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ABSTRACT 

Polymer hydrogels are known to be excellent drug delivery biomaterials for unconventional cancer 

therapy. The polymer hydrogel was prepared via the free-radical polymerization of acrylamide 

(AAm) in the presence of poly ethylene glycol (PEG) , gum acacia and N-isopropylamide. 

Swelling analysis at different pHs (1.2, 5.8 and 7.4) were performed on the hydrogels in order to 

determine the swelling capacity of the polymer hydrogel and characterization was done by using 

the Fourier transform infrared (FTIR) spectroscopy, thermogravimetric analysis (TGA), x-ray 

diffraction (XRD) and the scanning electron microscopy (SEM). 

Hydrogels were loaded with doxorubicin (DOX) and curcumin (CUR) drugs which have been 

identified as anti-proliferation agents and this was done individually and in combination. The 

successful incorporation of these drugs onto the polymeric network of the gel was confirmed and 

drug-polymer interaction observed with various characterization techniques employed as 

exemplified in the spectra data and images obtained. Results from the drug release studies which 

were intended to mimic the gastrointestinal tract, tumor cells and blood reveal a successful release 

of drugs from the gel at pH of 1.2, 5.8 and pH 7.4, respectively. These conforms with diffusion 

models such as the Korsmeyer-Peppas model, suggesting that the hydrogels are potential target 

materials for drug delivery systems to cancerous cells. Furthermore, cytotoxicity studies and cell 

viability tests were performed in order to determine the anti-cancer effects of the drugs bound to 

the hydrogel by treating against MCF-7 adenocarcinoma breast cancer cell lines. Results obtained 

showed that the growth of cells was inhibited and the hydrogel loaded with the drugs proved to be 

an excellent targeted drug delivery system. 

Keywords: Hydrogel , doxorubicin, curcumin, drug delivery 
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND OF THE STUDY 

1.lBACKGROUND 

The incorporation of drugs into carrier materials (a drug delivery system - DDS) has become a 

powerful methodology for treating various pathologies. These delivery systems are usually 

targeted drug delivery systems, since they seek to concentrate the therapeutic agents to a parti cular 

location of interest in the body and at the same time, reduce its relative concentration in other 

tissues or parts of the body. In this type of drug delivery system, there is usually an enhanced 

therapeutic index of the drug because the drug's specificity, due to targeting a particular tissue, 

cell or intracellular compartment, is increased. In addition, the control over the release kinetics and 

the protection of the active agent or a combination thereof, of both, is made possible via thi s form 

of drug delivery system. All drug delivery systems aim to deliver the incorporated drug at the right 

place (targeted location), at the right concentration for the right period of time and also to have the 

ability of administering the drug in vivo with little or no toxic effect. It is equally important for any 

developed drug delivery system to be capable of complete self-degradation of the drug in order to 

prevent any need for surgical removal of the drug mediated carrier device after serving its desired 

purpose in the body. 

As a result of these necessities for any dru g delivery system, discovery and development of better 

biomaterials with highly enhanced biodegradable, biocompatible and non-toxic properties, have 

become of great importance to researchers in their quest for an improved targeted drug delivery 

system. One of such drug carrier biomaterials that has been developed, is the polymer hydrogel. 

Hydro gels have so many advantages for several drug delivery applications because of their unique 

characteristics which make them biocompatible, resulting from their similari ties to natural living 
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tissue. Some of these characteristics and similarities includes: softness, flexibility, high water 

content and their ability to absorb drugs into their webbed network structure. 

The focus of this research study was to explore the use of polymer hydro gel as a carrier for multiple 

drugs delivery for cancer therapy, thus broadening their use in the medical field. This was done by 

loading hydrogel with two drugs that possess anti-cancer properties, independently and in 

combination thereof and subsequently in vitro analysis on MCF-7 human adenocarcinoma breast 

cancer cell lines. 

In recent times, a lot of improvements have been made by researchers and the pharmaceutical 

industries in the area of enhanced drug delivery system, and this is greatly due to the considerations 

made on the diverse factors necessary for achieving a successful drug delivery system. Some of 

the factors are; the properties of the drug, such as solubility, prolonged duration in the body, 

reduced side effects (retention of drug bioactivity for the required active period in the body, 

toxicity etc); and the properties of the drug carrier device, which are non-toxicity, biocompatibility, 

biodegradability, responsiveness to stimuli and external factors (pH, temperature and its 

mechanical strength). The aim of developing biocompatible and biodegradable biomaterials by 

researchers is to enhance the exact dosage release to time ratio of drugs used in the treatment of 

several diseases. A number of natural materials such as gelatin, chitosan and synthetic materials 

such as carbon nanotube and silica nanostructure, have been used in recent times and these 

materials have grown in significant relevance due to the potential advantage in several cell-based 

therapies, cancer therapy, diabetic therapy and drug delivery (Bertholon et al. , 2006, Ethirajan et 

al. , 2008, Li et al. , 2003, Ali-Boucetta et al. , 2008, Ramachandran et al. , 2002, Wang and Levin, 

2009, Semmler-Behnke et al. , 2008, Yang et al. , 2014, Zhang et al. , 2001) 

25 



1.2 PROBLEM STATEMENT 

Breast cancer has become a major problem in the public health sector with about 4.4 million 

women living with the disease. Over 1 million new cases resulting with over 400,000 deaths are 

reported annually worldwide (Meade and Dowling, 2012, Parkin et al. , 2005). According to Alteri 

et al. (2011 ), amongst all diseases, breast cancer is the most frequently diagnosed all over the 

world, and the scourge accounts for the main cause of death in women who have cancer. In 

addition, it is responsible for about 14 percent of cancer deaths. Sex, age, race, genetic 

predisposition, and exposure to environmental carcinogens are multiple factors responsible for the 

prevalence, geographic distribution and behaviour of particular cancer types (Dumitrescu and 

Cotarla, 2005). Researches on drug delivery systems and therapeutic agents used in breast cancer 

treatment have been ongoing for over two decades as an endeavour to improve the overall curative 

effect of drugs (Fundueanu et al., 2008, Huynh et al. , 2008, Wang et al., 2008, Nakamura et al., 

1999). 

Lately, novel drug delivery systems and combination therapy, which is basically the use of two or 

more drugs with different curative capacities and abilities have proven to be a productive method 

in the treatment of diseases. Due to the challenges and limitations faced when targeting originative 

substances that cause the occurrence of the disease by using one drug, a combination of individual 

drugs is now dispensed maximally and at different or the same stages of the treatment for optimum 

overall effects of drugs (Sharan et al., 1997, Wei et al., 2009b). Nevertheless, some challenges 

have also been associated with combination therapy. The major challenges include drug loading 

and drug ratio, characterization, development of suitable carriers, inabi lity to control the entire 

process and the dependent release behaviour of each drug (Wei et al., 2009b, Greco and Vicent, 

2009). Due to these and other challenges, dual drug delivery systems that are capable of 
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overcoming these challenges, are being explored. In recent times, positive outcomes have emerged 

from limited research that were carried out on dual drug delivery systems (Manna and Patil, 2009, 

Ma et al. , 2010, Qiu and Bae, 2007, Song et al. , 2008, Xia et al. , 2008, Lee et al. , 2008b,Baumann 

et al., 2009). 

The purpose of this project is, therefore, to design a polymer (hydrogel) whose stimuli response 

can be tapped into and utilized as a drug delivery carrier device in order to provide potential cure 

to breast cancer. In addition, the project aims to compare the effects of the anticancer drugs 

individually and in combination when loaded onto the polymer (hydrogel) substrate. This is done 

in an attempt to proffer a solution to the persistent challenge of combination therapy faced by 

earlier researchers, especially the inability of the drug carrier device to degrade before the 

depletion of the administered drug. 

Drugs such as doxorubicin (DOX) which belong to a class of drugs known as anthracycline which 

possess anti-tumor, antibiotic properties, hence its medical application is seen in cancer treatment. 

DOX, amongst other antitumor drugs that have ever been developed, stands out as the most 

effective and widely used because of its high antineoplastic activity to breast cancer, soft tissue 

sarcomas, destructive lymphomas and childhood solid tumours. However, it is noteworthy that the 

drug has certain drawbacks in its use as an anticancer drug. The major limitation it possesses is its 

diverse toxic effects, in addition to the fact that breast cancer cells have become resistant to the 

drug, hence it has become of great necessity to have further studies into the drug in order to develop 

ways to overcome this challenge and make the drug more effective (Minotti et al. , 2004, Quiles et 

al. , 2006, Volkova and Russell, 2011 ). A few other drugs with anticancer activity, such as 

curcumin, have also been well researched independently and in combination with other drugs with 

the aims and hopes to have better effects on breast cancer cells. 
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1.3. RESEARCH QUESTIONS 

The following are the crucial research questions this project aims to answer: 

1. What are the effects ofloading curcumin and doxorubicin (individually) and both drugs 

onto a PEG based hydro gel on the release mechanisms of the drugs from the hydrogel? 

11. What are the effects of PEG-based hydrogel loaded with both drugs on breast cancer cell 

lines? 

m. Does the presence of these drugs in the PEG based hydro gel enhance their targeted release 

profiles? 

1.4. AIM OF RESEARCH 

To design a PEG-based hydrogel for dual delivery of anti-cancer drugs with enhanced therapeutic 

effect. 

1.5 OBJECTIVES 

The major objectives are: 

❖ To design and develop a PEG based drug delivery carrier with remarkable 

physicochemical properties. 

i To analyse the pH-dependent swelling properties of the hydrogel; and 

ii To characterize the PEG based hydrogel by using Fourier transform infrared 

spectroscopy (FTIR), X-ray diffraction (XRD), Thermogravimetric analysis (TGA) and 

scanning electron microscope (SEM). 

❖ To load therapeutic agents: curcumin and doxorubicin (independently and in combination 

thereof) onto the PEG based hydrogel. 
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i Characterization of the PEG based hydrogel loaded with the therapeutic agents 

❖ To perform drug release kinetics of the hydrogel containing curcumin, doxorubicin and 

the combination of both drugs. 

❖ To perform In vitro analysis of the polymer hydrogel loaded with bioactive agents on 

MCF-7 human adenocarcinoma breast cancer cell lines. 

1.6 HYPOTHESIS 

It is hypothesized that the hydrogel, loaded with the drugs will exhibit targeted drug release 

mechanisms with enhanced cytotoxicological effect on the cancer cell lines when compared to the 

free drugs. 

1.7 SCOPE AND LIMITATIONS 

The study observed the similarities and dissimilarities between the effects of both drugs loaded 

onto the hydrogel, with the free drugs in breast cancer treatment. In this study, the free drugs 

doxorubicin and curcumin were used as the positive control, with the aim to compare the effect of 

combinational therapy of the free drugs with hydrogel loaded with the drugs. This investigation 

involved cytotoxicity evaluation on breast cancer cell lines in order to affirm a successful anti­

cancer effect in terms of the delivery device used. 

1.8. SIGNIFICANCE OF THE STUDY 

The study aims to develop a drug delivery device that is capable of proffering a potential solution 

to breast cancer patients by using combination therapy. It is expected that this research will provide 

an up to date knowledge and insight about combination therapy and dual drug delivery by using 

polymeric hydrogel as a substrate (carrier) in treatment of breast cancer. The study hopes to add 

to the available knowledge in this field, thus leading to possible further research. Also, the outcome 
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of this study is expected to enlighten the public and society at large on the efficacies of these drugs 

when bound to the polymer (hydrogel) developed and used in combination therapy as a 

comparative study on the free drugs individually and in combination. Finally, this study is expected 

to reduce the challenges faced by breast cancer patients, most especially the need to have oral 

drugs intake at intervals. 
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CHAPTER TWO 

LITERATURE RE VIEW 

2.1. INTRODUCTION 

The focus of this chapter is on the review ofrelevant literature on cancer, introduction to cancer, 

types of cancer, risk factors related to cancer, world statistics on cancer and treatment, however 

emphasis wi ll be on breast cancer, since breast cancer is the case study of this research. Drug 

delivery systems (DDS): various types of drug delivery systems, importance and advantages of 

drug delivery systems, challenges and drawbacks of the systems will also be reviewed. 

Furthermore, hydrogels and hydrogel design as well as its role and significance in drug delivery 

system and combination therapy will also be reviewed and di scussed in details. 

2.2 UCLEUS OF THE HUMAN CELL- CRITICAL SITE FOR CANCER 

DEVELOPMENT 

The nucleus of the human cell is a conspicuous structure and it is of crucial significance because 

the genetic material (Deoxyribonucleic acid, DNA), which is responsible for governing the 

characteristics of the cell and its metabolic functioning, is stored in the nucleus of the cell. 

