacalin, d- IP6 and e- 

IJP-GNP 
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4.9.6. In-vitro drug release studies  

In-vitro drug release from IJP-GNP was observed to be significantly low in acidic pH. 

The release increased after changing the pH of media to 6.8 and was found to be 

higher with media having pH 7.4 containing cecal content. (Figure 4.3(A)).  

4.9.7. Morphological evaluation  

Morphological evaluation of P-GNP through TEM displayed spherical shape, while 

IJP-GNP revealed a corona surrounding the surface (Figure 4.3(B)). 

 

Figure 4.3 A- Percent of IP6 released as a function of time (h) from IJP-GNP. B- 

Morphological evaluation of P-GNP (inset) and IJP-GNP through TEM analysis  

4.9.8. Cytotoxicity evaluation 

All the synthesized formulations were appraised for their anti-cancer activity along 

with IP6 (as standard) against the development of HCT-15 colon cancer cell lines, in a 

dose as well as time-dependent way by utilizing MTT assay. The assay was 

performed for assessing cell growth inhibition, as shown in Table 4.4. Out of four 

treatments, IJP-GNP demonstrated critical cytotoxicity at lower concentrations (conc. 

5, 10, 15, 20, 25 µM/ml) and rest were seen active at higher concentration. 

Formulations IJP-GNP and IP-GNP viably stalled the development of HCT-15 cells. 

IJP-GNP was found to be the most effective formulation in this arrangement with 

least IC50 (15 µM/ml) at 24 h treatment and sub IC50 (10 µM/ml) at 48 h against 

standard medication IC50 (30 µM/ml) at 24 h and sub IC50 (15 µM/ml) at 48 h 

against colon cancer cells. Furthermore, IP6 containing formulations did not display 

cytotoxicity against human normal colon epithelial cell (NCM460).  
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Table 4.4 The in-vitro cytotoxicity estimated as IC50 after 24 h, 48 h and 72 h 

 

 

Treatment 

IC50 values (µM /ml) 

24 h 24 h 48 h 48 h 72 h 72h 

HCT 15 NCM460 HCT 15 NCM460 HCT 15 NCM460 

P-GNP 62±0.03  >100  70± 0.02  >100  85±0.04  >100  

IP-GNP 17±0.04  >100  15± 0.02  >100  10± 0.02  >100  

IJP-GNP 15±0.02  >100  10± 0.02  >100  08± 0.02  >100  

IP6 30±0.08  >100  32±0.01  >100  35.6±0.03  >100  

4.9.9. Colony forming assay 

The HCT-15 cells apparently formed 192 colonies after 12 h treatment of IJP-GNP. 

The number of colonies was reduced with augmentation in time of treatment with IJP-

GNP formulation. The untreated HCT-15 cells were seen to generate the most 

extreme of 210 colonies after 24 h, Figure 4.4. The figure displayed the time and 

dose-dependent inhibition of colony development by IJP-GNP treatment. 

 

Figure 4.4 Effects of IJP-GNP on colony formation in HCT 15 cells. Cells were 

treated with 10 µM/ml and 15 µM/ml for 24 h and 48 h, stained with 0.5% crystal 

violet and was analyzed by flow camera , (A) Pictorial representation (B) Graphical 

representation   
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4.9.10. Cell cycle analysis 

The flow cytogram displayed the percentage of HCT cell lines in the G0/G1 stage for 

IJP-GNP when contrasted with the sub IC50 and control. It was seen that IJP-GNP 

trigger G0/G1 cell cycle arrest when compared to untreated control cells, Figure 4.5, 

while, a consequent decrease of the synthetic phase (S-stage) of cells cycle was 

observed.  

 

Figure 4.5 Effect of IJP-GNP on cell cycle progression in HCT 15. Cells were treated 

with IJP-GNP (10 µM/ml and 15 µM/ml) for 24 h and 48 h stained with PI and cell 

cycle analyzed by flow cytometry 
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4.9.11. Apoptosis induction 

In order to evaluate the nuclear morphology of cells with the effect of IJP-GNP 

formulation, Hoechst 33258 staining was carried out using microscopy. Shrunken 

nucleus, peripherally clumped and fragmented chromatin was observed following the 

treatment with IJP-GNP formulation (Figure 4.6). 

 

Figure 4.6 The treatment of HCT15 cells with IJP-GNP (10µM/ml and 15µM/ml for 

24 h and 48 h) to indicate apoptotic cells with nuclear chromatin condensation and the 

formation of nuclear fragments and apoptotic bodies, (A) Pictorial representation (B) 

Graphical representation   
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4.9.12. AnnexinV-FITC and PI staining 

In order to evaluate nuclear morphology to see the effect of IJP-GNP formulation, 

DAPI staining was done using microscopy in HCT15 cells. Shrunken nucleus, 

peripherally clumped and fragmented chromatin was seen. To further confirm our 

deliberations whether cell growth inhibition was coupled with physiological 

apoptosis, AnnexinV-FITC and PI dual staining was also carried out using flow 

cytometer. IJP-GNP displayed time as well as dose-dependent effects and increase of 

apoptotic cells (AnnexinV-FITC stained) and nonspecific necrotic (PI stained) 

population in the treatment when compared to untreated vehicle control, Figure 4.7. 

 

Figure 4.7 Effect of IJP-GNP on apoptosis in HCT 15 cells. Cells were treated with 

10 µM/ml and 15 µM/ml concentrations of IJP-GNP for 24 h and 48 h. Apoptosis was 

analyzed by using AnnexinV-FITC/PI dual staining kit and flow cytometry 
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4.9.13. Activation of ROS 

ROS plays a vital role in apoptosis induction under both physiological and 

pathological conditions. The HCT cells treated with IJP-GNP displayed a 

considerable increase in ROS intensity in a dose as well as time-dependent manner 

when contrasted with untreated cells (Figure 4.8). 

 

Figure 4.8 (A) Effect of sinapic acid on HCT 15 cells stained with DCFH-DA dye for 

24 and 48 hrs. Generation of ROS levels during IJP-GNP treatment was measured 

spectrofluorimetrically by DCFH-DA staining. (B) % Fluorescence intensity of 

DCFH-DA dye in HCT 15 cells after exposure to IJP-GNP 
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4.9.14. In-silico analysis 

The molecular characteristics and bioactivity of the compounds were determined by 

utilizing online data server Molinspiration and attained log P values along with other 

physiochemical properties, like molecular mass, the number of hydrogen bond 

acceptors and donors.  

Table 4.5 In-silico determination of physicochemical pharmacokinetics for P-GNPS, 

IP6 by using online server Molinspiration  

Compound 

 

miLogP 

 

Molecular 

weight 

Hydrogen bond 

donor 

Hydrogen bond 

acceptors 

IJP-GNP -0.51 196.97 0 0 

IP6 -5.55 660.03 24 12 

Table 4.6 In-silico determination of bioactivity score for IJP-GNPS and IP6 by using 

online server Molinspiration  

Compound 

 

GPCR 

ligand 

Ion 

channel 

modulator  

Kinase 

inhibitor 

Nuclear 

receptor 

ligand 

Enzyme 

inhibitor 

Protease 

inhibitor   

IJP-GNP -3.87 -3.85 -3.87 -3.88 -3.85 -3.55 

IP6 0.38 0.44 0.37 0.24 0.48 0.31 

4.9.15. In-silico docking studies of IP6, P-GNP and IP-GNP with jacalin protein 

The orientation and binding affinity of IP6, P-GNP and jacalin, in terms of the total 

docking score and binding residues with a docking score were 4098 and 2096 of IP6 

and P-GNP respectively, when compared to the docking score of IJP-GNP complex, 

docking score which was 4422.  

Table 4.7 Details of patch Dock score, inositol phosphate and gold NP with jacalin 

Protein Ligand Score -H Bond Residues 

1ku8 P-GNP 2096 LEU547 ILE108, ARG546, LEU547, GLY118, 

THR86, TYR73, SER575, SER597 

1ku8 IP6 4098 ARG546 ILE108, ARG546, LEU547, GLY118, 

THR86, TYR73, ASN110, SER597 

1ku8 IJP-GNP 

(Complex) 

4422 LYS87(2) 

ASN643 

LYS87, THR86, ASN110, ASN643, 

LYS87,PRO167,GLU67,MET86, 

ILE108 
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Figure 4.9 Representing the best conformation in the binding site of jacalin protein 

(A) IP6 (B) P-GNP (C) IJP-GNP 

4.9.17. Hemodynamic changes 

The IP6, IP-GNP and IJP-GNP affected diverse parameters of ECG when given to 

albino Wistar rats (Figure 4.10). Heart rate, P duration as well as QRS complex was 

seen higher in case of toxic control which was found to be normalized after IJP-GNP 

treatment. The lower frequency (LF) was found reduced in toxic control whereas 

raised significantly in the treatment groups. An analogous pattern was observed for 

higher frequency variables (HF) also (Table 4.8 and 4.9).  