Although a glance at the nucleus even with the use of an electron micrograph wi ll not reveal the 

D A molecule, and all that is seen is a thread-like material known as the chromatin which consists 

of the DNA molecule. It is this chromatin that coils to form the rod-like structures before cell 

division takes place (Loewy and Siekevitz, 1969). Inherited traits and characteristics, such as the 

eye colour and skin colour are encrypted in the DNA, thus making it a vital part of all cells and for 

life (Bruce, 2002). 
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Figure 2.1: Afigure showing the nucleus of the human cell 

The nucleus serves as the control centre of every living cell, since it maintains the integrity of 

genes and it controls the cell activities, such as: cell growth, cell division, protein synthesis and it 

is also involved in regulating gene expression, (Lamond and Earnshaw, 1998). Any alterations in 

the DNA stored in the nucleus can lead to cells producing the wrong amount of certain protein or 

make a misshapen protein that does not function properly and because many proteins controls cell 

behaviour, these changes could cause health problems. In cancer, these changes causes survival of 

bad cells and uncontrolled growth of the cells thereby causing damage to the surrounding tissues 

(Bahcall, 2013). 

Normal cells become cancerous as a result of gene mutations and most times, several mutations 

must take place for this to occur. Mutation is known to affect tumour suppressor genes that are 

responsible for the control of cell growth and division and also genes ofnormal cells, causing them 

to become oncogenes (cancer causing genes) (Fearon and Bommer, 2008). An inherited abnormal 

copy of a gene, makes the buildup of mutations more rapid and with ease and hence, causing a cell 

to become cancerous at a faster rate when compared to an abnormal copy of gene that was not 
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inherited. This accounts for the tendency of inherited cancer to happen earlier in life than cancer 

that was not inherited (Berger and Pandolfi , 2011). Although persons without inherited cancer 

gene may still acquire cancer as a result of gene mutation during their life time and in most cases, 

these acquired mutations may be caused by exposure to cigarette smoke, radiation, hormones and 

certain diets amongst other environmental factors. Some other causes of mutations have been 

associated to obscure reasons which seem to be a random occurrence during cell division. There 

is always a chance for mutation to occur every time cell division takes place; therefore, there is a 

higher risk of developing cancer as people grow older in life (Ringer and Schnipper, 2001 ). 

2.2.1 CELL DIVISION AND CELL CYCLE 

Cell division refers to a series of activities that give rise to ' daughter' cells from a parent cell; and 

it is a process that occurs as part of the cell cycle. All cell divisions come before a single round of 

DNA replication, with the aim to maintain the original genome of the cell (Martin and Hine, 2015). 

For every cell in the human body to divide and multiply, it passes through various stages of cell 

division. This entire process is often referred to as the cell cycle and it consists of the following 

phases: 

• Interphase (lntermitosis) 

✓ G 1 phase (Growth): At this stage, nothing conspicuous is happening in the cell 's 

nucleus, however the cells are very active. Growth, development and preparation 

for cell division take place. 

✓ S phase (DNA replication): S represents synthesis and at this stage DNA copying 

and replication occur. 

✓ G2 phase (Growth) : Just as in the case of G 1, although there is no obvious activity 

in the cell's nucleus, the cells are active. 
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• Mitotic phase (Chromosome separation): In here, cell division occurs. Cells are divided 

into two ' daughter' cells at this point in the cell cycle 

(Vajpayee, 20 14, Cooper, 2000, Wang and Levin, 2009). 
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Figure 2.2: A figure showing the various phases of the cell cycle 

2.2.2 CELL DIVISION IN NORMAL CELL AND CANCER CELL 

• Cell Division Control: In normal cells, cell division occurs normally and under favourable 

environmental conditions and with the existence of appropriate mechanisms for proper 

DNA replication. Cell division termination, which is a control mechani sms, sets in when 

there is an unfavourable conditi on or genetic damage. However, in the case of cancer cells, 

cell division continues amid inappropriate and unfavourable conditions. In addition, 

because cancer cell s do not stop dividing when genetic damage occurs, the resultant 
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'daughter' cell will therefore contain abnormal number of chromosomes and DNA which 

are more abnormal than the 'parent' cell s and continuous division will hence, lead to 

tumour formation. Furthermore, in normal cells errors, encountered in the course of cell 

replication are correctable, but not so in cancer cell (Weinberg, 2013, Tsaniras et al., 2014). 

• Cell Division Signaling: It has been observed in normal cells that although active cell 

division is not on going, cells still perform their normal functions and these cells divide in 

response to external signals in the form of proteins or steroid growth factor, however, 

cancer cells act contrary to all of these. Although, at times, normal cells may stop dividing 

for some reasons, such as: the absence of external signals, pre-programmed limit to number 

of times for cell division (Urry et al. , 2016). For example, breast cancer cells grow without 

the need for estrogen which is the normal growth factor. This happens when the abi lity to 

respond to estrogen is lost as a result of the turning-off of the estrogen receptor within the 

cell. In addition, inhibition contact, which is the ability for cells to detect when there is 

'crowding' by nearby cell, is not exhibited by cancer cells. They do not respond to stop the 

signal anymore and hence, there is the continual growth leading to cells heaping-up and 

eventually, tumour mass is formed (Cooper, 2000, Wang and Levin, 2009). 

2.3 OVERVIEW OF CANCER 

Cancer is a disease that arises when there is an alteration in the processes and mechanisms that 

guide or control proliferation and differentiation of cells. This alteration leads to growth, excessive 

proliferation and transformation of abnormal cell s into tumours that are capable of invading and 

compressing adjacent normal structures, such as tissues (Seyfried and Shelton, 2010) . The growth 

of these abnormal cells is a characteristic of the disease condition . These cells express different 

cell surface antigens, which may either show signs of apparent immaturity, qualitative or 
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quantitative chromosomal anomalies. In addition, vanous translocations and appearances of 

amplified gene sequences may be displayed. A little portion of these cells are the tumour stem 

cells which are capable of proliferating repeatedly and then travel through a metastatic process to 

distant parts in the body. Such part of the body ( organs) are colonized by them (tumour stem cells) 

and subsequently, a colony is formed. This neoplastic progression is usually followed by 

quantitative abnormalities in various metabolic pathways and cellular components. Death is often 

the result of this invasive and metastatic process, if untreated or poorly managed (Katzung et al., 

2011 ). 

Cancer is a disease known to be a principal cause of death globally, and it is responsible for - 7.4 

million deaths, annually. In low and middle-income countries, it is recorded that more than 70% 

of all death that occurs is caused by cancer. In 2009, cancer death was predicted, by World Health 

Organization to rise continuously with a projected deaths of 11.5 million by the year 2030. (Ta et 

al., 2008). Of all the risk factors associated with cancer, environmental exposure and chemical 

carcinogens (particularly those in tobacco smoke), dyes, aflatoxins, asbestos, and benzene, have 

been clearly discovered to induce cancer in humans and animals (Katzung et al., 2011 ). 
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Cancer mortality: age-standardized death rate per 100 000 population, both sexes, 2012 
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Figure 2.3: A figure showing the statistical indication of the number of individuals living with 

cancer in the world (World Health Organization, 2014) 

2.3.1 TYPES OF CANCER 

Various forms of cancers exist and they arise from tumours (lumps), which can either be benign 

or malignant. Benign tumours are cells that grow at a slow rate and do not spread to other body 

parts; they are like normal healthy cells in the body, not cancerous and are rarely life threatening. 

They only turn out to be a problem if they become very large, thus causing discomfort and press 

on other organs- a typical example is the brain tumour inside the skull. In naming benign tumours, 

a suffix -oma and the name of the affected organ are usually used. An example is leiomyoma, a 

benign tumour of smooth muscle cell , having its common name as :fibroid and it occurs in the 

uterus (Santen and Mansel, 2005, Schnitt and Connolly, 2004). 
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On the other hand, malignant tumours grow very fast when compared to benign tumours and they 

are capable of spreading to tissues close-by and causing destruction to such tissues. Through a 

process known as metastasis, malignant tumours break away from the main tumour and spread to 

healthy tissues in other body parts where they undergo continuous cell division and growth. The 

new secondary site where the metastasis occurs is referred to as metastases, and the disease 

condition is called metastatic cancer (Burstein et al., 2008). 

Usually, the body part where a cancerous cell develops is often used to describe the type of cancer, 

but because of the presence of multiple types of tissues in different parts of the body, a greater 

· precision is required for the classification. For these reasons, cancers are further classified, based 

on the type of cell that the tumour cells originate from. They are classified according to the 

following: 

• Carcinoma: It is a cancer type that has its origin from the epithelial cells that is, the lining 

of cells responsible for protecting organs. They are capable of invading the nearby tissues 

and organs and metastasize to the lymph nodes and other areas of the body. Common 

examples of this type of cancer includes breast, prostate, lung and colon cancer and they 

occur particularly in adults (Berman, 2004, Kuriakose et al., 2001, Chang et al., 2007) . 

• Sarcoma: This type of cancer originates from the connective tissues (i .e. muscle, blood 

vessels bone, cartilage, fat, nerve) and each arises from cells originating in the 

mesenchymal cell s outside the bone marrow. Leiomyosarcoma, liposarcoma and 

osteosarcoma are common forms of this kind of cancer (Tran et al. , 2005 , Longhi et al. , 

2006, Fletcher et al. , 2002). 

• Lymphoma: This type of cancer can occur anywhere in the body because it is a cancer of 

the lymphatic system, which runs all through the entire body. Hodgkin' s lymphoma and 
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non-Hodgkin's are the two main forms of this cancer type. Non-Hodgkin's is initiated by 

the unrestrained growth of the white blood cells lymphocytes of the immune system and 

Hodgkin's lymphoma occurs when the cells of the lymph nodes become cancerous 

(Bernstein and Bu rack, 2009, Solimini et al. , 2016, Tran et al., 2005). 

• Leukemia : Leukemia is a cancer associated with the white blood cells and bone marrow, 

the tissues that forms blood cells. Lymphocytic leukemia and chronic lymphocytic 

leukemia are common subtypes of this type of cancer amongst several others. Both 

subtypes of this cancer originate from blood making cells. It is the most common type of 

cancer in children accounting for about 30% of cancer cases in children (Varricchio, 2004). 

However, far more adults develop lymphoma and leukemia (Colvin and Elfenbein, 2003 , 

Patlak, 2002, Dearden et al., 2001 ). 

• Germ cell tumour: This cancer is known to arise from pluripotent cells. It is most often 

present in the testicle (seminoma) or the ovary (dysgerminoma) (Ulbright, 2005, Verville 

and Bozzone, 2009) . 

• Blastoma: It is a cancer that is more common in children when compared to adult and it is 

derived from immature "precursor" cells or embryonic tissue (Alberts et al., 2008). 

Most commonly, suffixes such as -carcinoma, -sarcoma or -blastoma are usually used to name 

cancers in combination with the root word of the organ or tissue which is often in Latin or Greek . 

Examples includes: hepatocarcinoma (cancer of the liver parenchyma), hepatoblastoma (arises 

from primitive liver precursor) , and liposarcoma ( cancer arising from fat cells). However, in some 

cases the root word is English, a typical example is the breast cancer, which is called ductal 

( originates from milk duct) carcinoma of the breast. Also, the shapes and sizes of certain cells 
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under the microscope are used to name certain cancer types. For example, giant cell carcinoma, 

spindle cell carcinoma, and small-cell carcinoma (Rethinavelsubramanian and Suganya, 2014 ). 

2.3.2 DRUGS USED IN CANCER TREATMENT 

From previous discussions, it is clear that the pathogenesis of cancer is closely related to impaired 

pathway of cell division. The mechanism of action of most anticancer drugs is such that it blocks 

one or more stages of cell cycle, thus blocking cell division in rapidly growing cell s (Urry et al. , 

2016). A lot of chemotherapeutic drugs used in the treatment of cancer are specifically designed 

to inhibit the fusion of precursor molecules that are needed for DNA replication; and prevent the 

cell from completing the 'S' phase of the cell cycle, and in some cases cause extensive DNA 

damage, which halts replication process. During the mitosis phase in the cell cycle, it is often 

required that the chromosome separates and for this to occur, spindle fibers made of microtubules 

are needed; however, a class of drugs referred to as spindle inhibitors stop microtubules from been 

synthesized (Beckers and Mahboobi, 2003, Sarabia et al., 2006). Cancer cells are very sensitive to 

these drugs than normal cells because cell division does not occur often in adult cells. However, 

notable side effects such as gastrointestinal discomfort, loss of hair and low white blood cell count 

are experienced with the use of these chemotherapy drugs. This is because they tend to kill some 

adult cells, such as those that line the gastrointestinal tract, bone marrow cells, and hair follicles 

undergoing rapid cell division. 

2.3.3 TYPES OF CHEMOTHERAPY DRUGS 

A number of drugs are used for chemotherapy. They are divided into different groups, based on a 

couple of factors, such as their mechanism of action, their chemical structure, and their relationship 

to another drug. Some drugs have more than one mechanism of action, thus belonging to more 

than a group. A good knowledge of the mechanism of action of these drugs improves the 

40 



therapeutic effect(s), since this helps in making decisions about how to combine a drug with 

another, when each drug should be administered ( order and frequency) and also predicting the side 

effects of the drug individually and in combination, in cases where more than a drug would be 

used. 

Alkylating agents: These drugs act by directly damaging the DNA (the genetic material in each 

cell) in order to prevent cell reproduction. This takes place in all phases of the cell cycle and they 

are used in treating various types of cancers. Examples of the cancer types that can be treated with 

alkylating agents, includes: leukemia, lymphoma, breast and ovary, lung, Hodgkin disease, 

multiple myeloma and sarcoma (Sloczynska et al. , 2014) . As a result of the damage on the DNA, 

a long-term damage to the bone marrow may occur, which can in turn, result to acute leukemia in 

rare cases because it is "dose-dependent". This means that the lower the doses, the smaller the risk 

but an increase in the dose leads to increased risk. After 5 to 10 years of treating cancer with these 

alkylating agents, the risk of developing leukemia often increases. These alkylating agents are 

classified into the following different classes: nitrogen mustards ( e.g chlorambucil, and 

melphalan), nitrosoureas ( e.g streptozocin, and lomustine) and alkyl sulfonates ( e.g busulfan) , 

triazines ( e.g dacarbazine and temozolomide), ethylenimines ( e.g thiotepa and altretamine) 

(Ralhan and Kaur, 2007, Colvin, 2003). 

Due to the similar manner in which platinum drugs (such as: cisplatin, carboplatin, and oxalaplatin) 

kill cells, they are grouped with alkylating agents, at times. Although, the likelihood of these 

platinium drugs to cause leukemia later in life is less than that of the alkylating agents (Tew et al. , 

1996). 
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Differentiating agents: These drugs focus on cancer cells by causing them to grow into normal 

cells. Examples include: the retinoids, tretinoin, with their trade names known as ATRA or 

Atralin®, bexarotene, with its trade name known as Targretin®, as well as arsenic trioxide, with 

its trade name known as Arsenox® (Sell, 2004, Nowak et al., 2009, Leszczyniecka et al., 2001). 

Antimetabolites: Antimetabolites are therapeutic agents that cause cell damage during the S phase 

of the cell cycle, during the process of cell copying. The destruction to the cell is achieved by 

replacing the normal building blocks of RNA and DNA, thereby interfering with the growth of 

RNA and DNA. Some of the cancer types which these antimetabolites are used to treat, include: 

leukemias, cancers of the breast, ovary, and the intestinal tract (Peters et al., 2000, Takimoto and 

Calvo, 2008). Examples of these antimetabolites are 5-fluorouracil, 6-mercaptopurine, 

capecitabine, cytarabine, floxuridine, fludarabine, gemcitabine, hydroxyurea and methotrexate. 

Anti-tumor antibiotics: The mode of action of these drugs is not the same with the regular 

antibiotics used to treat infections. Anti-tumor antibiotics work by altering the DNA found in 

cancer cells so as to prevent them from replicating. A representative of this type of drug is the 

Anthracyclines that obstructs enzymes involved in DNA replication and these drugs work in all 

phases of the cell cycle. They are used widely for treating different cancers. Examples of this group 

of drugs are: daunorubicin, doxorubicin, epirubicin and idarubicin. 

Permanent heart damage has been discovered to be a maJor side effect of these drugs, if 

administered in high doses. Hence, it is important to limit drug dose. Examples of other drugs that 

are not anthracyclines, but also are anti-tumor antibiotics include: actinomycin-D, bleomycin, 

mitomycin-C and mitoxantrone (also acts as a topoisomerase II inhibitor) (Salmon and Sartorelli, 

2001, Cortes-Funes and Coronado, 2007, Sparreboom et al., 2002). 
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Topoisomerase inhibitors: As the name implies, these drugs inhibit enzymes (proteins that brings 

about chemical reaction in living cells) called topoisomerases which are involved in helping DNA 

strand separation and thus stopping the DNA from being copied during the S phase. Examples of 

the cancers that can be treated with topoisomerase inhibitors are: some leukemias, also cancer of 

the lung, ovary and gastrointestinal cancers. The grouping of these drugs is based on the enzyme 

type that they affect. Examples of the drugs that inhibits topoisomerase-1 include: topotecan, 

irinotecan while those that inhibit topoisomerase-II include: etoposide, teniposide and 

mitoxantrone (also acts as an anti-tumor antibiotic). However, the risk of developing a second 

cancer; acute myelogenous leukemia (AML) after 2 or 3 years is increased with the use of 

topoisomerase-II inhibitors (Pommier, 2006, Pommier et al. , 2010, Staker et al., 2005, Teicher, 

2008). 

Mitotic inhibitors: Mitotic inhibitors are compounds obtained from natural products and plant 

alkaloids. They act by preventing mitosis in the M phase of the cell cycle, but in the process, they 

can cause harm to normal cells in all phases, by inhibiting enzymes that are necessary for the 

synthesis of proteins needed for cell reproduction. Cancer of the breast, lung and myelomas are a 

few of the different cancers that these drugs have being used to treat and their side effect, is nerve 

damage, therefore, dose given is always limited. Examples of the drugs that fall in this category 

include: taxanes ( e.g paclitaxel and docetaxel), epothilones ( e.g ixabepilone), vinca alkaloids ( e.g 

vinblastine, vincristine and vinorelbine) and estramustine (Lyseng-Williamson and Fenton, 2005, 

Clarke and Rivory, 1999, Jiang et al. , 2006) 

Corticosteroids: Corticosteroids are drugs considered as chemotherapeutics when used in 

combination with other therapeutics for cancer treatment and they are often referred to as steroids . 

They are natural hormones and drugs like hormones that are found to be useful in the treatment of 
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various types of cancer and also other illnesses. They can be used before treatment to avoid severe 

allergic reactions and after treatment to prevent vomiting and nausea after chemotherapy. 

Examples are: prednisone, methylprednisolone and dexamethasone (Rhen and Cidlowski, 2005 , 

Banuelos et al. , 2016, Nelson et al. , 2003). 

Hormone therapy: This category of chemotherapy drugs consist of sex hormones or hormone­

like drugs that are capable of altering the mechanism of action of the male and female hormones. 

They act by slowing the growth of breast, prostate, and uterus cancers, which often grow in 

response to the body's natural sex hormones. In addition, they prevent cancerous cells from 

utilizing the hormone they need for growth, or by stopping the body from making the hormone 

and this mode of action is different from that of standard chemotherapy drugs. In some cases, the 

cancerous cell loses its normal responses to growth factors such as hormones (Salmon and 

Sartorelli, 2001 , Brunton et al., 2011, DeVita et al. , 2010). Hormone therapy is usually achieved 

with the use of drugs that disrupts the activity or synthesis of the hormone required for cell growth. 

Examples of such drugs include: anti-estrogens called selective estrogen receptor modulators 

(SERMs) (fulvestrant, tamoxifen, and toremifene), aromatase inhibitors (anastrozole and 

letrozole), progestins (megestrol acetate, estrogens), anti-androgens (bicalutamide, flutamide and 

nilutamide), gonadotropin-releasing hormone (GnRH), also known as luteinizing hormone 

releasing hormone (LHRH) agonists or analogs, such as leuprolide (Lupron®) and goserelin 

(Zoladex®). These drugs have gone through a ten-year clinical trial with about 20,000 women 

with the aim to investigate their effectiveness in breast cancer prevention (Bahls and Fogarty, 

2002, Peng et al. , 2009). In recent times, chemotherapeutic drugs that targets specific active 

proteins or processes in cancer cell signal transduction pathways, such as receptors, growth factors , 

or kinases, have also been developed (Davies et al. , 2002, Veggeberg, 2002). 
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Immunotherapy: Recently, there has been an emergence of drugs with umque method of 

treatment for people with cancer. These drugs act by helping their immune systems identify and 

attack cancerous cells and this uniqueness in the mode of action has made them separate from 

chemotherapy. Immunotherapy can either be active, that is, stimulate the body's own immune 

system to fight the disease or passive that is; it does not depend on the body to attack the disease 

(Adams and Weiner, 2005, Palucka and Banchereau, 2013, Egawa, 2004, Scott et al., 2012). 

Examples of active immunotherapies, include: monoclonal antibody therapy such as rituximab and 

alemtuzumab, non-specific immunotherapies and adjuvants ( other substances or cells that boost 

the immune response), e.g. BCG, interleukin-2 (IL-2), and interferon-alfa and immunomodulating 

drugs, such as thalidomide and lenalidomide. 

In 2010, the first vaccine (the Provenge® vaccine for advanced prostate cancer) used to treat cancer 

was approved by FDA and this proves that cancer vaccines are a type of active specific 

immunotherapy. Presently, there are ongoing studies for the development of other vaccines that 

can be used for many different types of cancer (ltano et al. , 2015 , Yarbro et al., 2005 , Hosoya and 

Miyagawa, 2014, Gaddis, 2004, Fuchs-Tarlovsky, 2013, Cheung-Ong et al., 2013, Armstrong et 

al., 2006, Baldo and Pham, 2013). 

Targeted therapy: Targeted therapy is currently a major focus for many researchers. As a result 

of more discoveries about the inner workings of cancerous cell s, researchers have developed new 

drugs that are now in use in the treatment of cancer. These drugs function more specifically than 

traditional chemotherapy drugs. This is accomplished by attacking cells that have altered the 

version or mutated the versions of some genes and also cells expressing excessively, a lot of copies 

ofa certain gene. These drugs can either be used as part of the main treatment or for post-treatment 
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in order to prevent the reoccurrence of the disease. Examples of such drugs include: imatinib, 

gefitinib, sunitinib, bortezomib (Zhukov and Tjulandin, 2008, Katzel et al. , 2009) 

Other chemotherapy drugs : The mechani sm of action of some chemotherapy drugs are 

somewhat different making it difficult to group them into one of the various categories of 

chemotherapy drugs. Good examples of such drugs include drugs like L-asparaginase, which is an 

enzyme and the proteasome inhibitor, bortezomib. On the other hand, some other drugs are 

involved in cancer treatment but they are not often referred to as chemotherapy drugs because they 

do not act in similar way with chemotherapy drugs. These drugs act by focusing on other properties 

that differentiate cancer cells from normal cells and this often make them have reduced side effects 

because they are targeted to affect cancer cells and not healthy cells. Many are used along with 

chemotherapy. 

There are certain factors to be considered before any drug is chosen for cancer treatment, some of 

such factors includes: 

• Cancer type; 

• Present stage of the cancer (spread rate) ; 

• Age of the patient; 

• Overall health of the patient; 

• Other serious health problems (such as heart, liver, or kidney diseases); and 

• Types of past cancer treatments given. 
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2.4 BREAST CANCER 

2.4.1 STATISTICS 

I Nwu=-,, 
LJBRARyj 

According to world statistics, of all cancer cases breast cancer accounts for ~26%. It is the leading 

cancer that is diagnosed in women and it occurs about l 00 times more in women than men, but 

the outcomes in men are often poorer because of late diagnosis. Of all cancer deaths recorded 

worldwide in 2008, about 458 ,5 03 deaths occurred due to breast cancer and ~ 13.7% were women 

(Fentiman et al., 2006, Petrocca et al., 2005, Weiss et al., 2005). At the moment, breast cancer 

incidences are increasing worldwide, especially in developing countries e.g. India. According to 

the American Society of Cancer, as at 1940, the life time risk of women developing breast cancer 

was ~5% or 1 in 20, but recently, it has increased to ~ 13% or 1 in 8 (Greenlee et al., 2001). 

According to the American Cancer Society in 2012, in many cases, it is unclear why women 

develop breast cancer because ~ 75% ofall women with breast cancer have no risk factors, however 

different women have different risk factors of developing breast cancer during their life time 

(Alteri et al., 2011 ). 
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Figure 2.4: A figure showing the statistical occurrence of the various cancer types 

2.4.2 BREAST CANCER RISK FACTORS 

A risk factor is said to be whatever increases the possibility of developing breast cancer. Some of 

the most important risk factors for breast cancer are age, family history and medical history which 

are beyond control (non-preventable); however, some other risk factors are controllable 

(preventable) and they include weight, physical activities and alcohol consumption. Studies have 

shown that these risk factors increase the likelihood that a woman will develop breast cancer. 

However, the absence of breast cancer risk factors does not mean people are not susceptible to 

developing breast cancer (Lakshmi et al., 2012). Even though a lot of these risk factors cannot be 

reversed, some can however be modified. 
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• PREVENTABLE RISK FACTORS 

::J OVERWEIGHT: Overweight is generally defined as a condition where the BMI (Body 

Mass Index) is over 25 in the waist. At this point, there is increased risk of developing 

breast cancer, especially for women who have reached menopause. Before menopause, a 

lot of the hormones are produced by the ovaries but after menopause, estrogen is gotten 

from fat tissues which contain aromatase that converts androgen to estrogen. This implies 

that the more the fat tissues in the body, the higher the estrogen levels and this increases 

breast cancer risk. Being overweight also increases the risk of breast cancer reoccurrence. 

From studies, large tumours, great lymph node involvement and poor breast cancer 

prognosis with 30% higher risk of mortality are more common in obese women but then, 

other factors affect breast cancer and there is a complicated link between the disease 

condition and extra weight. For instance, an extra weight around the belly may increase the 

risk of developing breast cancer more when compared to extra weight of same amount 

around the hip or thigh (Protani et al. , 2011 ). On the other hand, women at premenopausal 

stages who are overweight tend to have a lower risk of developing breast cancer, but the 

risk of developing breast cancer after menopause is increased by between 30-60% in 

overweight women when compared to normal weight women. This may be related to the 

manner in which estrogen is produced before and after menopause (Reeves et al., 2007, 

Huang et al., 1997, Nelson et al., 2012, Van Den Brandt et al. , 2000). 

iJ DIETS: In most cancer cases including breast cancer, diet is suspected to be a risk factor. 