 

Figure 4.10 Representative ECG recordings of I- normal control, II- toxic control, III- 

standard, IV- IP-GNP and V- IJP-GNP, treated animals 
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Table 4.8 Effect of IP6, IP-GNP and IJP-GNP on ECG changes against DMH 

treatment to the animals, time domain 

ECG 

Parameters 

Normal 

control 

Toxic 

control 

Standard IP-GNP 

 

IJP-GNP 

RR 

Interval(s) 

0.18± 0.03 0.17± 0.01 0.17± 0.02 0.16± 0.01 0.17± 

0.001 

Heart Rate 

(BPM) 

351.47± 

27.66 

382.47± 

31.50 

358.95± 

27.71 

358.48± 

28.25 

304.02± 

15.04
***

 

PR 

Interval(s) 

0.04± 0.01 0.04± 0.02 0.04± 0.01 0.04± 0.01 0.04± 0.01 

P Duration(s) 0.01± 

0.001
***

 

0.02± 0.001 0.01± 

0.002
***

 

0.01± 

0.003
***

 

0.01± 

0.002
***

 

QRS 

Interval(s) 

0.01± 

0.001
***

 

0.02± 0.004 0.01± 

0.004
***

 

0.01± 

0.002
***

 

0.01± 

0.007
***

 

QT 

Interval(s) 

0.05± 0.02 0.06± 0.01 0.06± 0.02 0.05± 0.03 0.05± 0.03 

QTc(s) 0.13± 0.04 0.16± 0.04 0.13± 0.03 0.13± 0.04 0.10± 0.03 

JT Interval(s) 0.04± 0.02 0.04± 0.02 0.03± 0.02 0.03± 0.02 0.02± 0.01 

T peak Tend 

Interval(s) 

0.02± 0.01 0.03± 0.01 0.02± 0.01 0.02± 0.01 0.02± 0.01 

P Amplitude 

(mV) 

0.09± 0.01 0.06± 0.02 0.05± 0.03 0.07± 0.01 0.03± 

0.01
**

 

Q Amplitude 

(mV) 

0.01± 

0.005
***

 

0.04± 0.001 -0.05± 

0.001
***

 

-0.04± 

0.003
***

 

-0.16± 

0.003
***

 

R Amplitude 

(mV) 

1.76±0.74 1.74± 0.04 0.92± 0.62 1.29± 0.58 0.55± 

0.01
**

 

S Amplitude 

(mV) 

-0.18± 

0.07
***

 

-0.42± 0.03 -0.25± 

0.01
***

 

-0.07± 

0.02
***

 

-0.09± 

0.03
***

 

ST Height 

(mV) 

0.01± 

0.001 

0.01± 0.008 0.003± 

0.001 

-0.02± 

0.001
***

 

-0.007± 

0.005
***

 

T Amplitude 

(mV) 

0.19± 

0.05
***

 

0.46± 0.07 0.13± 

0.02
***

 

0.11± 0.02
***

 0.09± 

0.02
***

 

Values mentioned in mean±SD, n=8, comparisons were made with respect to toxic 

control using one-way ANOVA followed by Bonferroni multiple tests, *p<0.05, 

**p<0.01, ***p<0.001. 
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Table 4.9 Effect of IP6, IP-GNP and IJP-GNP on HRV changes against DMH 

treatment to the animals, frequency domain 

HRV Normal 

control 

Toxic 

control 

Standard IP-GNP 

 

IJP-GNP 

Time Domain 

Average RR 

(ms) 

173.71± 

28.46 

153.55± 

27.39 

170.97± 

12.99 

197.58± 

14.23
**

 

265.57± 

7.10
***

 

SDRR (ms) 7.48± 

4.32
**

 

15.92± 2.99 7.86± 2.16 7.17± 

2.37
***

 

7.02±3.96
***

 

CVRR 0.06± 

0.032
**

 

0.02± 0.002 0.06± 0.01 0.06± 

0.001
*
 

0.06± 

0.0001
***

 

Frequency Domain 

LF (μs
2
) 15.65± 

8.86
**

 

0.38±1.66 15.67± 

3.01
**

 

14.80± 

6.45
**

 

14.28±7.27
**

 

HF (μs
2
) 62.13± 

13.95
***

 

3.77±1.56 58.90± 

11.86
***

 

66.73± 

9.36
***

 

71.69± 

16.67
***

 

LF/HF(μs
2
) 0.23± 0.04 0.18±0.06 0.27±0.03 0.21±0.08 0.20±0.09 

Values mentioned in mean±SD, n=8, comparisons were made with respect to toxic 

control using one-way ANOVA followed by Bonferroni multiple tests, *p<0.05, 

**p<0.01, ***p<0.001. 

4.9.18. Weight variation, pH, total acidity and ACF count 

The toxic group animals displayed weight loss, decrease in pH along with increase in 

total acidity and formation of aberrant crypts when compared with control. 

Concomitant application of IP-GNP and IJP-GNP favorably regulated the weight and 

pH in the treated group animals. The total acidity along with ACF was also 

synchronized near to normal after IJP-GNP treatment (Table 4.10).  

Table 4.10 Effect of IP6, IP-GNP and IJP-GNP on weight variation, pH, total 

acidity and ACF count against DMH induced colon carcinoma 

Parameters Normal 

control 

Toxic 

control 

Standard IP-GNP 

 

IJP-GNP 

 

Weight 

variation (%) 

18±2.31
***

 -6±0.02 13±1.34
***

 15±2.02
***

 16±3.11
***

 

pH 7.23±0.52  6.5±0.41 6.86±0.44 6.99±0.32 7.42±0.51
*
 

Total acidity 

(mEq/l) 

118.34±12

.64 

152.98± 

23.64 

121.24± 

28.32 

136.72± 

18.93 

111.31± 

21.69
*
 

Aberrant 

crypts (NoS) 

17.61±2.8

9
***

 

91.76± 

3.63 

58.19± 

4.12
***

 

23.42± 

3.12
***

 

18.14± 

6.13
***

 

Values mentioned in mean ±SD, n=8, comparisons were made with respect to toxic 

control using one-way ANOVA followed by Bonferroni multiple tests, *p<0.05, 

**p<0.01, ***p<0.001. 
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4.9.19. Antioxidant markers 

DMH application significantly (p<0.001) dysregulated the level of protein carbonyl, 

MDA,GSH, SOD and catalase.  IP-GNP and IJP-GNP treatment tried to restore the 

values towards normal (Table 4.11). 

Table 4.11 Effect of IP6, IP-GNP and IJP-GNP on oxidative stress markers 

against DMH induced colon carcinoma 

Parameters Normal 

control 

Toxic 

control 

Standard IP-GNP 

 

IJP-GNP 

 

Protein carbonyl 

(nM/ml) 

0.64± 

0.09
***

 

2.24±0.07 

 

1.43± 

0.10
***

 

0.91± 

0.02
***

 

0.67± 

0.09
***

 

TBARS 

(nM of MDA/μg of 

protein) 

2.62± 

0.06
***

 

 

4.82±0.09 

 

3.19± 

0.02
***

 

 

2.90± 

0.08
***

 

 

2.72± 

0.10
***

 

GSH*10
-4 

(μg %) 

0.35± 

0.03 

0.29±0.01 

 

0.31±0.02 

 

0.43± 

0.06
***

 

0.46± 

0.03
***

 

SOD 

(unit of SOD/μg of 

protein) 

1.84± 

0.02
***

 

 

1.66±0.03 

 

1.69±0.02 

 

1.74± 

0.04
***

 

 

1.82± 

0.02
***

 

 

Catalase(nM of 

H2O2 disappeared/ 

min/μg of protein) 

0.62±0.0

7
***

 

 

0.44±0.03 

 

0.52±0.03
*
 

 

0.59± 

0.03
***

 

 

0.63± 

0.05
***

 

 

Values mentioned in mean ±SD, n=8, comparisons were made with respect to toxic 

control using one-way ANOVA followed by Bonferroni multiple tests, *p<0.05, 

**p<0.01, ***p<0.001. 

4.9.20. Morphological and histopathological evaluation 

Toxic control animals displayed highest ACF count, abrupt crypts and loss of goblet 

cells, crypts and distorted lamina propria. Conversely, treatment with IP6, IP-GNP 

and IJP-GNP tried to restore the normal structure of colonic mucosa (Figure 4.11). 
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Figure 4.11 (A-E) Methylene blue stained colon tissues: A- normal control, B- toxic 

control, C- standard, D- IP-GNP and E- IJP-GNP,  denotes aberrant crypts; (F-J) 

SEM (500X): F- normal control, G- toxic control, H- standard, I- IP-GNP and J- IJP-

GNP,  denotes aberrant crypts/ neoplastic lesions; (K-O) histopathological 

evaluation: K- normal control, L- toxic control, M- standard, N- IP-GNP and O- IJP-

GNP,  denotes aberration in colonic mucosa 

4.9.21. Evaluation of altered gene expressions 

Change in expressions of PI3K, Akt, and COX-2 genes was scrutinized through 

western blot and RT-PCR for protein and m-RNA levels respectively. Normal control 

was taken as the baseline (assumed with no up/ down regulation) and all comparisons 

were made with respect to it. The expressions of PI3K, Akt, and COX-2 proteins, as 

well as mRNA, showed a significant rise after DMH administration in the toxic 

control group. Treatment with IP6, IP-GNP and IJP-GNP helped to restore the 

expressions of above-mentioned genes. IJP-GNP revealed maximum restoration of 

protein as well as mRNA levels (Figure 4.12). 