Nevertheless, there is no known evidence that shows a relationship between breast cancer 

risk and diet. However, since it is suspected that diets rich in fat especially saturated fat, 

raises the risk, it is therefore important to avoid food that are rich in saturated fats in order 
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to the promote good overall healthy living (Tsubura et al., 2005). Such foods, include: red 

meat, food with too much cholesterol, diary fat in cheese, milk and ice cream, which may 

contain certain hormones, other growth factors and antibiotics and pesticides (Eliassen et 

al., 2012, Aune et al., 2012, Jung et al., 2013). Low fat diets-rich in fruits and vegetables, 

are generally recommended as a recent study suggests that risk and reoccurrence of breast 

cancer may be reduced significantly by eating these low fat diets (Chandran et al., 2012). 

✓ LACK OF EXERCISE: It is becoming evident (from research) that physical activity 

reduces breast cancer risk and there is a chance of breast cancer risk reduction when 

exercising regularly at a moderate or intense level of between 4-7 hours per week. 

However, there are still arguments by various bodies about how much exercise is needed. 

The Women's Health Initiative recommends as little as between 1 ¼ to 2½ hours per week 

of brisk walking as this can reduce a woman's risk by - 18%, while the American Cancer 

Society recommends engaging in 45-60 minutes of physical exercise per day, 5 or more 

days a week (Eliassen et al., 2010, Wu et al., 2013, Hildebrand et al., 2013). By exercising, 

blood sugar limits are reduced and blood levels of insulin growth factor are controlled and 

a hormone that can affect how the breast cells grow and behaves. Regular exercise prevents 

excessive fat accumulation and this tends to reduce the risk in such persons and more likely 

to maintain a healthy weight when compared to people who do not exercise. Since the more 

the fat cells the more estrogen is produced, people who do not engage in any form of 

physical exercise become exposed to extra estrogen overtime and then the risk of 

developing breast cancer becomes higher than when they do not exercise (Caan et al. , 

2006). 
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✓ ALCOHOL CONSUMPTION: Alcohol intake is obviously related to breast cancer and 

several other cancers. Breast cancer risk tends to increase with the amount of alcohol 

consumed by women (Dumitrescu and Shields, 2005, Hamajima et al., 2002). Alcohol 

causes breast cancer primarily by increasing estrogen levels and limiting the ability to 

control the hormone in the body. In addition, alcohol can damage the cell's DNA thereby 

increasing breast cancer risk when compared to women who do not drink at all. For women 

who consume about three alcoholic drinks per week, they are at risk of breast cancer by 

15% and from estimation, they are liable to an additional 10% risk increase for each 

additional drink each day. According to studies conducted on over one million middle aged 

British women, it was established that there is an increase of breast cancer cases by l lcases 

per 1000 women for every additional daily alcohol intake (Room et al., 2005). 

✓ SMOKING: In recent studies, it has been discovered that there is higher risk of breast 

cancer in women who have indulged in heavy smoking, especially those who started 

smoking before they had their first child; the reason being that breast tissues appear most 

sensitive to chemical carcinogen in this phase and that breast cells are not fully 

differentiated until lactation (Xue et al., 2011 ). This conclusion is "suggestive but not 

sufficient" evidence according to the 2014 US Surgeon General's report of breast cancer. 

Another active focus ofresearch is whether secondhand smoke increases the risk of breast 

cancer, since both mainstream and second-hand smoke contain chemicals in high 

concentrations. In a study on rodents, it was observed that both mainstream and second­

hand smoke caused breast cancer. However, this study remains unclear in a way because 

the link between breast cancer and smoke is unclear in second-hand smoke, but then it is 

said that chemicals in tobacco smoke reach breast tissue and are found in breast milk. Going 
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by the conclusion made by the California Environmental Protection Agency in 2005 about 

second-hand smoke and breast cancer, there seems to be a "consistency with a causal 

association" in younger, mainly pre-menopausal women hence a "suggestive but also not 

sufficient" evidence of a link at this point. In any case, this implies that second-hand smoke 

should be avoided because there is a 75% breast cancer risk increase by breathing second­

hand smoke, especially in premenopausal women and young women (Sasco et al. , 2003, 

Oze et al. , 2011 , Ha et al., 2007, Marcus et al. , 2000). 

✓ ENVIRO MENTAL FACTORS: Even though there are several uncertainties as to 

which environmental factors are involved in breast cancer, there is an increased evidence 

to support a convincing theory that states that exposure to certain man-made chemicals that 

can mimic hormones is the cause of breast cancer. Yet, few of the manmade chemicals in 

use today have gone through thorough safety and toxicity assessments (Brody and Rudel , 

2003), and from findings it is now obvious that a few of these chemicals have undesirable 

properties. Usually, these environmental compounds act by mimicking hormones, such as 

estrogen or they affect the susceptibility to carcinogenesis (Gray et al. , 2009). Particular 

focus is on those chemicals which are known to cause cancer in the mammary (breast) 

tissue ("mammary carcinogens") and chemicals that can mimic estrogen. These chemicals 

are called hormone disruptors or "endocrine disrupting" chemicals and examples are: 

diethylstilbestrol (the synthetic estrogen DES), dioxin and dioxin-like compounds, 

polychlorinated biphenyls (PCBs), and some other pesticides. (Weyandt et al. , 2008). 

✓ ORAL CONTRACEPTIVES/PILLS: Drugs, such as diethylstilbestrol (DES), 

contraceptive pill and estrogen therapy, are artificial estrogens that have been shown to 

increase a woman' s risk of breast cancer. In the 1950s and 60s, diethylstilbestrol (DES) 
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was given to women in order to prevent miscarriage, but it was ineffective and research 

has shown that there was a doubled breast cancer risk for the daughters of the women who 

took the drug (Palmer et al., 2006). Also, the use of oral contraceptives is linked to a slight 

increase in the risk of a woman developing breast cancer, but only for a short period of 

time. Suggestions from studies are that there is no increased breast cancer risk in women 

who stopped the use of contraceptives for over 1 0years and then greater risk of breast 

cancer exists for women who started using hormonal contraceptives before the age of 20 

or before their first full-term pregnancy (Parkin, 2011 ). 

✓ HORMONE REPLACEMENT THERAPY(HRT): According to the results of 

Women's Health Initiative (WHI) , when the effect of estrogen and the combination of 

estrogen and progestin with placebo on chronic disease risk was observed, users of 

combination therapy for hormone replacement have 53% increased invasive breast cancer 

risk while users of estrogen alone have 34% increased breast cancer risk, especially if used 

for over 5 years (Rossouw et al. , 2007) . Prior this study being carried out, there were 

suggestions by earlier studies that cancers developed as a result of HRT, were of more 

benign pathology and had a more favourable prognosis (Smith et al. , 1996). However, a 

re-assessment of the WHI data proved these suggestions are invalid, since invasive breast 

cancers, associated with estrogen plus progestin usage were larger (1.7 cm vs 1.5 cm, p 5 

0.04), were more likely to be node positive (26% vs 16%, p 5 0.03), and were diagnosed at 

a significantly more advanced stage (regional/metastatic 25 .4% vs 16%, p 5 0.04 ). There 

were similarities in the estrogen and progestin group when compared to the placebo group 

in terms of the percentages and distribution of invasive ductal , invasive lobular, mixed 

ductal , and lobular as well as tubular carcinomas (Chlebowski et al. , 2003). There was a 
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statistically significant increase in breast density in the estrogen plus progestin group, 

resulting in increased incidence of abnormal mammograms (9 .4% vs 5 .4%, p,0.001) over 

a one year observation period (Chlebowski et al., 2003). Gann and Morrow in a JAMA 

editorial noted that in combined hormone therapy, the agent increases the risk of 

developing a disease, yet at the same time delays its detection and this ability possessed by 

combined hormone therapy creates an almost unique situation (Gann and Morrow, 2003) . 

In addition, reports by Li et al. (2003) reveal that women who used unopposed estrogen 

replacement therapy (ERT) had no significant increase in breast cancer risk. However, 

women who used combined estrogen and progestin hormone replacement therapy, had an 

overall 1.7-fold (95% CI 1.3- 2.2) increased risk of breast cancer, including: (i) a 2.7 -fold 

(95% CI 1.7-4.3) increased risk of invasive lobular carcinoma, (ii) a 1.5-fold (95% CI, 

1.1-2.0) increased risk of invasive ductal carcinoma, and (iii) a 2-fold (95% CI 1.5- 2.7) 

increased risk of ERl/PRl breast cancers (Li et al., 2003 ). Hormonal replacement therapy 

was also associated with a substantial increase in abnormal mammograms and a higher 

breast cancer risk is generally observed in women who are currently using hormonal 

replacement therapy or have used it in the past, whereas, the use of hormones for treatment 

of menopausal symptoms for a short period of time appears to have little or no breast cancer 

risk (Colditz, 1999). 

• NON-PREVENTABLE RISK FACTORS 

✓ AGE: Age has been a risk factor largely associated to breast cancer. This is because from 

studies, it has been observed that the longer one lives, there are more opportunities for 

genetic damage (mutation) in the body and the body becomes less able to repair genetic 

damages. Statistically, at age 20, one's risk is 1 in 1,681, at around age 40 (1 in 69) and as 
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the age increases to 70 or older (1 in 27) and if all women lived to age 95 (1 in 8), hence 

more risk increase, but most women tend to die before age 95 due to other di seases aside 

breast cancer. Also, about 1 out of 8 invasive breast cancers are found in women younger 

than 45 , while about 2 of 3 invasive breast cancers are found in women aged 55 or older. 

The probability of breast cancer rises with age but breast cancer tends to be more aggressive 

in younger people (Nelson, 2006). 

J SEX: When compared to any other risk factors , gender is the greatest factor, since it is 

obvious that most breast cancer cases occur 100 times more in women than in men. This is 

largely because the breast tissues in men is less than in women and also that they have less 

female hormone (estrogen and progesterone), which promotes the growth of breast cancer 

(Fentiman et al., 2006, Petrocca et al., 2005, Weiss et al., 2005). For a woman, breast cells 

are constantly changing and growing mainly due to the activity of the female hormones 

estrogen and progesterone, hence they are more susceptible to breast cancer. Studies show 

that < 1 % of all breast cancer cases in the United States and - 0 .1 % of cancer mortality, 

occurs in men. However, in Africa this situation may be different, since between 5-15% of 

breast cancer in Uganda and Zambia, may occur in males (Fentiman et al. , 2006, Okobia 

and Osime, 2001, Sano et al., 1997, Kidmas et al. , 2005, Loefler, 1997, Smith et al., 1996). 

Although men still develop the diseases, in most cases, they are more likely to be diagnosed 

with hormone receptor positive tumours, with about six out of seven cases being estrogen­

receptor positive and it occurs often in men who are older than women, however, the 

overall outcome remains worse for women than men (Giordano et al., 2004). 

:J FAMILY HISTORY : Often, breast cancer tends to be higher in women who have a famil y 

history of the disease . When a parent, sibling or child develops breast cancer, it is 
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considered a first-degree risk for other family members, especially if it occurs in 

conjunction with ovarian cancer or affects both breasts or before menopause or age 50. The 

risk is increased by 3-4 times if more than one first degree family member develop breast 

cancer when compared with women who do not have any relative that is affected by the 

disease (Hoskins et al. , 1995). Cases where the father or brother has a family history of 

breast cancer, the woman has an increased risk of breast cancer, although the exact risk is 

unknown. From statistics, less than 15% of women with breast cancer have a family 

member with this disease and this implies that most women (- 85%) who develop breast 

cancer, do not have a family history of this disease(Greene, 1997). Risk ratios for women 

who have one, two, three affected family members are 1 :8, 2:9 and 3:9, respectively 

(Dumitrescu and Cotarla, 2005). It is advised that breast cancer screening should be 

conducted for such women at an early age. In 5% of breast cancer cases, there is a strong 

inherited familiar risk (Lacroix and Leclercq, 2005). A father or brother diagnosed with 

breast cancer, also increases the risk (Valeri et al. , 2000, Anderson and Badzioch, 1993 , 

Beebe· Dimmer et al., 2015). 