COX-2 



Pectin encrusted gold nanocomposites containing IP6 and jacalin to target colon cancer 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 97 
 

 

Figure 4.12 Effect of IP6, IP-GNP and IJP-GNP on DMH induced dysregulation of 

PI3K, Akt and COX-2. Quantitative analysis at the protein level (A and C) and at 

mRNA level (B and D). †p< 0.05, †† p < 0.01, ††† p < 0.001 (with respect to normal 

control) and *p< 0.05, ** p < 0.01, *** p < 0.001 (with respect to toxic control) 

4.9.22. Serum metabolic profiling using 
1
H NMR spectroscopy 

The representative 1D 
1
H CPMG NMR spectra of rat serum samples were obtained 

from different groups with the assigned resonances of relevant metabolites as shown 

in Figure 4.13. The major metabolites shown in the spectra were identified as per data 

reported in the literature and the Human Metabolome Database. The NMR spectra 

displayed signals from many metabolites including lipids/lipoproteins, 

polyunsaturated fatty acids (PUFAs) and amino acids (e.g. alanine, leucine, 

isoleucine, phenylalanine, valine, glutamine, lysine, histidine, tyrosine, glutamate 

etc.). Other recognized metabolites were glucose, creatine, creatinine, choline, acetate, 

pyruvate, citrate, ethanol, methanol and lactate. The multivariate data analysis was 

done to examine the DMH induced metabolic alterations and furthermore to reveal the 

effect of prepared formulations on these alterations, Figure 4.13 and 4.14. 
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Figure 4.13 Stack plot of representative 1D 800-MHz 
1
H CPMG NMR spectra (δ 0.7-

4.6 and δ5.2-8.6) of rat serum of TC: Toxic control; TII: IJP-GNP; TI: IP-GNP; Std: 

IP6; NC: Normal control. The region of δ 5.2-8.6 (B) is magnified 8 times compared 

with the corresponding region of δ 0.7-4.6 (A) for the purpose of clarity. LDL/VLDL: 

Low/very-low-density lipoproteins; PUFA: polyunsaturated fatty acids; Ile: 

isoleucine; Leu: leucine; Val: Valine, Pyr: pyruvate; Ch: choline; GPC: 

glycerophosphocholine; Glucose resonances have been indicated using the symbol 

asterisk “*”; NAG: N-acetyl glycoprotein; OAG: O-acetyl glycoprotein; DMA: 

Dimethylamine 

 

Figure 4.14 Representative box-cum-whisker plots showing quantitative variations of 

relative signal integrals for serum metabolites. Boxes denote interquartile ranges, 

horizontal line inside the box denote the median, and bottom and top boundaries of 

boxes are 25
th

 and 75
th

 percentiles, respectively. Lower and upper whiskers are 5
th

 and 

95
th

 percentiles, respectively. TC: Toxic control; Std: IP6; T1: IP-GNP; T2: IJP-GNP; 

NC: Normal control 
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4.9.23. Metabolic changes 

Unsupervised Principal Component Analysis (PCA) score plot was made for a 

primary overview of the data sets that demonstrated a clear trend of clustering in 

different groups and no outlier sample was seen(Figure 4.16). To obtain satisfactory 

classification and select metabolite markers, the pair-wise Partial Least Squares 

Discriminant Analysis (PLS-DA) analysis was performed further on NMR data 

matrices. The combined PLS-DA score plot for all the groups (Figure 4.15) and pair-

wise PLS-DA score plots revealed that the DMH treated rats are significantly 

different from normal control (NC) group with a raised quality of fit and predictability 

(R
2
 = 0.98, Q

2
 = 0.94), which suggested significant metabolic changes in DMH 

treated rats when compared to NC. The metabolites which are responsible for 

discrimination of the two groups are shown in the loading plot in the prior latent 

variable of PLS-DA. The loading plots were colour-coded as per their absolute value 

of correlation coefficients (|r|), where a hot-coloured signal (red) designated more 

significant contribution to class separation than cold-coloured ones (blue). The 

significantly distinctive metabolites were determined according to values of variable 

importance on projection (VIP) scores, >1 and p<0.05. A number of metabolites were 

varied in the DMH treated group as compared to the normal control group. It was 

observed that DMH treated rats had higher levels of lipids, VLVL/LDL lipoprotein, 

PUFAs, lactate and pyruvate in their sera, on the contrary, they showed decreased 

levels of glucose and several amino acids when compared with the normal control 

group.  

 

Figure 4.15 (A) PLS-DA score plot derived from 1D CPMG spectra of toxic control, 

standard, IP-GNP, IJP-GNP and normal control groups. (B) Variable importance in 

projection (VIP) plot demonstrating the metabolites responsible for the separation of 

various groups in the corresponding score plot shown in (A) 
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Figure 4.16 PCA score plot derived from 1D CPMG spectra of toxic control, 

standard, PA-PGNP, PA-J-PGNP and normal control groups 

 

Figure 4.17 (A) PLS-DA score plot derived from 1D CPMG 
1
H NMR spectra of 

serum samples obtained from normal control and DMH treated rats. (B) shows the 

corresponding colour-coded coefficient loading plot demonstrating the metabolites 

responsible for the discrimination of two groups. Peaks in the positive direction (>0) 

indicate the metabolites which are more abundant in the toxic control group and 

consequently, metabolites which are less abundant in the TC group are presented as 

peaks in the negative direction 
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The PLS-DA score plot shown in Figure 4.15 and 4.17 illustrates a marked 

discrimination between DMH treated rats and the group of rats which received the 

treatment with IP6 and formulation(s). Furthermore, it was found that the some of the 

metabolic alterations were observed in DMH treated group got ameliorated as an 

effect of IP-GNP and IJP-GNP treatment. Figure 4.14 displays the representative box-

cum-whisker plots of the normalized integral area of a few metabolites which were 

modulated as a result of the action of IP-GNP and IJP-GNP treatment. 

4.10. Discussions 

IJP-GNP were produced by utilizing a green method of one-pot reduction of 

chloroauric acid by using pectin as reducing/ capping agent and jacalin as a surface 

modification agent. The inclusion of pectin as a reducing or capping agent was incited 

by virtue of it being a natural substance. Furthermore, pectin is a non-toxic agent and 

has the presence of carboxylate units that facilitates activation through jacalin. Jacalin 

is a lectin protein which has the ability to recognize as well as target tumour linked 

disaccharides which are largely expressed in almost all tumour cells. It contains 

functional groups like hydroxyl and amine that facilitate pectin activation [26, 55, 57]. 

In present studies, nanoparticles were selected for the purpose of drug attachment on 

to the pectin with gold as a core and jacalin and IP6 as the corona. Pectin assumed to 

facilitate interaction between the drug and the gold core. For this purpose, smaller 

nanoparticles may provide a much larger surface area, conversely, if bigger particles 

were utilized as the core they could have provided a higher volume but the lower 

surface area and hence gold nanoparticles proved to be a better choice. The change of 

colour from pale yellow to reddish purple confirmed the synthesis of P-GNP. The 

SPR of Au
+
 is responsible for the colour change phenomenon. When chloroauric acid 

was added to the pectin solution, –OH group of pectin would have bound to gold ions, 

probably through electron-rich oxygen atoms of –OH groups, as is anticipated to 

show interaction in an alkaline environment with electropositive metal cations. This 

would cause a reduction of Au
+
 ion to elemental gold. Moreover, pectin may also be 

involved in aggregation prevention through the layer formed on the gold 

nanoparticles, thereby acting as a reducing as well as capping agent [26, 55, 58]. The 

UV–visible spectra of formulations displayed absorption maxima at 520–530 nm 

which signified the formation of GNP [58]. Particle size increased with increasing 

concentration of chloroauric acid. According to previous researches, pectin functions 
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as a capping agent and also as a good stabilizer [55, 58]. Thus, when the concentration 

of chloroauric acid increased without increasing concentration of pectin, then less 

reducing and capping agent will be available which may contribute to increase in size 

of IJP-GNP. Consequently, the particle size of IJP-GNP can be controlled by 

regulating the concentration of chloroauric acid. The prepared metal particles were 

homogenous, as PDI values were < 0.5 for each concentration. Drug loading 

decreased with increasing concentration of chloroauric acid which may be attributed 

to the larger surface area of smaller particle size of metal nanoparticles that may allow 

attachment of more amounts of drug molecules. As a matter of fact, particle size 

below 100 nm may lead to nanotoxicity subsequent to internalization & non-

biodegradability. Moreover, batch prepared with 3 mM (F3) of chloroauric acid 

showed optimum particle size and drug loading. FTIR analysis of IJP-GNP exhibited 

the shift in peaks of amines (1655.9 cm
-1

, 1515.0 cm
-1

 and 1203.2 cm
-1

) and hydroxyl 

(3417.5 cm
-1

) of jacalin and IP6 respectively which may be due to their involvement 

in complex formation.  Further, the spectra of IJP-GNP displayed all the characteristic 

peaks of IP6 and jacalin suggesting the surface decoration through corona of IP6 and 

jacalin. The absence of the peak of gold signified the complete coverage by this 

corona. Lesser drug release observed at acidic pH and higher in alkaline pH may be 

due to the fact that the pectin contains carboxyl groups in its structure which ionizes 

in neutral to alkaline pH. Besides, pectin degrades in the colonic microflora [59, 60]. 

Due to the ionization/ enzymatic degradation of pectin, the corona containing jacalin 

and IP6 would breakdown thereby releasing the drug in this particular pH. 

Morphological analysis of IJP-GNP through TEM revealed a corona surrounding the 

particulate surface which may be due to the formation of a layer of jacalin and IP6 

around the P-GNP.  

Cytotoxicity evaluation through MTT assay revealed that, in any case, IJP-GNP all 

the more adequately repressed HCT-15 cells when contrasted with other formulations 

and standard IP6. This superior inhibition effect may be attributed to the better 

cellular interaction due to the presence of jacalin protein, which has the property of 

recognition and attachment to the cancerous cells [13, 61, 62]. Thus IJP-GNP could 

have penetrated to cause maximum cell death. The inhibitory effect of IJP-GNP was 

found to be in accordance with earlier reports which projected IP6 as a potential 

antiangiogenic agent [63, 64]. The comparable IC50 value for IP6 has been accounted 
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by different analysts [65]. Besides, IP6 containing formulations did not indicate 

cytotoxicity against NCM460, which may be due to the use of naturally existing 

agents. Furthermore, it is the inherent property of IP6 that it affects only the cancerous 

cells and does not invade the normal cells of the body [24, 64]. This cytotoxicity 

information recommended that IJP-GNP was the most active formulation against 

HCT-15 in contrast with different formulations tested and also was safe for normal 

cells. As IJP-GNP was found most effective, thus, it was taken for further evaluations. 

As per colony forming assay, a huge reduction (P <0.05) in the number of colonies 

formed under the different time intervals was seen when compared with untreated 

cells. This was attributed to the longer inhibition of the effect of IP6 loaded 

formulations. Further, it was indicated that IJP-GNP could cause cytotoxicity as well 

as inhibition. Cell cycle analysis displayed that mostly, IJP-GNP analysis is seen to 

induce G2/M arrest. In this perspective, we trust that the G1 arrest in cell cycle 

examination may recommend mitotic slippage into pseudo G1 followed by cellular 

termination. Low concentration of IJP-GNP (10 µM/ml) appeared to instigate G1 

arrest. This effect of IJP-GNP may be attributed to the presence of IP6 as it is well 

known to show G1 arrest and apoptotic death of cancerous cells [66]. However, 

induction of cell cycle arrest in cancer cell lines constitutes one of the most prevalent 

strategies to stop or limit cancer spreading.  Apoptosis induction studies revealed 

Shrunken nucleus, peripherally clumped and fragmented chromatin was seen 

following the treatment with IJP-GNP formulation, a typical characteristic of cells 

when undergoing apoptosis (Figure 4.7), which indicates the effective apoptosis due 

to the presence of IP6 [64, 66]. IJP-GNP displayed a time as well as dose-dependent 

increase of apoptotic cells (AnnexinV-FITC stained) and nonspecific necrotic (PI 

stained) population in the treatment when compared to untreated vehicle control, 

which is again indicating the call of apoptotic effect of IP6. Furthermore, 

accumulation of ROS is coupled with rise in oxidative stress and implicates the 

pathogenesis of several diseases together with cancers [67]. The results of the 

quantitative measurement of ROS revealed that 10 µM/ml of IJP-GNP induced 

104.43% (p<0.05) enhancement in ROS production as compared to control. 

Moreover, ROS production was increased by 160.53% (p<0.05) at 15 µM/ml of IJP-

GNP when compared to untreated cells. During apoptosis, ROS was produced by 

mitochondria which was responsible for raising the mitochondrial membrane 

permeability and lead to the apoptotic phenotype [68]. Our results clearly stated that 



Pectin encrusted gold nanocomposites containing IP6 and jacalin to target colon cancer 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow Page 104 
 

IJP-GNP triggered the cells death by ROS generation. As per in-silico analysis, 

molecules violating more than one of the Lipinski’s rules may have problems with 

bioavailability. The combination of GPCR, ion channel modulator, kinase inhibitor, 

nuclear receptor ligands, protease inhibitor and enzyme inhibitor is assigned as 

druglikeness score that has been used to investigate the compounds potential to 

qualify as a drug. As a general rule, the larger the bioactivity score, the higher is the 

probability of the particular molecule to be active [69]. Therefore, a molecule having 

bioactivity score more than 0.00 is most likely to possess considerable biological 

activities, while values -0.50 to 0.00 are expected to be moderately active and if the 

score is less than -0.50 it is presumed to be inactive [70]. On this basis, the obtained 

values of druglikeness score showed that IJP-GNPS exhibited good druglikeness 

score (>0.50) when compared with the standard drug, IP6 (Table 4.5 and 4.6). The 

greater binding energy was observed in complex IJP-GNP as compared with single 

binding with IP6 as well as P-GNP with jacalin. The docking results revealed the 

interactive properties of IP-GNP complex with jacalin and suggested that it could 

inhibit tumour formation activity and supported further in-vitro studies, which proved 

that the IJP-GNP may inhibit the growth of colon cancer. This could be one of the 

mechanisms by which the complex of IJP-GNP exerts its chemopreventive or 

chemotherapeutic effects.  

In-vivo studies displayed that, depreciated ECG and HRV are related with cancer 

patients. Higher HRV is linked with the low-level tumour markers and lower HRV is 

coupled with the autonomic dysfunction in advanced cases of cancer. A similar 

pattern of reduced HRV was apparent in the DMH treated animals, in time as well as 

frequency domain. Application of IP6, IP-GNP and IJP-GNP revealed considerable 

restoration of time and frequency domain paradigms towards normal values (Table 

4.8 and 4.9) which may be due to the action of IP6. Oxygen radicals supplement all 

stages of the multistep process of cancer progression [71]. There is an established 

connection between colon cancer progression and serious oxidative stress. Previous 

studies have reported raised levels of lipid peroxide and protein carbonyl and reduced 

SOD, catalase and GSH in clinical stage IV of colon cancer [72]. Present studies, also 

inveterate the decrease in SOD, catalase and GSH levels in colon tissue of DMH 

treated animals which may be due to the initiation of colon cancer [73, 74]. IJP-GNP 
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displayed maximum restoration (Table 4.11) of these biochemical changes towards 

normal validating the maximized efficacy of IP6 in the form of IJP-GNP.  

Cell deterioration and abnormal proliferation lead to abnormalities in the architecture 

of crypts known as aberrant crypts, which ultimately cause invasive cancers [75, 76]. 

The highest restoration was of ACF count by IJP-GNP (Figure 4.11) which may be 

because of targeted delivery into the affected cells due to the presence of jacalin. The 

histopathological analysis of normal colon tissue depicted three layers including 

mucosa, submucosa and muscularis. The intact architecture of colonic mucosa was 

seen in the normal control group describing all the three layers, in contrast to the toxic 

group animals which showed abrupt/ impaired arrangement of cells (Figure 4.11(L)). 

The IJP-GNP application showed maximum similarity with the normal control group 

which could again be a call out of targeting to the required site because of jacalin.  