J GENETICS : The role of genetics as a risk factor for breast cancer is limited because only 

between 5-6% breast cancer cases are hereditary (Malone et al., 1998). Two tumour 

suppressor genes; BRCA-1 and BRCA-2 account for an estimated 80% of hereditary breast 

cancer. They are important in DNA damage processing, genomic integrity preservation and 

they are inherited in an autosomal dominant fashion with varying penetrance. Women who 

are positive to these genes have a 50 to 85% lifetime risk of developing breast cancer and 

between 15 to 65% risk of developing other cancer at age 25 (Haber, 2002 , Buchholz et 

al. , 2002) . There is a relatively hi gh prevalence in European Ashkenazi Jewish population 
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and their descendants when compared to Europe and North America, BRCAl is found in 

0.1 % of the general population when compared with 20% in the Ashkenazi Jewish 

population and it is found in 70% of women with inherited early-onset breast cancer 

(Bland, 2005). It is suggestive that there may be significant differences in the genetics of 

hereditary breast cancer in Africa because it has been discovered that there is uniqueness 

in the BRCA-1 and BRCA-2 mutation and sequence (McKean-Cowdin et al., 2005, Nanda 

et al., 2005). Apart from the fact that between 50-87% of women carrying a mutated 

BRCA-1 gene develop breast cancer during their lifetime, there is also the risk for such 

women to develop other cancer types, such ovarian and prostate cancers. On the other hand, 

the percentage risk of women who have BRCA-2 mutations to develop breast and ovarian 

cancer is between 10-20%, but generally, between 25- 30% is the estimated lifetime risk 

of developing breast cancer. In men who are carriers of BRCA-2, the lifetime risk of 

developing breast cancer is 6%. Other cancer types associated with BRCA-2 are: prostate, 

pancreatic, fallopian tube, bladder, non-Hodgkin lymphoma, and basal cell carcinoma. 

Below are the strategies for BRCA-1 and BRCA-2 carriers' management: 

• Prophylactic mastectomy and reconstruction 

• Prophylactic oophorectomy and hormone replacement therapy 

• Intensive surveillance for breast and ovarian cancer 

• Chemoprevention by using Tamoxifen or raloxifene (post-menopausal women) 

(Nanda et al. , 2005, McKean-Cowdin et al., 2005, Polite and Olopade, 2005). 
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0 RACE AND ETHNICITY: Various risk factors are responsible for the decrease or 

increase in breast cancer risk factors observed among different races and ethnic groups. 

The Caucasian race has more risk, while Asian Americans or Pacific Islanders have 

decreased risk of breast cancer. Age at menarche, age at menopause, age at first birth , 

number of birth, weight of the body, patterns of breastfeeding are risk factors connected 

with these differences. 

Overall, comparing the risk of different races and ethnic groups, Caucasian women and 

are slightly more likely to come down with cancer of the breast than African American 

women, but African-American women are liable to die more of this cancer due to 

changeable or improvable factors , such as limited access to mammography and poor 

quality of medical care and the pattern of their lifestyle (eating habits, weight issues, etc.) 

while Asian , Hispanic and native American women have lower risk of developing and 

dying from breast cancer (Siegel et al. , 2015). However, African American women who 

are below 40 years of age, tend to develop more destructive and more advanced stage of 

breast cancer than Caucasian women below the age of 40. Triple- negative breast cancer 

which is estrogen receptor negative, progesterone-receptor negative and HER-2 negative 

is more aggressive than other types is more common in African American women 

(Hirschman et al. , 2007). 

PERSONAL HISTORY OF BREAST CANCER: A woman that has been previously 

diagnosed of breast cancer is at risk of developing a new cancer in the other breast or 

another part of the previously affected breast and this risk is higher if previous diagnosis 

was made at a tender or young age; although this is different from a recurrence or return of 

the initial cancer (Gao et al., 2003, Trentham-Dietz et al., 2007, Ricceri et al., 2015). 
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Research has shown that women who had prior history of invasive carcinoma or ductal 

carcinoma in situ have between 0.5-1 % per year risk of developing a new invasive breast 

carcinoma, while those with prior cases of atypia ductal or lobular hyperplasia have 

between four to five times higher risk of developing breast cancer. Those with proliferative 

lesions without atypia, such as moderate hyperplasia and sclerosing adenosis, are 

associated with a slightly increased risk of between 1.5-2%. According to (Santen and 

Mansel, 2005), palpable cysts, fibroadenomas and duct papillomas which are the other 

common non proliferative changes, are not associated with a significantly increased risk. 

Furthermore, people with previous cancer cases of other types, are at a higher risk of future 

reoccurrence of breast cancer. Also, mothers of children with soft-tissue sarcoma and men 

with prostate cancer may have an elevated risk of breast cancer, although, the absolute risk 

remains low in both cases (Levi et al., 2006). 

2.4.3 TYPES OF BREAST CANCER 

According to Sinn and Kreipe (2013 ), breast cancers are known to be very heterogeneous since 

they can either be invasive or non-invasive. 

NON-INVASIVE BREAST CANCER 

Non-invasive cancer called in situ ("in the same place") or pre-cancer is that which remains in a 

place usually within the milk ducts or lobules in the breast. Their growth does not spread into or 

invade normal tissues that are within or beyond the breast. 

INVASIVE BREAST CANCER: On the other hand, invasive cancer is that which spreads or 

invades normal tissues that are within or beyond the breast and it is of different types. The 
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following are the various classification of invasive breast cancers, based on the region of the breast 

where they originate. 

(a) Invasive ductal carcinoma (IDC): This cancer type originates in the milk ducts of the breast, 

capable of spreading outside the membrane of the duct or lobule and it accounts for between 70-

80% of all invasive breast cancers (Dushkin and Cristofanilli, 2011). 

(b) Invasive lobular carcinoma (ILC): This is the second most common cancer type which 

originates in lobules that produce milk in the breast and accounts for ~ 10% of all invasive breast 

cancers. Due to the formation ofa thick line rather than a lump by the cells, it is often less sensitive 

to mammogram; that is, it is harder to detect (Eheman et al., 2009). 

( c) Inflammatory breast cancer: This cancer type is usually very aggressive and always, it can be 

advanced locally, if not metastatic. Its diagnosis is basically clinical with diffuse erythema and 

edema, often without a mass on the majority of the breast. It probably accounts for between 1-5% 

of invasive breast cancers (Sinn and Krei pe, 2013 ). 

(d) Paget' s disease: This cancer type originates in the nipple then further spread to the areola 

causing redness and itchiness of the nipple and areola too. It accounts for less than 5% of invasive 

breast cancer cases and it has been observed that most patients with this type of cancer already 

have cancer in another region(s) of the breast (Dushkin and Cristofanilli, 2011). 

( e) Phyllodes tumors: These tumours rarely metastasize and their growth pattern is like a leaf and 

it accounts for <1 % of breast cancer (Eheman et al. , 2009). 
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2.4.4 SIGNS AND SYMPTOMS OF BREAST CANCER 

With the introduction of mammograms for breast cancer screening, the number of detected breast 

cancer cases has increased even before any symptom is identified. However, some breast cancers 

are still not detected because of reasons, such as non-performance of test or mammogram's 

inability to detect the mass or lump, which is often the most common symptom of breast cancer. 

The different characteristics exhibited by this mass can hinder self-diagnosis because a mass can 

be painless, hard, and have uneven edges, it also can be tender, soft, or rounded and painful. 

Therefore, it is necessary to have any new breast mass, lump, or change be examined by some 

medical personnel that are experienced in diagnosing breast diseases. Other symptoms related to 

cancer of the breast are: swelling of all or part of a breast even in the absence of a distinct lump, 

irritation or dimpling of the skin, pain in the breast or nipple, nipple retraction (turning inward), 

redness, scaliness, or thickening of the nipple or breast skin and discharge from the nipple other 

than breast milk. Because other things may be responsible for any of these symptoms, it is 

therefore, advisable to contact a health provider for proper diagnosis (Girish et al., 2014). 

2.4.5 BREAST CANCER TREATMENT 

Most pharmaceutical drugs that are generally used in the treatment ofcancer, as earlier discussed, 

have been employed and used over the years to cure breast cancer. However, these anticancer 

drugs, used for clinical treatments, are faced with encumbrances, such as: toxicity, de novo 

refraction, and acquired multidrug resistance (MDR), which limit their efficacy, hence the need to 

explore and discover combined therapeutic procedures, by combining two or more drugs for better 

and more effective treatment of the di sease. Paclitaxel (Taxol®), which belongs to the taxane class 

of anticancer drugs, is one of such common drugs used for treating different types of cancer. It acts 

by stabilizing microtubule that is responsible for selective arrests of cells in the G2/M phase of the 
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cell cycle, and it also induces cytotoxicity in a time and it is a concentration-dependent form of 

therapy (Peltier et al. , 2006, Brito et al., 2008, Jordan and Wilson, 2004, Ganguly et al., 2010, 

Bharadwaj and Yu, 2004). 

2.4.6 COMBI ATION THERAPY IN BREAST CANCER TREATMENT 

This excellent therapeutic approach was first formulated by Skipper and Schabel and described as 

the log-kill hypothesis (Katzung et al. , 2011 ).The major basis for introducing the use of 

combination therapy in breast cancer treatment is to apply different methodologies that exhibit 

various mechanisms of action. This combined treatment (use of two or more approaches) aims to 

target different key signal transduction pathways, thereby having a method with better efficient 

cancer cells destruction and eluding the cellular resistance mechanisms, thereby enhancing the 

overall therapeutic efficacy of drugs. Also, an additional advantage and even synergistic effects, 

such as a reduction of the dosage of the most toxic component, is sometimes possible, with 

decreased or total elimination of noxious side effects (Cavo et al. , 2011) . 

Over the last few decades, the basis for combination chemotherapy development has remained 

constant. Currently, the fast growing interest of combining drugs for breast cancer treatment is 

hinged on the following principles: 

i) To use drugs that do not have overlapping toxicities, such that the administration of each drug 

can be at near-maximal dose; 

ii) To combine agents with different mechanisms of action and minimal cross-resistance in order 

to inhibit the emergence of broad spectrum of drug resistance; 

iii) To preferentially use drugs with proven activity as single drugs; 
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iv) To overcome the limited log kill time of individual anticancer drugs; and 

v) To administer the combination at early stage of the disease and at a schedule with a minimal 

treatment-free period between cycles but still allows the recovery of sensitive target tissues (Mayer 

and Janoff, 2007, Harasym et al., 2006, Ramsay et al., 2005, Zoli et al., 2001). 

Furthermore, sub clones resistant to only one of the agents can potentially be eradicated (Kang and 

Park, 2012). Some of the notable advantages of combination chemotherapy, include: (a) improved 

patient compliance due to the reduced number of administrations of drugs, (b) the emergence of 

additive or synergistic interaction effects, ( c) the ability to overcome or delay multi drug resistance 

and ( d) the reduction of drug dose with consequent diminishing of toxicity to healthy tissues 

(Chou, 2006, Chou, 2010, Ramsay et al., 2005). Quite a number of methods of quantitative 

evaluation of drug-combined interaction effects have been employed and this has revealed the 

various effects of these drugs when combined. Their effect at different concentrations can be 

synergistic (superior), antagonistic or addictive ( equal or inferior respectively) to the expected sum 

of individual effects (Zoli et al., 2001, Merlin, 1993, Pinto et al., 2011 ). Addictive means that each 

constituent contributes to the effect in accordance with its own potency (Chou, 2006, Pinto et al. , 

2011 ). These effects can be identified by carrying out systematic screening analysis of drug 

combinations (Mayer and Janoff, 2007). For a maximal therapeutic efficacy in vivo, it is important 

to schedule drug dosage so that the tumour cell will be exposed to a well defined concentration of 

the drug. This is because a synergistic activity, depends largely, on drug to drug ratio and that the 

dependence has profound implications on clinical application, since in vivo activity relies on the 

maintenance of those therapeutic ratios at the disease site (Mayer and Janoff, 2007, Harasym et 

al., 2006, Mayer et al., 2006, Zhao et al., 2008). 
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2.5 CURCUMIN 

Curcumin is the active component in the traditional herbal remedy and dietary spice turmeric. It is 

a yellow spice obtained from the roots (rhizomes) of the plant, Curcuma longa. Curcuma longa is 

a perennial plant with short stems, curved leaves, oblong rhizomes that grows to about 100cm in 

height and it is naturally found throughout the Indian subcontinent and in tropical countries, 

particularly the South East Asia. As far back as over 5,000 years, curcumin has been used in 

"Ayurvedic medicine" and also as an ancient Indian healing system as an "herbal aspirin" and 

"herbal cortisone", used to relieve discomfort and inflammation associated with an extraordinary 

spectrum of infectious and autoimmune diseases (Sharma et al., 2005, Pal et al. , 2001). 

(a) (b) 

Figure 2.5: Afigure showing Curcumin in different forms: (a) crystalized curcumin powder and 

(b) the root of turmeric(Yang et al., 2014) 

The chemical formula of curcumin is diferuloylmethane (shown in Figure 2.6 below) and has its 

structural formula as (C21H20O6). Its antioxidant, anti-toxic, anti -inflammatory, cancer 

chemopreventive and potentially chemotherapeutic properties have been widely studied and 

acknowledged by many researchers (Sharma et al. , 2005, Pal et al., 2001, Pal et al., 2005, Oyama 

et al. , 1998, Sugimoto et al., 2002, Campbell and Collett, 2005). Even though these 

pharmacological and supposed anticancer properties of curcumin have been the subject of 
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investigations and paper publications, the superiority of the phytochemicals present in curcumin 

over other chemotherapeutic agents that also induce apoptosis successfully in cancer cells has not 

been proven. 