Earlier studies have reported the involvement of IP6 in the inhibition of PI3K/Akt [2, 

77] and β- catenin and COX-2 [78] pathways. Consequently, we found it significant 

to analyze the efficacy of IP6 formulation(s) against DMH induced dysregulation of 

PI3K, Akt and COX-2. PI3K is a lipid kinase and a second messenger which 

translocates Akt to the plasma membrane, where it phosphorylates to activate PDK1 

and PDK2. Variations in the PI3K-Akt signalling pathway have already been seen 

frequently in human cancers. The developments, as well as the progression of cancers, 

are the result of interruptions in the equilibrium of cell proliferation and cell 

apoptosis. Eventually, PI3K-Akt signalling is associated with both of these events and 

imparts a vital role in tumour growth as well as tumour treatment [2, 79]. DMH 

treatment revealed significant upregulation of PI3K and Akt at protein and mRNA 

levels. Application of IP-GNP and IJP-GNP conveyed favourable restoration. To 

further boost up the pondering, we examined the expression of COX-2. COX-2 is a 

well documented inflammatory marker involved in tumour progression [80]. DMH 

application prompted a significant upregulation of the COX-2 protein and mRNA 

expression, in toxic control. Concomitant application of the IP-GNP and IJP-GNP 

displayed significant restoration (Figure 4.12) which validated the inhibitory action of 

IP6 for aforesaid enzymes. 

1
H NMR based metabolic profiling was carried out to explore the biochemical 

changes linked with colon cancer and to further examine how these changes get 

modulated in rats receiving the treatment with IP6 formulation(s). Increased levels of 
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lipoproteins and PUFAs in DMH treated animals entails rapid cellular regeneration 

and the high cancer cell lipid demand for cell membrane biosynthesis [81]. The lesser 

concentration of choline and its derivatives may be correlated with the rapid cellular 

regeneration in tumours. Serum creatine was lowered considerably in DMH treated 

rats and this can be associated with the increase in energy consumption due to rapid 

cell division. Raised levels of amino acids in DMH rats suggest an increased 

catabolism because of the rapid cell proliferation [82, 83]. Furthermore, a reduced 

level of glucose designated the increase in glucose metabolism through glycolysis to 

generate ATP instead of oxidative phosphorylation that enhances the glucose uptake 

in tumour cells to meet the energy requirement of fast proliferation. The higher 

glycolytic rates in tumour cells also result in the generation of huge quantities of 

lactate from pyruvate and thus supported our result of raised serum levels of lactate in 

toxic control rats. The observed lowering of levels of glucose and an increase in 

lactate levels are consistent with earlier researches dealing with human rectal cancer 

[84]. Dimethylamine, a product of choline metabolism, was also observed to be 

altered in the DMH treated rats demonstrating the interruption of choline metabolism. 

Furthermore, the raised serum levels of N- and O-acetyl glycoproteins imitate a 

nonspecific inflammatory response in DMH treated rats. The disturbed metabolic 

pathways discussed above lead us to infer the acceleration of cell proliferation in the 

process of tumour formation, hyperplasia in colonic mucosa and rise in inflammation 

in DMH taking rats. Almost all metabolic changes in DMH treated animals were 

returned back towards normal after IP6 formulation(s) applications, signifying that the 

formulation(s) has potential to normalize the DMH altered metabolic changes. 

4.11. Conclusions 

The formulations, P-GNP, IP-GNP and IJP-GNP were prepared and evaluated 

successfully. Formulations were screened for the anticancer studies on the basis of the 

cytotoxicity observed on HCT 15 cells in a dose and time-dependent manner. 

Amongst all, IJP-GNP was found to be the most potent formulation with the lowest 

IC50 value. IJP-GNP caused cell cycle arrest at the G0/G1 phase, induced ROS and 

subsequent apoptosis. The docking results showed that the interactive properties of 

IP-GNP complex with jacalin could inhibit the tumour formation activity and 

supported in-vitro studies, which proved that the IJP-GNP inhibited the growth of 

colon cancer. Furthermore, in-vivo studies suggested that IJP-GNP displayed 
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significant effect against progression of colon carcinogenesis by positively 

modulating the physiological markers, hemodynamic changes, oxidative stress, 

inflammatory markers and serum metabolomics. All in all, results confirmed that IP6 

formulation(s) could constitute a promising tool for the anticipation of DMH induced 

neoplastic damage, dysregulation of proliferation markers and metabolic changes.  
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Summary  

Many efforts are being made to triumph over cancer amongst which, the use of 

natural constituents as chemopreventive, as well as chemotherapeutic agents, have 

shown a rise, because of their safety, availability and general acceptance. Inositol 

hexaphosphate (IP6) is as such a natural bioactive constituent of cereals, legumes etc. 

Various researchers have already proved that the intake of IP6 containing legumes is 

connected with the lowering of cancer incidences. Instead, this potent bioactive 

carbohydrate is not very popular in cancer therapy due to its shortcoming of fast 

chelation and elimination from the body, within an hour of administration. Present 

studies focus on the development of a suitable dosage form(s) of IP6 that may 

enhance its residence time, thereby increasing its chemopreventive as well as 

chemotherapeutic effect.  

The size of nano-material is the property that makes them ideal for increasing 

residence time, surface area, higher drug loading, rapid commencement of therapeutic 

action etc. Anticancer drugs in nanoformulations display superior therapeutic index as 

a result of improved pharmacokinetics, distribution and accumulation of drug at the 

tumour site. The nano-sized system exhibited more permeability into the tumour site, 

as tumour sites have a leaky vasculature. Consequently, nano drug delivery systems 

can be successful tools for anticancer therapy. Thus, the preparation and evaluation of 

IP6 containing nanoformulations were explored in this research work.  

Experimental section was divided into two parts: part I deals with the preparation and 

evaluation of IP6 loaded niosomal suspension and part II deals with the preparation 

and evaluation of IP6 loaded gold nanoparticles. 

Identification of drug sample was performed through melting point and FTIR 

analysis. Melting point was found to be in the range of 22-25°C. FTIR analysis 

displayed the characteristic peak at 3430.3 cm
-1 

which relates to OH stretching, peaks 

near 1662.1 cm
-1 

was probably due to the carboxyl group and at 1061.5 cm
-1 

allocated 

the phosphate radical or hydrogen phosphate radical. The results were similar as 

reported earlier, indicating the purity of the drug sample. The standard curve of the 

drug was prepared by using UV-visible spectroscopy method as reported by Haug and 

Lantzsch. Standard solution of IP6 (100 μg/mL) was prepared and scanned in the 

range of 400-600 nm using distilled water as the blank. The λmax of the drug was 
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found to be 520 nm. Straight fit equation (y = -0.030x + 1.041) thus obtained was 

utilized for further quantification of IP6 in various samples. 

In part I of the experiment, the IP6 loaded niosomal suspension was optimized, 

developed and characterized for intended topical drug delivery against skin cancer. A 

2
3
 (two-level, three-factor) full factorial experimental design was utilized for 

statistical optimization of the formulation variables, in the preparation of IP6 

niosomes. For the purpose, three independent variables (cholesterol: surfactant ratio, 

sonication time and dicetylphosphate (DCP) concentration) and two dependent 

variables (particle size and encapsulation efficiency) were taken. Nine batches of 

different combinations were developed and evaluated. 

Unilamellar niosomal vesicles were prepared from surfactant (Span 80), cholesterol 

and DCP, by utilizing thin film hydration method. Prepared niosomal vesicles were 

analysed for particle size, polydispersity index (PDI), zeta potential, encapsulation 

efficiency, in-vitro drug release, morphology and stability testing. 

Particles size range was observed between 268.9±3.8 nm to 965.5±5.2 nm and the 

PDI value ranged from 0.212±0.18 to 0.431±0.15. The vesicles with diameter ≤ 600 

nm may penetrate into deeper layers of skin and consequently raise the possibility of 

systemic absorption. Since a topical effect was required, therefore, the IP6 loaded 

niosomal formulations which showed particle size of more than 600 nm were 

considered further for the studies.  

IP6 was efficiently incorporated into niosomal vesicles with encapsulation efficiency 

ranging from 11.3±2.9 to 82.9±2.6%. It was seen that the encapsulation efficiency 

moved parallel with particle size. Greater encapsulation was observed in larger 

vesicles and vice-versa. Zeta potential values were found to be in the range of -6±0.21 

to -36±0.36. Batches which did not contain DCP revealed lower values and those 

which contained it, displayed higher values of charge, as DCP is a negative charge 

inducing agent. The in-vitro drug release of optimized formulation, at the end of 24 h 

was found to be 97.61±1.39%. The release kinetics of formulation was best explained 

by Higuchi’s equation, as the plot showed the maximum linearity (R
2
= 0.9627) 

followed by zero order (R
2
 = 0.8107) kinetics. To observe the morphology of 

niosomes, various microscopic studies were performed and were found to be spherical 

in shape. IP6 loaded niosomes were tested for stability testing. Results of stability 
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studies showed that prepared niosomal formulation was stable till 180 days at room 

temperature. All the parameters were found stable during the analysis and significant 

degradation was not observed during storage at the temperature of 30°C±2°C and 

60%±5% relative humidity. After analyzing the above mentioned pharmaceutical 

parameters, niosomes were further dispersed in a suspension to make them suitable 

for topical application.  

The suspension was prepared through emulsification and analysed for pH, viscosity, 

texture, in-vitro skin permeation, irritation, in-vitro cell proliferation/ cytotoxicity 

against human cancer cell lines and in-vivo studies. On visual inspection, the 

developed niosomal suspension revealed good homogeneity. pH of the suspension 

was found to be 6.9±0.002 (similar to skin pH range) and its viscosity was seen to be 

9650±50.0 cp with spindle number 3. Regarding the texture parameters, firmness was 

found to 19 g, spreadability value was 1.5 mJ and extrudability was found to be 55.6 

mJ. Physicochemical parameters revealed that IP6 loaded niosomal suspension could 

be applied topically by application of a small amount of shear.  In-vitro skin 

permeation studies were done with Swiss albino mice skin in which niosomal and 

plain IP6 suspensions were compared. Observation detailed that none/ negligible 

quantity of IP6 was left unabsorbed on the skin surface after 24 h, in the case of both, 

plain IP6 suspension as well as niosomal suspension of IP6. The cumulative amount 

of IP6 permeated from plain IP6 suspension was higher than that of niosomal 

suspension. The lower flux of niosomal suspension displayed prolonged drug release 

behaviour. Hen’s Egg Test on the Chorioallantoic Membrane (HET-CAM) was used 

to examine the skin irritancy of the developed formulations. The irritation score was 

observed to be in the range of 0 to 0.42±0.03, which confirmed the formulation to be 

non-irritant. Studies revealed that the formulation was well tolerated. The cytotoxicity 

studies displayed significant changes in the tested cell lines and lead to inhibition of 

cell proliferation and apoptosis after the application of the niosomal formulation. IP6 

pure displayed IC50 value at the concentration of 1.39 mM , whereas niosomal 

suspension displayed a value of 0.96 mM, i.e., niosomal suspension loaded with IP6 

was significantly (p<0.05) more effective than pure IP6. IP6 in niosomal suspension 

displayed superior inhibition which may be attributed to the fact that niosomes in 

suspension displayed better interaction with lipid layer of the cell and hence 

micronized drug particles could have penetrated easily to lead to the maximum 
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percentage of cell death. Inhibitory effect of the niosomal suspension was seen to be 

in concordance with previous reports which projected that IP6 is a potential 

antineoplastic agent. Thus, it was considered worthwhile to evaluate the in-vivo 

efficacy of prepared formulations against DMBA induced dysregulation of markers 

pertaining to cellular proliferation/ differentiation and inflammation.  

A short-term in-vivo study was performed taking Swiss albino mice as the model. 

7,12-Dimethylbenzanthracene (DMBA, carcinogen) applied to induce dysregulation 

of proliferation markers (ODC, PCNA, COX-2 and cyclin D1) and the effect of 

formulation for inhibition of the dysregulation was estimated through western blotting 

(for protein levels) and RT-PCR (for m-RNA levels). Results revealed that IP6 loaded 

niosomal formulation marginalized the deleterious effect of DMBA and displayed 

favourable regulation towards the normal, when compared with IP6 alone and IP6 

plain suspension. During the histopathological studies, the control group animals 

showed no alterations in the epidermal thickness. Significant hyperplasia was seen in 

DMBA treated skin with the increase in time. IP6 niosomal suspension displayed a 

better reduction in skin thickness when compared with the standard.  

For part II of the experimental section, pectin encrusted gold nanoparticles containing 

IP6 were prepared with and without jacalin, by using reduction followed by 

incubation method. The inclusion of pectin as a reducing or capping agent was incited 

by virtue of it being a natural and nontoxic agent containing carboxylate unit which 

facilitated activation through jacalin. Jacalin is a lectin protein which has the ability to 

recognize and target tumour linked disaccharides which are over-expressed in almost 

all tumour cells and contain functional groups like hydroxyl and amine that facilitate 

pectin activation. By varying concentration of chloroauric acid (1, 2 and 3 mM), three 

different batches of formulations were prepared and characterised for particle size, 

PDI and drug loading. Particle sizes of prepared IP6-jacalin-pectin-gold nanoparticles 

(IJP-GNP) were found to be 67.4±2.38 nm, 128.29±3.12 nm and 283±4.94 nm 

respectively. Particle size increased with increasing concentration of chloroauric acid. 

Pectin may perform the dual function of a capping agent and may prove to be a good 

stabilizer. Thus, when the concentration of chloroauric acid increased without 

increasing concentration of pectin, then lesser reducing and capping agent may have 

been available which lead to an increase in size of nanoparticles. Thus, it was 

concluded that the particle size can be controlled by regulating the concentration of 
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chloroauric acid. The formulation showed PDI values of 0.24, 0.29 and 0.32 

respectively. The prepared metal particles were homogenous, as revealed by PDI 

values were < 0.5 for each concentration. Percentage drug loaded was found to be 

81.63±1.21%, 78.86±1.98% and 76.1±2.69 % respectively. Drug loading decreased 

with increasing concentration of chloroauric acid which may be attributed to the 

larger surface area of smaller metal nanoparticles which would allow attachment of an 

increased number of drug molecules.   

Formulation made with 3mM of chloroauric acid displayed required characteristics 

and was taken up for further analysis. Formulation was analysed for FTIR, 

morphology, in-vitro cell line studies to estimate their potential against human colon 

cancer cells (HCT 15) and in-vivo studies in Wistar rat model. FTIR spectroscopy of 

pectin, chloroauric acid, IP6, jacalin and IJP-GNP was performed. All the excipients 

showed their characteristic peaks. In case of pectin, the peaks were observed at 2935.8 

cm
-1

 and 1746.8 cm
-1

 which correspond to C-H and C=O bond vibrations. For 

chloroauric acid, the peaks at 1631.4 cm
-1

 and 3389.8 cm
-1

 corresponds to C-O and -

OH stretches respectively. Peaks near 1654.4 cm
-1 

showed the main vibrational bands 

of amide groups of jacalin and the bands near 1378.8 cm
-1

 displayed vibrational mode 

of the COOH and C-O groups of aspartic acid, glutamic acid like amino acids, present 

in jacalin.  Peak near 3430.3 cm
-1

 in case of IP6 relates to OH stretching. IJP-GNP 

revealed the shift in peaks of hydroxyl and carbonyl groups and also displayed all the 

characteristic peaks of IP6 and jacalin. It also exhibited the shift in peaks of amines 

(1655.9 cm
-1

, 1515.0 cm
-1

 and 1203.2 cm
-1

) and hydroxyl (3417.5 cm
-1

) of jacalin and 

IP6 respectively which may be due to their involvement in complex formation.  

Further, the spectra of IJP-GNP displayed all the characteristic peaks of IP6 and 

jacalin suggesting the corona of IP6 and jacalin. The absence of the peak of gold 

signified the complete coverage by this corona. In-vitro drug release was observed to 

be significantly low in acidic pH, which increased after changing the pH of media to 

6.8 and was found to be even higher with media containing cecal content of pH 7.4. 

Lesser drug release at acidic pH and higher in alkaline pH indicated that the pectin 

contains carboxyl groups in its structure which ionize in neutral to alkaline pH. 

Besides, pectin degrades in the colonic microflora. Due to the ionization/ enzymatic 

degradation of pectin, the corona containing jacalin and IP6 would breakdown thereby 

releasing the drug in this particular pH. Morphological evaluation of P-GNP through 
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TEM displayed spherical shape, while IJP-GNP revealed a corona surrounding the 

surface.  