From studies, cancer cell apoptosis induction by most chemotherapeutic agents, including those 

isolated from plants, e.g. taxol and vincristin also cause serious damage to the normal cells of the 

host, with the immune system being affected more severely (Vial and Descotes, 2003). On the 

contrary, curcumin is used as part of our daily food and even in large quantities from ancient time, 

without any known side effects, thereby proving its safety (Sharma et al., 2005). It has been 

observed that death is much more pronounced in tumour cells than normal cells, since highly 

proliferating cells are the major targets during apoptosis induction by curcumin (Choudhuri et al., 

2002). Furthermore, laboratory report revealed that curcumin did not induce apoptosis in non­

malignant (benign, i.e not cancerous) cells in the GO phase of the life cycle of cells, rather it only 

arrests the cells in a reversible manner (Choudhuri et al., 2005). More studies on the mechanism 

ofaction of this phytochemicals and chemotherapeutic agents show that they protect the T cells of 

the cancer bearer from cancer (Choudhuri et al., 2002, Bhattacharyya et al., 2007). 

HO OH 

Figure 2.6: A figure showing the chemical structure of curcumin (Maheshwari et al., 2006) 
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2.5.1 MECHANISIM OF ACTION OF CURCUMIN IN BREAST CANCER TREATMENT 

One of the mechanisms of action of curcumin is seen in its effect on the oncogene proteins of 

proliferation and apoptosis. This mechanism of action is exhibited by inhibiting the proliferation 

of tumour cells and inhibiting oncogene proteins of proliferation and apoptosis. This inhibitory 

mechanism is seen when curcumin is used alone or in combination with other therapeutics 

(Kunnumakkara et al., 2008). According to (Banerjee et al., 2010), curcumin also acts by inducing 

G2/M arrest and apoptosis, inhibiting cell proliferation by inhibiting the assembly dynamics of 

microtubules and then activating the mitotic checkpoint in the MCF-7 cells. In addition, curcumin 

suppresses the expression of zeste homolog 2 (EZH2) genes in cells that are accumulated in the 

G 1 phase of the cell cycle through the stimulation of three major members of the mitogen-activated 

protein kinase (MAPK) pathway: c-JunNH2-terminal kinase (JNK), extracellular signal-regulated 

kinase (ERK) and p38 kinase (Hua et al., 2010). Other routes by which tumor cell growth is 

prevented or stopped by curcumin are inhibiting the expression of Ki-67 , proliferating cell nuclear 

antigen (PCNA) and p53 mRNAs in breast cancer cells. It also induces Bax mRNA expression 

with the down-regulation of p21 mRNA in the human mammary epithelial cell line 

(Ramachandran and You, 1999). Furthermore, since growth ofbreast cancer is associated with the 

abnormal activation of the Wnt/~-catenin signaling pathway, curcumin therefore acts by inhibiting 

the expression of ~-catenin , cyclin DI and slug in both MCF-7 and MDA-MB-231 cells (Prasad 

et al. , 2009). Further studies have shown that curcumin also acts by increasing the gene expression 

of maspin, a serine protease inhibitor, which suppresses tumour growth and metastasis in vivo, 

tumour cell motility and invasion in vitro in MCF-7 cells with the up-regulation of p53 protein and 

down regulation of Bcl-2 . From another report, curcumin acts by reducing the expression of Bcl-

2 by up-regulating the expression of miR-1 Sa and miR-16 in MCF-7 cells (Yang et al. , 2010). Data 
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obtained from studies carried out by Chiu and Su (2009) revealed that curcumin can also inhibit 

the proliferation of MDA-MB-231 cells either through up-regulating p21 expression or up­

regulating the Bax to Bcl-2 ratio. In malignant breast cancer cells, AIP-1/ Alix protein, which is an 

inhibitor protein of paraptosis, is progressively down regulated by treating with curcumin (Yoon 

et al., 2010). Furthermore, curcumin directly inhibits the function of a6~4 integrin, thereby 

inhibiting ultimately, breast cancer cell motility and invasion (Im Kim et al., 2008). 
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Figure 2. 7: A figure showing the mechanism of action of curcumin 

Another anti-cancer effect of curcumin is also seen on nuclear factor-KB (NF-KB) which is 

responsible for mediating cell survival, proliferation and metastasis. Most therapeutic agents with 

anticancer activities act by activating nuclear factor-KB; therefore, curcumin plays its anticancer 

role by inhibiting the migratory activity of breast cancer cells, proliferative rate, adhesion, and 

invasion by down-regulating the expression ofNF-KBp65 (Chiu and Su, 2009, Kang et al. , 2009, 

Zong et al. , 2012). Curcumin has also been found to decrease the human epidermal growth factor 

2 (HER2), which is a major oncoprotein, often overexpressed in 15 to 25% of breast cancers HER2. 

Also, a decrease in phosphorylation of Akt, MAPK, and the expression ofNF-KB in both BT-474 

and SK-BR-3-hr cells, have been associated with the activity of curcumin (Lai et al. , 2012). 
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Furthermore, the efficacy of chemotherapy is enhanced by curcumin and this was achieved by 

modifying p65NF-Jd3-p300 cross-talk in favor of p53-p300 for breast cancer (Sen et al. , 2011). In 

addition, as a result of the effect of curcumin on p65, protein expression and transcriptional activity 

via NF-Jd3 in blocking recepteur d 'origine nantais (RON) tyrosine kinase-mediated invasion of 

carcinoma cells a potential therapeutic role is further exhibited (Narasimhan and Ammanamanchi, 

2008). 

Beside all these effects exhibited by curcumin, it has also been discovered that curcumin affects 

the vascular endothelial growth factor (VEGF). From clinical observations, curcumin may be 

beneficial in suppressing the elaboration of vascular endothelial growth factor in tumour cells 

because it has been revealed that curcumin suppressed breast tumour angiogenesis by abrogating 

osteopontin or medroxyprogesterone acetate induced by VEGF expression (Chakraborty et al., 

2008, Carroll et al., 2008). An alteration in the intracellular localization of a6~4 by curcumin is 

known to prevent the association of a6~4 with signalling receptors such as the epidermal growth 

factor receptor (EGFR) and Akt, thus it can be concluded that curcumin inhibits a6~4 signaling 

and functions (Soung and Chung, 2011 , Somers· Edgar et al., 2008). Furthermore, a better efficacy 

has been observed by combining epigallocatechin gallate (EGCG) and curcumin in vitro and in 

vivo models of ERa-breast cancer. It is important to know that the regulation of VEGFR-1 can 

play a key role in the antitumor activities in all these processes (Somers· Edgar et al., 2008). 

2.6 DOXORUBICIN 

Doxorubicin (DOX), alongside daunorubicin, idarubicin and epirubicin, which are its analogues 

belongs to anthracyclines family. Before the discovery of the doxorubicin from Streptomyces 

peucetius var. caesius, a mutagenic Streptomyces peucetius in 1969, the first anthracycline 

antibiotics that was isolated in the early 1957 from the actinobacterium Streptomyces peucetius is 
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daunorubicin (Arcamone et al., 2000, Alsaad et al. , 2012, Di Marco et al., 1980). Ever since the 

discovery ofDOX, it has become one of the most effective and widely used drugs in the treatment 

of several ailments, especially cancer, due to its high antineoplastic activity to breast cancer, 

aggressive lymphomas, childhood solid tumours and soft tissue sarcomas (Volkova and Russell, 

2011, Minotti et al., 2004, Quiles et al., 2006). It has been a successful therapeutic agent for diverse 

forms of malignant tumours, such as lymphomas and various solid tumours such as breast cancer, 

small cell lung cancer and ovarian cancer (Ogura, 2001 , Zhong et al. , 2013). However, there has 

been limitations in the use of DOX in chemotherapy because of its diverse side effects such as 

toxicities, hematopoietic suppression, nausea, vomiting and alopecia and cardiac toxicity; this is 

the most dreaded side effect amongst them all, since it is cumulative and dose dependent. 

Doxorubicin has a complex structure that is closely associated with its main mechanisms of action 

and metabolism. 

0 O H 0 

I 

H O 

H C 

Figure 2.8: A figure showing the chemical structure of doxorubicin (Minotti et al., 2004) 
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Doxorubicin has a tetracyclic aglycone structure that is linked to an amino sugar by a glycosidic 

bond at the C-7 in ring A, called daunosamine. It is this amino sugar that provides a hydrophilic 

center for doxorubicin. It consists of a short chain with a carbonyl group and a hydroxyl group at 

the C-13 and C-14 respectively. The hydroxyl group is attached at C-9 to ring A and in addition, 

a quinine group and a hydroquinone group are present in rings C and B respectively . In addition, 

a methoxyl substituent is seen to be linked to ring D at C-4. (Minotti et al., 2004, Arcamone et al. , 

2000). The hydroxyl group at C-14 in doxorubicin, and the methyl group at C-14 in daunorubicin 

are responsible for the only structural difference between both drugs. 

2.6.1 MECHANISM OF ACTION OF DOXORUBICIN IN BREAST CANCER 

TREATMENT 

A lot of different mechanisms of action of doxorubicin-induced anticancer cytotoxicity have been 

studied but certain issues are still obscure and debatable thus the need for further intensive studies 

of the mechanisms of action. Despite the lack of clarity surrounding the mechanism of action of 

DOX, Minotti and his colleagues recently appraised the discovery already made in line with the 

mechanism of action of anticancer cytotoxic activities of doxorubicin and then summarized them 

as follows (Minotti et al., 2004): 

• Inhibition of topoisomerase II (topo II) triggered by DNA intercalation: This is the 

first mechanism of action that was characterized (Tewey et al. , 1984, Cortes-Funes and 

Coronado, 2007). It has been discovered that during cell replication, topoisomerase II , a 

nuclear enzyme is responsible for the alteration of the topological state of double-stranded 

DNA, which leads to the breakage of transitory double-stranded DNA and rejoining the 

DNA after altering the twisted status of the double helix. This activity and function of 

topoisomerase II is however inhibited whenever cells are treated with doxorubicin. 

71 



Doxorubicin directly intercalates into the DNA double-stranded helix in the nucleus when 

rings B and C of doxorubicin overlap with the base pairs and its ring D passes through the 

intercalation site. In addition, there is an interaction between the amino sugar located in the 

DNA minor groove and the flanking base pairs that are immediately adjacent to the 

intercalation site (Minotti et al., 2004). Stabilization of topoisomerase II-DNA complex is 

experienced when there is an intercalation of doxorubicin with DNA. This prevents the 

DNA double-stranded helix to re-join after the breakage of the transient double-stranded 

DNA by topoisomerase II, thus cell replication is disrupted. This mechanism is referred to 

as the main cytotoxicity mechanism, based on the observation made when cancer cells were 

exposed to low concentration of doxorubicin of between 1-2 µM ( equivalent to 0.544-1.087 

µg/mL) in vitro (Gewirtz, 1999, Chabner and Longo, 2011 ). The peak plasma 

concentrations (Cmax) and the tumour tissue concentrations of doxorubicin after a large 

dose of doxorubicin administered to patients can achieve the in vitro concentration in 

clinical settings (Lee et al., 1980), since it has been observed that the concentrations of 

doxorubicin in the cells of patients with lymphoma and multiple myeloma is above the 

concentration for a few days (La-Beck et al., 2012, Speth et al. , 1988, Andersen et al. , 

1999). 

• Oxidative damage mediated by generation of free radicals: Cell death can be linked to 

oxidative damage mediated by the generation of free radicals. For this free radicals to be 

generated, quinine group in doxorubicin ring C is catalyzed by a number of NAD(P)H 

(nicotinamide adenine dinucleotide phosphate in the reduced form) oxidoreductases, 

including cytochrome P450 or b5 reductases, mitochondrial NADH dehydrogenase, 

xanthine dehydrogenase and endothelial nitric oxide synthase (reductase domain) to accept 
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a free electron to form semiquinine doxorubicin and this free radical semiquinine further 

reacts with molecular oxygen to produce the superoxide anion (02 - ), hydrogen peroxide 

(H2O2) and hydroxyl radicals (OH). These free radicals are often found in the cells when 

doxorubicin concentrations in vitro are far greater than 2µM. This validates the report that 

free radicals contribute to the anticancer toxicity of doxorubicin through direct DNA 

cleavage, the production of lipid peroxidation to damage cell membrane and the increase 

of ceramide generation to activate proapoptotic cycle ( Speth et al., 1988, Minotti et al., 

2004). 

• Apoptosis induced by tumor protein p53-dependent and/or tumour protein p53-

independent pathway: Another route by which doxorubicin exerts its effect as an 

extracellular signal in inducing apoptosis has been observed in the activation of tumour 

protein p53-dependent pathway and/or tumour protein p53- independent pathway. 

Doxorubicin has the ability to increase the level of the tumour protein p53, which is a DNA 

binding protein. An increase subsequently results in the up-regulation of the cyclin­

dependent kinase inhibition of protein p21 wafl /cip 1, thus inhibiting DNA synthesis and 

causing GI arrest (Minotti et al. , 2004). There are also other several tumour protein p53-

independent pathways through which doxorubicin has been observed to induce apoptosis. 

One of such pathways is the direct stimulation of sphingomyelinases (SMases) by 

doxorubicin to hydrolyze sphingomyelin (SM) to generate ceramide. Further activation of 

JNK (c-Jun N-terminal kinase) pathway and blockage of serine-threonine Akt/PKB 

(protein kinase B) survival pathway, is displayed by the generated ceramide, a second 

messenger and thus, inducing apoptosis (Minotti et al. , 2004, Kolesnick, 2002) . The 

alternate pathway is observed when doxorubicin causes damage to the mitochondria 
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directly, leading to cytochrome-C release and subsequently causing apoptosis in cancer 

cells (Minotti et al., 2004). 

• Interactions with proteasome to mediate-transport of doxorubicin into the nucleus: 

Accumulation of doxorubicin in the nucleus is of great importance, chiefly because the 

inhibitory anticancer cytotoxicity mechanism of doxorubicin on topoisomerase II occurs 

in the nucleus. From recent research, it has been shown that the entrance of doxorubicin 

into the nucleus does not happen passively, but rather by the aid ofa specific carrier known 

as 26S proteasomes, a normal degradation protein. Doxorubicin-proteasome complex is 

usually formed in the cytoplasm when there is a high infinity binding between doxorubicin 

and 26S proteasome. After the formation of this complex, translocation through the nuclear 

pores takes place, allowing the complex arrive at the nucleus. On arrival, doxorubicin 

dissociates from the proteasome and then binds with DNA with higher affinity (Kiyomiya 

et al., 2001, Kiyomiya et al. , 1998, Minotti et al., 2004). Preclinical and clinical studies 

have adopted this mechanism for combinational chemotherapy of doxorubicin. An 

example is bortezomib, a novel proteasome inhibition anticancer drug. When bortezomib 

inhibits protea some, degradation of inhibitory protein IkB is prevented, thus inhibiting NF­

kB antiapoptotic activity. Synergic effects were observed when the two drugs were used 

together during preclinical studies due to the distinct binding sites of proteasome between 

bortezomib and doxorubicin (Minotti et al. , 2004). The combinational use of the two drugs 

in the treatment of patients with advanced cancer has been successfully proven in few 

clinical studies done recently (LoConte et al., 2008, Lee et al., 2008a). The figure below 

shows the intercalation into DNA, leading to : (a) the inhibition of the DNA synthesi s or 

(ii) the poisoning of topoisomerase II (TOP2A), generation of free radicals that leads to 
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DNA and cell membrane damage, in addition to (iii) how doxorubicin affects the PK path 

way. 

PROTEASOME 

TOP2A 

MLHl 
MLH2 
ERCC2 

SLC22A16 I - S001 
QOl 
0S3 I - CAT 

XOH I- GPXl 

------[ OOX • SEMIQUI O E J 
ROS 

OXIDATIVE STRESS 

FKbl 

CELL DEATH 

Figure 2.9: A figure showing the mechanism of action of doxorubicin . 

2. 7 DRUG DELIVERY SYSTEM (DDS) 

For over two decades, researchers have embarked on studies into drug delivery systems with the 

aim to improve the therapeutic and curative effects of drugs when administered to humans. Drug 

delivery systems take cognizance of the: (a) methods, (b) approaches or processes employed for 

administering and (c) transporting one or more pharmaceutical compound as required in the body 

systems or parts of humans in order to achieve a therapeutic effect. These systems work by 

75 



targeting specific sites in the body or enhancing systemic pharmacokinetics, but whichever way it 

works, the quantity and duration of the drug's presence in the system are factored into 

consideration. These delivery systems are fast becoming promising alternate routes for drug 

delivery, especially peptides and protein therapeutics (Shantha Kumar et al., 2006). As a result of 

the successes attained by these alternate drug delivery systems, several drug delivery systems have 

been formulated, developed and studied. Examples are: prodrugs, liposomes, microspheres, gels 

among others. Usually, drug delivery is achieved by using a drug's chemical formulation, but 

sometimes it may require medical devices or combination of both. A variety of systems, such as: 

particulate carriers, polymer gels, and lipids among others, have been used as drug delivery 

systems (Bae and Kataoka, 2006, Kim et al., 2008, Nguyen et al. , 2008, Tamilvanan et al., 2008, 

Tang and Singh, 2008, Watanabe et al. , 2008). 

Any drug delivery technology aims to adjust drug release profile, absorption, distribution and 

elimination for better effect and safety, also for convenience and compliance by patients. 

Diffusion, degradation, swelling, and affinity-based mechanisms are basic forms by which drugs 

are released (Fundueanu et al., 2008, Huynh et al., 2008, Nakamura et al., 1999, Wang and Von 

Recum, 2011 , Wang et al. , 2008, Kumar et al., 2008). For any device to be considered appropriate 

for drug delivery or used as a biomedical system, it must possess some properties (Jain, 2008). 

These properties include: 

• Structural control over size and shape of drug or imaging-agent cargo-space; 

• Biocompatible, nontoxic polymer/pendant functionality; 

• Precise, nanoscale-container and/or scaffolding properties with high drug or imaging­

agent capacity features; 

76 



• Well-defined scaffolding and/or surface modifiable functionality for cell specific targeting 

moieties; 

• Lack of immunogenicity; 

• Appropriate cellular adhesion, endocytosis and intracellular trafficking in order to permit 

therapeutic delivery or imaging in the cytoplasm or nucleus; 

• Acceptable bio-elimination or biodegradation; 

• Controlled or trigger-able drug release possibility; 

• Molecular level isolation and protection of the drug against inactivation during transit to 

target cells; 

• Minimal non-specific cellular and blood-protein binding properties; and 

• Ease of consistent, reproducible and clinical-grade synthesis. 

2.7.1 TYPES OF DELIVERY SYSTEMS 

Thus far, different types of drug delivery systems have been discovered and have gained wide 

range of application in various medical fields. All the different types of drug delivery systems in 

use have been classified into two, vis: conventional drug delivery system and the novel drug 

delivery system 

2.7.1.1 Conventional Drug Delivery System 

Conventional drug delivery system often known as traditional system is the one that combines the 

usual and common methods for the delivery of pharmaceutical compounds into the body. It tends 

to have a lot of benefits (Singh et al. , 2011). Examples of this type of delivery systems include (a) 

oral delivery (tablets, capsules and suspensions), (b) buccal / sublingual delivery (tablets and 

chewing gums), (c) rectal delivery, (d) intravenous delivery, (e) subcutaneous delivery and (f) 
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intramuscular delivery amongst others. These individual delivery systems have different 

advantages over one another and also disadvantages. 

(a) Oral delivery: Advantages of this form of drug delivery system include: (i) convenience of 

administration, (ii) non-invasive, (iii) accurate and measured dose, (iv) unit dosage form and (v) 

cheap for the patient, while the disadvantages include: (i) cannot be used by unconscious patients, 

(ii) low solubility and permeability, (iii) degradation by gastro-intestinal enzymes or flora, (iv) 

food interactions and (v) irregular absorption (Verma et al., 2010). 

(b) Buccal / sublingual delivery: Advantages includes: (i) by-pass first pass metabolism (an event 

during drug metabolism whereby the drug's concentration is reduced before it gets to the systemic 

circulation), (ii) rapid absorption and (iii) low enzymatic activity while disadvantages include: (i) 

discomfort during dissolution, (ii) probability of swallowing- loss of effect and (iii) small doses 

(Rawas-Qalaji et al., 2006). 

(c) Rectal delivery: (i) By-pass first pass metabolism and (ii) the fact that it is useful to administer 

drugs to children are the advantages of this form of drug delivery system while its di sadvantages 

are: (i) absorption depends on disease state, (ii) degradation by bacterial flora and (iii) discomfort 

(Chang et al., 1981 , Verma et al., 2010). 

(d) Intravenous delivery: The major advantages of this form of drug delivery include: (i) drug' s 

100% bioavailable, (ii) rapid response, (iii) total control of blood concentration, (iv) maximize 

incorporation of degradable drugs and (v) by-pass first pass metabolism while its disadvantages 

are: (i) that it is invasive, (ii) trained personnel is required to administer the drug and (iii) possible 

toxicity due to incorrect dosing and sterility. 
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( e) Subcutaneous delivery: Advantages include: (i) patient self-administration, (ii) slow but 

complete absorption, (iii) by-pass first pass metabolism while the disadvantages include: (i) 

irritation, (ii) inflammation and (iii) it has a maximum dose volume (Verma et al., 20 I 0). 

(f) Intramuscular delivery: Advantages include: (i) patients can administer the drug themselves, 

(ii) larger volume than subcutaneous can be administered and (iii) by-pass first pass metabolism 

while disadvantages include: (i) invasiveness (patient discomfort), (ii) irritation, (iii) inflammation 

and (iv) may require some training to administer (Verma et al., 2010). 

2.7.1.2 Novel Drug Delivery Systems 

Novel drug delivery systems basically comprise of three individual delivery systems. These are: 

(a) targeted, (b) controlled and (c) sustained/modified release drug delivery system. 

(a) Targeted Drug Delivery System 

Smart drug delivery, as it sometimes called, is a method that delivers medication to patients in 

such a way that the drug is made available for a prolonged period of time and the concentration of 

the drug is relatively increased in the targeted site when compared to other parts of the body. In 

contrast to the conventional drug delivery system, drugs are absorbed across a biological 

membrane and targeted drug delivery systems release therapeutic compounds in dosage form. 

Some of the advantages this method of drug delivery system provides, are: reduction in frequency 

of doses ingested by patients, reduction in the drug circulation fluctuations, decreased side effects 

and these lead to a more even effect of the drug and it retains the required drug levels in the plasma 

and tissue, thereby protecting healthy tissues from damage. However, a few disadvantages have 

been observed with this method of drug delivery system. These include: the limitation in dosage 

adjustment and high cost, hence making production more difficult. 
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Targeted drug delivery system involves and requires a wide range of disciplines for adequate 

optimization of the delivery system. Chemists, material scientists, biologist and engineers, are 

required for combined effort to achieve this. Before a targeted drug delivery system is fully 

implemented, the drug properties, side effects of the drugs, the drug delivery route, the targeted 

site, and the disease to be treated, are factors to be considered (Mark and Torchilin, 2011, Muller 

and Keck, 2004, Vyas and Khar, 2004, Allen and Cullis, 2004 ). 

There are two fundamental approaches employed in targeted drug delivery system. This is because 

it does not only seek to improve the overall therapeutic effects of the drug, but also to decrease the 

toxicity of the drug by permitting drug dosage reduction. These two approaches are widely in use 

and are otherwise known as the classifications of targeted drug delivery system. 

• Passive targeting: Passive targeting in simpler terms, is a drug delivery system that delivers 

drugs through blood circulation. This is the gathering of drug enveloped in drug carrier 

systems at the particular site of the disease in the body. In this type of targeting, the action 

of the drug and drug release are restricted to the sites in the body that is affected. A typical 

example is cancer, whereby anti-cancer drugs are targeted to the tumour site and not the 

liver. Hence, a specific control of the size and surface properties of drug delivery carrier is 

required in order to avoid uptake by other organs (Gref et al., 1994, Rani and Paliwal, 2014, 

Gupta and Sharma, 2011 ). 

• Active targeting: Active targeting occurs mainly after blood circulation and extravasations. 

It is an action that involves specific type of ligand- receptor interaction for intracellular 

localization. Further classification of active targeting method based on the different levels 

of targeting are: 
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✓ First order targeting which is the restriction of the distribution of the drug carrier systems 

to the capillary bed of a predetermined target site, organ or tissue, e.g. compartmental 

targeting in lymphatics, peritoneal cavity, plural cavity, cerebral ventricles and eyes and 

the joints (Rani and Paliwal, 2014). 

✓ Second order targeting involves selecting the particular cite (specific cell type) for delivery 

of drugs. For example, the targeting of tumour cells and not the normal cells and also the 

selective drug delivery to kupffer cells in the liver (Akanksha et al., 2014). 

✓ Third order targeting is the delivery of drugs precisely to the intracellular site of targeted 

cells e.g. receptor based ligand mediated entry ofa drug complex into a cell by endocytosis 

(Kannagi et al., 2004, Muller and Keck, 2004, Gref et al., 1994). 

(b) Controlled Drug Delivery System: Controlled Drug Delivery (CDD) is usually the 

incorporation of therapeutic agents in a drug delivery device and subsequently, there is the release 

of therapeutic agent from the delivery device in a pre-designed form and manner. At the moment, 

stimuli-sensitive drug delivery systems have been an attractive theme for controlled release 

because the release behaviours of drugs can be easily controlled and triggered by environmental 

or external events, such as pH (Lee et al. , 2008b, Connal et al., 2008) temperature (Kurkuri et al., 

2008, Chen et al. , 2007), ionic strength (Shah et al., 2006) and electric field (Nolkrantz et al. , 

2001). This release may happen constantly over a long period or cyclic over a long period of time. 