Synthesized formulations (P-GNP, IP-GNP and IJP-GNP) were evaluated for their 

anti-cancer activity along with IP6 (as standard) against the development of HCT-15, 

in a dose as well as time-dependent way by MTT assay. IJP-GNP was found to be the 

most effective formulation in the arrangement with the least IC50 value at the 

concentration of 15 µM/ml at 24 h treatment and sub IC50 value at 10 µM/ml at 48 h 

against standard medication IC50 value at 30 µM/ml at 24 h and sub IC50 value at 15 

µM/ml at 48 h against colon cancer cells. This superior inhibition effect may be 

attributed to the better cellular interaction due to the presence of jacalin protein, which 

has the property of recognition and attachment to the cancerous cells. IP6 containing 

formulations did not indicate cytotoxicity against human normal colon cells 

(NCM460) which may be attributed to the use of natural agents. Since IJP-GNP was 

found to be more effective, thus it was taken up for further evaluations. In colony 

forming assay, the number of colonies diminished with respect to increment in the 

time of treatment with IJP-GNP formulation (192 colonies). The untreated HCT 15 

cells were found to create an extreme of 210 colonies after 24 h. This signified a 

longer inhibitory effect of IP6 loaded formulations, as envisaged. Cell cycle analysis 

displayed the percentage of HCT cells in the G0/G1 stage for IJP-GNP. Low 

concentration of IJP-GNP (10 µM/ml) also displayed an induction of G1 arrest, 

confirming the effect of IP6 as earlier reported. Apoptosis assay was utilized in order 

to evaluate nuclear morphology in response to the IJP-GNP formulation. Shrunken 

nucleus, peripherally clumped and fragmented chromatin was observed following the 

treatment with the IJP-GNP formulation, indicating effective apoptosis due to the 

presence of IP6. In order to evaluate nuclear morphology in response to IJP-GNP 

treatment, DAPI staining through microscopy was performed. To further confirm our 

deliberations regarding cell growth inhibition associated with physiological apoptosis, 

AnnexinV-FITC and PI dual staining was also carried out using flow cytometer. IJP-

GNP displayed time as well as dose-dependent increase of apoptotic cells and 

nonspecific necrotic population. The results of the quantitative measurement of ROS 

revealed that 10 µM/ml of IJP-GNP induced 104.43% (p<0.05) enhancement in ROS 

production as compared to control. Moreover, ROS production was increased by 

160.53% (p<0.05) at 15 µM/ml concentration of IJP-GNP when compared to 
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untreated cells. Results clearly stated that IJP-GNP triggered the cells death by ROS 

generation. In-vitro studies were also correlated with the in-silico approach to study 

inter-molecular interactions between IP6, P-GNP and jacalin protein. The molecular 

properties and bioactivity of the leading compounds were determined by using online 

data server Molinspiration. The obtained values of druglikeness score showed that 

IJP-GNP exhibited good druglikeness score (>0.50). IP6, as well as P-GNP with 

jacalin protein, displayed a docking score of 4098 and 2096 respectively, as compared 

to the docking score of IJP-GNP complex, which displayed a docking score of 4422. 

Greater binding energy and binding sites were seen in complex IJP-GNP when 

compared with single binding of IP6, as well as P-GNP with jacalin. The docking 

results showed that interactive properties of IP-GNP complex with jacalin could 

inhibit the tumour formation activity and supported in-vitro studies.  

During in-vivo studies, dimethylhydrazine (DMH) was administered subcutaneously 

to induce colon cancer. Animals were scrutinized for their electrocardiogram (ECG) 

and heart rate variability (HRV) paradigms and blood was collected through the retro-

orbital plexus. The blood serum, colon tissue and colon content were collected and 

stored for further analysis. Colon content was estimated for pH and total acidity. 

Colon tissue was examined for aberrant crypt foci (ACF), morphological evaluation 

by SEM and histopathology, biochemical changes, western blotting and RT-PCR. 

Blood serum was utilized for serum metabolomics assay.  

IP6, IP-GNP and IJP-GNP affected diverse parameters of ECG when given to albino 

Wistar rats. Depreciated ECG and HRV values were reflected in the DMH treated 

animals, in time as well as frequency domain. Treatment with formulations revealed 

significant restoration towards normal values which may be ascribed to the action of 

IP6. The toxic group animals displayed weight loss, decrease in pH along with an 

increase in total acidity and formation of aberrant crypts when compared with control. 

Concomitant application of IP-GNP and IJP-GNP favourably regulated the weight 

and pH of the treated group animals. The total acidity along with ACF was also 

synchronized near to normal after IJP-GNP treatment. DMH application significantly 

altered the biochemical parameters (protein carbonyl, malondialdehyde (MDA), GSH, 

SOD and catalase) in the toxic control group which were found to be significantly 

normalised with IP-GNP and IJP-GNP treatments.  

COX-2 
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Toxic control animals showed highest ACF count, abrupt crypts and loss of goblet 

cells, crypts and distorted lamina propria. Treatment with developed formulations 

tried to restore the normal structure of colonic mucosa. Maximum restoration of ACF 

count was observed by IJP-GNP, which may be attributed to the targeted delivery into 

the affected cells due to the presence of jacalin. The histopathological analysis 

displayed intact architecture of colonic mucosa in the normal control, in contrast to 

the toxic group animals which showed abrupt/ impaired arrangement of cells. The 

IJP-GNP treated groups showed maximum similarity with the normal control group 

which could again be a call out of targeting the required site because of jacalin.  

Change in expressions of PI3K, Akt and COX-2 genes were scrutinized. Normal 

control was taken as the baseline (assumed with no up/ down regulation) and all 

comparisons were made with respect to it. Treatment with IP6, IP-GNP and IJP-GNP 

helped to restore the expressions of above-mentioned genes which validate the 

inhibitory action of IP6 for aforesaid enzymes. IJP-GNP revealed maximum 

restoration of protein as well as mRNA levels. 

1
H NMR based metabolic profiling was performed to explore the biochemical 

changes associated with colon cancer and to further see how these changes get 

modulated in the rats receiving the treatment with IP6 formulation(s). Increased levels 

of lipoproteins, PUFAs and amino acids were seen in DMH treated animals implying 

rapid cellular regeneration and catabolism due to the rapid cell proliferation. The 

lower concentration of choline, its derivatives and serum creatine were observed 

which can be correlated with the cellular regeneration of tumours and increased 

energy consumption due to rapid cell division. Further a decreased level of glucose 

was also observed which indicated the increase in glucose metabolism through 

glycolysis to generate ATP instead of oxidative phosphorylation which enhances 

glucose uptake in tumour cells to meet the energy requirement of quick proliferation. 

All in all, the disturbed metabolic pathways as observed, lead to infer the acceleration 

of cell proliferation in the process of tumour formation, hyperplasia in colonic mucosa 

and an increase in inflammation in DMH treated rats. Almost all metabolic changes in 

DMH treated animals returned back towards normal after IP6 formulation(s) 

treatment, suggesting that the formulation(s) has potential to normalise the DMH 

altered metabolic changes. 
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Conclusion  

The nanoformulations containing IP6 were developed and optimized successfully. 

The niosomal suspension and gold nanoparticles of IP6 were evaluated for numerous 

physicochemical parameters, in-vitro and in-vivo performances which exhibited the 

development of a consistent, stable as well as an effective delivery system for cancer 

therapy.   

IP6 niosomal suspension was found to be non-irritant, aesthetic and had desirable 

properties for the topical application. Formulation proved to possess anticancer 

activity and induced apoptosis in SK-MEL-2 cancer cell lines. The DMBA altered 

expression of ODC, PCNA, COX-2 and Cyclin D1 was significantly prevented by 

concomitant application of niosomal formulations.  

The gold nanoparticles (P-GNP, IP-GNP and IJP-GNP) were screened for the 

anticancer studies on the basis of the cytotoxicity observed on HCT 15 cells in a dose 

and time-dependent manner. Amongst all, IJP-GNP was found to be the most potent 

formulation with lowest IC50 value. IJP-GNP caused cell cycle arrest at the G0/G1 

phase, induced ROS and subsequent apoptosis. The docking results showed that the 

interactive properties of IP-GNP complex with jacalin that could inhibit the tumour 

formation activity and supported in-vitro studies, which proved that the IJP-GNP 

inhibited the growth of colon cancer. Furthermore, in-vivo studies suggested that IJP-

GNP displayed significant effect against progression of colon carcinogenesis by 

positively modulating the physiological markers, oxidative stress, inflammatory 

markers and hemodynamic changes.  

Taken together, all these findings suggested an effective anticancer effect of the IP6 

loaded formulations that raise the hope of future drug delivery strategy targeted to the 

numerous cancer treatments. Further studies may be performed for successive scale-

up of such formulations having drugs of natural origin, from bench to bedside. 
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vivo Evaluation. Drug Delivery and Translational Research, 2018;1-22. 

(Impact factor- 3.395) 



Appendix-I 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow  

 

8) Poonam Parashar, Chandra Bhushan Tripathi, Malti Arya, Jovita Kanoujia, 

Mahendra Singh, Abhishek Yadav, Shubhini A Saraf. Biotinylated 

Naringenin Intensified Anticancer Effect of Gefitinib in Urethane-Induced 

Lung Cancer in Rats: Favorable Modulation of Apoptotic Regulators and 

Serum Metabolomics. Artificial cell, nanomedicine and biotechnology, 

2018 (accepted manuscript) DOI:  10.1080/21691401.2018.1505738. 

(Impact factor- 3.026) 

9) Poonam Parashar, Chandra Bhushan Tripathi, Malti Arya, Jovita Kanoujia, 

Mahendra Singh, Abhishek Yadav, Shubhini A Saraf. A Facile Approach for 

Fabricating CD44 Targeted Delivery of Hyaluronic Acid Functionalized PCL 

Nanoparticles in Urethane-Induced Lung Cancer: Bcl-2, MMP-9, Caspase-9 

and BAX as Potential Markers. 2018 (accepted manuscript). Drug delivery 

and translational research. 2017:1-22. (Impact factor- 3.395) 

10) Mahendra Singh, Jovita Kanoujia, Poonam Parashar, Malti Arya, Chandra 

B. Tripathi, Vivek Sinha, Shailendra K. Saraf, Shubhini A. Saraf. 

Augmented bioavailability of felodipine through an α-linolenic acid-based 

microemulsion. Drug delivery and translational research. 2017:1-22. (Impact 

factor- 3.395) 

11) Mahendra Singh, Jovita Kanoujia, Poonam Parashar, Malti Arya, Chandra 

B. Tripathi, Vivek Sinha, Shailendra K. Saraf, Shubhini A. Saraf:, 

Assessment of improved buccal permeation and bioavailability of felodipine 

microemulsion-based cross-linked polycarbophil gel, Drug Delivery and 

Translational Research. DOI: 10.1007/s13346-018-0489-5. (Impact factor- 

3.395) 

12) Mahendra Singh, Jovita kanoujia, Pooja Singh, Poonam Parashar, Malti 

Arya, Chandra Bhusan Tripathi, Vivek Sinha, Shubhini A. saraf, 

Development of an a-linolenic acid containing soft nanocarrier for oral 

delivery part II: buccoadhesive gel, RSC Advances. 2016;6:101602-101612 

(Impact factor- 2.936) 

13) Jovita Kanoujia, Mahendra Singh, Pooja Singh, Poonam Parashar, Chandra 

Bhusan Tripathi, Malti Arya, Shubhini A. Saraf, Genipin crosslinked soy-

whey based bioactive material for atorvastatin loaded nanoparticles: 

Preparation, characterization and in vivo antihyperlipidemic study. RSC 

Advances. 2016;6:93275-93287. (Impact factor- 2.936)  

14) Mahendra Singh, Jovita Kanoujia, Pooja Singh, Chandra B. Tripathi, Malti 

Arya, Poonam Parashar, Vivek R. Sinha, Shubhini A. Saraf, Development of 

ana-linolenic acid containing soft nanocarrier for oral delivery: in vitro and 

in vivo evaluation, RSC Advances, 2016;6:77590–77602. (Impact factor- 

2.936)  

15) Samipta Singh, Mahendra Singh, Chandra Bhushan Tripathi, Malti Arya, 

Shubhini A Saraf, “Development and Evaluation of Ultra-Small 

https://doi.org/10.1080/21691401.2018.1505738


Appendix-I 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow  

 

Nanostructured Lipid Carriers: Novel Topical Delivery System for Athlete’s 

Foot” Drug delivery and translational research, 2016; 6(1): 38-47. (Impact 

factor- 3.395) 

16) Chandra B. Tripathi, Neha Gupta, Pranesh Kumar, Ashok Kumar Singh, 

Vinit Raj, Poonam Parashar, Mahendra Singh, Jovita Kanoujia, Malti Arya, 

Shubhini A. Saraf, Sudipta Saha. ω-3 Fatty Acid Synergized Novel 

Nanoemulsifying System for Rosuvastatin Delivery: In Vitro and In Vivo 

Evaluation. AAPS PharmSciTech. 2017:1-14. (Impact factor- 2.451) 

17) Md. Meraj Anjum, Jovita Kanoujia, Poonam Parashar, Malti Arya, Alok 

Kumar Yadav, Shubhini A. Saraf, Evaluation of a Polymer-Lipid-Polymer 

type of System Utilising Hybrid Nanoparticles for Dapsone as a Novel 

Antiacne Agent. Current Drug Therapy. 2016; 11(2):86-100.  

18) Mahendra Singh, Nidhi Gangwar, Poonam Parashar, Chandra Bhushan 

Tripathi, Malti Arya, Shubhini A Saraf and Sudipta Saha. Topical Delivery 

of Fluconazole via Microemulsion Incorporated Hydrogel for the 

Management of Fungal Dermatophytosis. Current Drug Therapy. 2016; 

11(2): 129-141.   

19) Anubhav Anand, Malti Arya, Gyanendra Singh, Gaurav Kaithwas, Shubhini 

A. Saraf. Design and development of Resveratrol NLCs and their role in 

Synaptic Transmission of Acetylcholine in C. elegans Model. Current Drug 

Therapy. 2017; 134-148. 

20) Md. Faheem Haider, Jovita Kanoujia, Chandra BhushanTripathi, Malti 

Arya, Gaurav Kaithwas, Shubhini A. Saraf. Pioglitazone loaded niosomes as 

vesicular carriers for anti-diabetic activity: Optimization by central 

composite design. Journal of Pharmaceutical Sciences and Pharmacology, 

2015; 2: 11–20. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Appendix-I 

 

Department of Pharmaceutical Sciences, B.B.A. University, Lucknow  

 

Conferences and workshops 

1) Oral presentation at National Conference on the topic “Being in nature helps 

in reducing stress” in “Tourists and Green Spaces: Healthier Lifestyle 

Approaches from nature”, held at B.B.A. University, Lucknow, dated 15
th 

& 

16
th

 July 2017. 

2) Presented scientific poster in International Conference on Updates in Cancer 

Prevention and Research (ICUCPR-2017) & Satellite Conference on 

Translational Research: Trends and Implications (IPCBBAU-2017). February 

14
th

-16
th 

& 20
th

, 2017.  

3) Presented scientific poster entitled “Nano-niosomes of Phytic Acid as novel 

carriers for cancer prevention: In vitro and in vivo studies” in 4
th

 Nano Today 

Conference- 2015, Dubai. December 6
th

 -10
th

, 2015. 

4) Oral presentation on the topic “Formulation and Evaluation of Herbal 

Antibacterial Cream for Treatment of Acne” in 3
rd

 Lucknow Science Congress 

LUSCON-2015 on “Hope for Society through Drug Research”, held at B.B.A. 

University, Lucknow, U.P., India. October 31
st
 - November 2

nd
, 2015. 

5) Presented scientific poster entitled “Advanced drug delivery of natural agents 

for chemoprevention” in 2
nd

 National Seminar on “Profession of Pharmacy: 

Challenges & Opportunities”, held at I.P.S.R., Lucknow, U.P., India. 18
th

 

October, 2015. 

6) Presented scientific poster entitled “Development and Characterizations of 

Layer by Layer Mucoadhesive Microcapsule of Omeprazole” at International 

Pharmaceutical Conference-2015 on “Nanoformulations and Translational 

Research: Small Getting Bigger”, held at B.B.A. University, Lucknow, U.P., 

India. February 2
nd

 – 3
rd

, 2015 

7) Presented scientific poster entitled “Development and Characterization of 

Targeted Green Nanotechnology Based Delivery System(s) for Cancer 

Therapy” at 2nd Lucknow Science Congress on “Leveraging Science and 

Innovation for Development”, held at B.B.A. University, Lucknow, U.P., 

India. March 27
th

 – 28
th

, 2014. 

8) Presented scientific poster entitled “Application of Taguchi design in 

preparation, optimization and characterization of Methotrexate Nanostructured 

Lipid Carriers” at IHPA GOLDCON- 2104 on “Restructuring Pharmacy 

Curricula: Need of Health Sector”, held at B.B.A. University, Lucknow, U.P., 

India. March 1
st
 – 2

nd
, 2014. 

9) Presented scientific poster entitled “Formulation and Evaluation of 

Nanoemulsion of Miconazole Nitrate for Treatment of Topical Fungal 

Infection” at International Conference on Pharmaceutical Sciences on Present 

Trends and Future Prospects in Pharmaceutical Sciences , held at Shri Guru 
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Ram Rai Institute of Technology and Science, Dehradun, Uttarakhand, India. 

February 14
th

 – 15
th

, 2014. 

10) Presented scientific poster entitled “Formulation and Evaluation of NLCs 

based Gel containing Methotrexate for Treatment of Rheumatoid Arthritis” at 

65th Indian Pharmaceutical Congress on “Pharma Vision 2020”, held at Amity 

University, Noida, Delhi NCR, U.P., India. December 20
th

 – 22
nd

, 2013. 

11) Attended a sixteen days workshop of DBT course in Biotechnology on the 

topic “Techniques in Molecular Biology”, held at S.G.P.G.I.M.S., Lucknow, 

U.P., India. September 15
th

 to September 30
th

, 2015. 

12) Attended seven days Workshop on NMR/MRI: From molecules to human 

behaviour. Sponsored by Department of Science and Technology (DST), 

India.  Held at BBAU, Lucknow, U.P., India. June 21
st
 to 27

th
, 2015. 
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