However, as the release takes place, the ultimate priority is to achieve a more efficient therapy at 

the same time avoiding under dosing and overdosing. A controlled release drug delivery system is 

one which therapeutic drugs are administered at a predetermined rate and time, taking into 

consideration the required concentration of the drug and the drug's pharmacokinetic 

characteristics. This type of drug delivery system makes use of devices capable of encapsulating 
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the therapeutic agent which can be released at a controlled rate, days, weeks or months. This 

system has numerous advantages and these include: tailored drug release rates, protection of fragile 

drugs, patient's compliance and comfort, among others. 

The difference between controlled release and sustained release is that: controlled release is a 

perfectly zero order release; that is, the drug releases over time, irrespective of concentration. 

Sustained release implies slow release of the drug over a time period. It may or may not be 

controlled release (Bhowmik et al., 2012, Lachman et al., 1986). Although, Controlled and 

Sustained Release drug delivery systems are separate delivery processes, they are often used in 

inconsistent and confusing manner, due to their similarities in process. However, there is a 

difference between them and it is majorly that a controlled release system releases drug over time 

regardless of the drug's concentration (zero order release), whereas a sustained release system 

releases drug at a slow rate over a period of time and not time dependent. It can either be controlled 

or uncontrolled (Li et al., 1987, Wani, 2008, Brahmankar and Jaiswal, 2009). 

(c) Sustained/ Modified Release Drug Delivery System: Sustained release system is a form of drug 

delivery system that is modified and can serve as a substitute to conventional drug delivery system, 

but the administration of drugs to patients is usually in a more efficient manner. This is 

accomplished by sustaining the release of drug and maintaining the therapeutic window 

concentration of the drug in the plasma. The mode of action ofa sustained drug delivery system is 

seen in the prevention of peak and trough in dosing and there is a constant plasma drug 

concentration in therapeutic window. The design of sustained delivery systems offers a lot of 

benefits which includes; reduction in the frequency of dose, increment in the effectiveness of the 

drug by localization at the site of action, reduction in the required dose and providing uniform drug 

delivery . Furthermore, the advantages of this delivery system are: patient compliance, evasion of 
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multiple dosing, increased plasma drug concentration, little or no side effects and also the 

challenges encountered in conventional drug delivery systems are greatly overcome by this drug 

delivery system(Kumar et al. , 2012, Kutmalge et al., 2014, Patnaik et al., 2013). 
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Figure 2.10: A figure showing the classification of sustained/modified drug delivery system 

Several physiochemical and biological factors have been associated to the way by which drugs are 

administered through a sustained drug delivery system. These includes: 

► Dose size: Generally, in a conventional dosage a single dose of drug which contains 

between 500 mg-1000 mg of the drug is considered the maximum for any drug that is 

administered to patients and same is considered as the maximum dose in sustained drug 

delivery system. 

► Ionization, pKa and aqueous solubility: Some drugs which are usually in unchanged form 

permeate across lipid membranes while most drugs are either weak acids or bases. It is 

therefore important to consider the relationship of the pKa of the compound and the 

absorptive environment. In addition, delivery system that depends on diffusion or 

dissolution will likewise be dependent on the solubility of the drug in aqueous media. Due 
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to the fact that the stomach is acidic and the small intestine is relatively more neutral, the 

dosage forms of any drug must be designed in such a way that it can function in a pH 

changing environment. 

► Partition Coefficient: Administered drug compulsorily passes through a number of 

biological membranes, which are commonly lipid-based before its therapeutic effect in the 

targeted area of the body is felt, hence the need to consider the partition coefficient of oil­

soluble drugs in order to determine the effectiveness of membrane barrier penetration. 

Lipophilic compounds with high partition coefficients are poorly aqueous soluble, hence 

they remain in the lipophilic tissue for a longer time, while the membrane of compounds 

with very low partition coefficient are very difficult to penetrate, resulting in poor 

bioavailability. 

► Stability: The stability of drugs is a factor which is greatly put into consideration in any 

drug delivery system before drug is administered. This is because it has been observed that 

drugs that are orally administered are subjected to both acid base hydrolysis and enzymatic 

degradation. Usually, a continuous reduced degradation rate is noticed for drugs in solid 

state thus making it the preferred composition of delivery for problem cases. In cases of 

drugs with unstable dosage form in the stomach, systems that prolong delivery over the 

entire course of transit in the gastrointestinal (GI) tract are of huge advantage. This is also 

true for systems that delay release until the dosage form reaches the smal 1 intestine because 

compounds which tend to be unstable in the small intestine may show decreased 

bioavailability when administered from a sustained dosage form (Li et al., 1987, 

Deshpande et al. , 1996). 
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► Half-life: The half-life of a drug is the time it stays in the body system (residence time) . 

The preferred half-life of any drug should, ordinarily be between 3-4 hours for many 

formulations of drug delivery systems. The dosage form of a drug with short half-life(< 2 

hours) may contain excessive large quantity of the drug. On the other hand, a drug with 

longer half-life (~ 8 hours), however it is administered, i.e., either through conventional 

dosage or sustained release, are sufficiently controlled in the body. 

► Therapeutic index: A drug that has a high conventional dosage form is a less appropriate 

drug for sustained release drug delivery system because it will be impossible to administer 

such drugs without difficulty, due to the size of a unit dose of oral formulation. 

► Absorption window: Some drugs when orally administered can only be absorbed from a 

particular part of the gastrointestinal tract and this is known as 'absorption window'. Such 

drugs are equally not suitable for sustained releases drug delivery system. 

► Plasma concentration response relationship: The pharmacological activity of a drug is 

largely dependent on plasma drug concentration rather than the dosage. Hence, a drug that 

its pharmacological activity, is independent of plasma concentrations and are not ideal for 

oral sustained release drug delivery system. 

► Metabolism: Orally administered drugs undergo significant metabolism before they are 

absorbed into the lumen or tissues of the intestine and the drug is released slowly thus 

resulting in decreased bioavailability of the drug due to enzymatic degradation and thereby 

making available low active drug ingredients. Therefore, it is necessary to give keen 

attention when formulating drug dosage forms in order to prevent them from being affected 

by such enzymatic actions or the need of the delivery system capable of withstanding the 
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level of degradation by the enzymes, in order for it to have enough bioactive drugs in the 

formulation for efficient and sustained release. 

► Concentration dependency on transfer of drug: For a drug to be transferred from one 

compartment to other, it either follows the zero-order kinetics or second order kinetics. A 

drug therefore is considered a poor choice for oral sustained release delivery system if it 

follows zero order kinetic process rather than the first order kinetics (Jantzen and Robinson, 

1996, Bhatt, 2010, Pop Ii and Sharma, 1989). 

2.8 DUAL DRUG DELIVERY SYSTEM (DDDS) 

In order to improve the curative effect of drugs, DDSs have been developed and studied in great 

depth for the past two decades and it has been discovered that drug delivery system can amend the 

problems of conventional administration by enhancing drug solubility, prolonging the duration or 

time ofrelease, reducing side effect, and retaining drug bioactivity among others (He et al., 2008). 

One of such systems developed is the dual drug delivery system. Dual drug delivery systems are 

systems which have the ability to control the release behaviour of more than one drug (multiple 

drugs). In recent times, the use of combination therapy has increased and it has become quite 

attractive in the treatment of various diseases because it has been discovered that the combination 

of drugs has better therapeutic effect and also brings about tissue regeneration. For the optimization 

of their effects, it is required that the different drugs be used at their optimal dose and at different 

periods in the treatment. A major challenge of this combination therapy, however, is the inability 

to control the release behaviour of each drug independently, hence the development of DDDS, 

which can control the release behaviour of each drug as needed, since single drug delivery systems 

are not sufficient to overcome the challenge. (Lee et al. , 1999, Ma et al. , 2010, Lee et al. , 2008b, 

Mok et al. , 2008, Manna and Patil, 2009, Fundueanu et al. , 2008, Huynh et al., 2008, Baumann et 
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al., 2009, Nakamura et al., 1999, Wang et al., 2008, Qiu and Bae, 2007, Song et al., 2008, Xia et 

al., 2008). However, thus far there has been limited research on dual drug delivery systems. 

2.9 DRUG DELIVERY DEVICES 

As a result of the development of alternate drug delivery systems, it became important and hence 

highly imperative for delivery devices with compatible properties to be designed. The major 

biomaterials that are generally and commonly used as drug delivery devices are polymeric drug 

carriers. Polymeric delivery systems targeted at specific sites in the body, can either be a reservoir 

type, or a matrix type. In the case of the reservoir type, the polymeric envelope where the drug is 

enveloped, serves as a diffusional rate-controlled membrane while a matrix type is that which the 

drug is evenly dispersed in a polymer matrix (Fulzele et al., 2003, Sharma et al., 2011 ). However, 

most biodegradable systems make use of the latter type, where drug release is by a combination of 

diffusion, erosion and dissolution factors. Currently, researchers are focusing on the use of two or 

more polymer types (hybrids of polymers) thereby, taking advantage of the collective properties 

of the individual polymers to enhance the capacity of the drug delivery systems (Omanathanu and 

Panchagnula, 2001). These polymeric substrates are widely used because they are degradable, 

nontoxic and biocompatible, and they can be eliminated from the body, without the need of 

surgery, after the encapsulated drug has been released. Such drug delivery systems that make use 

of polymeric carrier to deliver drugs via targeting are known as smart drug delivery systems 

(Tatsuya and Satoru, 2012). These biomaterials, made of polymers are therefore classified thus : 

✓ Based on interaction with water 

• Non- biodegradable hydrophobic Polymers: - E.g. Polyvinyl chloride, 

• Soluble Polymers: - E.g. HPMC, PEG 

• Hydro gels: - E.g. Polyvinyl pyrrolidine 
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✓ Based on polymerization method 

• Addition Polymers: - E.g. Alkane Polymers 

• Condensation polymers: - E.g. Polysterene andPolyamide 

✓ Based on polymerization mechanisms 

• Chain Polymerization 

• Step growth Polymerization 

✓ Based on chemical structure 

• Activated C- C Polymer 

• Inorganic polymers 

• Natural polymers 

✓ Based on occurrence 

• Natural polymers: - E.g. Proteins- collagen, keratin, albumin, cellulose 

• Synthetic polymers: - E.g. Polyesters, polyamides 

✓ Based on bio- stability 

• Bio- degradable 

• Non-Bio- degradable 

(Gandhi et al. , 2012, Omanathanu and Panchagnula, 200 1, Mody, 20 10, Fulzele et al., 

2003, Sharma et al. , 2011, Raizada et al. , 2010) . 

2.9.1 SMART POLYMERIC DRUG DELIVERY DEVICES 

A lot of high molecular weight materials have their generic names as polymers. These materials 

contain a very large number of atoms and different types of atoms, thereby making them to exist 

in countless forms with different chemical structures, physical properties, mechanical behaviour, 

and thermal characteristics among others, hence their different classifications and diverse 
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applications in different fields, such as: controlled drug delivery, biomedical applications, and 

tissue engineering. Certain synthetic polymers (hydrogels) are called 'smart ' polymers because of 

their ability to mimic the non-linear response of biopolymers (DNA, proteins etc.), caused by 

cooperative interactions between monomers and also due to their ability to excellently absorb 

water and undergo changes in their structure in response to different stimuli and reverse to its 

initial state. In addition, they resemble natural living tissues, they are permeable and possess 

swell ing characteristics and hence, they are termed 'intelligent ' or 'stimuli responsive drug 

delivery systems (Galaev and Mattiasson, 1999, Lowman and Peppas, 1999, Kost and Langer, 

2012). Apart from these characteristics, other properties that make them excellent for drug 

delivery, include: ease of manufacturing, biocompatibility, strength, resilience, flexibility, ability 

to keep the drug stable, excellent carriers of nutrient to the cells, easily charged by using adhesion 

ligands and they can be injected in vitro as liquid to create a gel with the body temperature 

(Mahajan and Aggarwal, 2011 , Stuart et al. , 2010). 

2.10 HYDROGELS 

Hydrogels are cross-linked, three-dimensional hydrophilic networks, which when in contact with 

water, can swell but cannot dissolve. It has been established that the water-loving nature of the 

hydrogel network which leads to its swelling is basically because of the hydroxylic, carboxylic, 

primary amidic and the sulphonic chemical residues found within the polymer backbone or its 

lateral chains. This ability to swell enables them to serve as ideal materials for biomedical 

applications (Gao et al. , 2007). It can be prepared in different physical forms, such as : slabs, micro­

particles, nanoparticles, coatings, and films thus making them widely used in clinical practice and 

experimental medicine for a wide range of applications, such as: biosensors, biomolecules or cells 
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separation, barrier materials to regulate biological adhesions, tissue engineering and regenerative 

medicine (Fuj iwara et al. , 2006, Prasad et al. , 2008, Entezami and Massoumi , 2006, Baroli, 2007). 

Hydrogels can be classified on different basis; they can be classified as neutral or ionic, as affine 

or phantom, as homopolymers or copolymers based. They are classified based on the nature of the 

side groups, mechanical and structural characteristics, methods of preparation, physical properties 

of the network such as amorphous, semi-crystalline, hydrogen bonded structures, super-molecular 

structures and hydrocolloidal aggregates (Peppas et al. , 2006). In neutral hydrogels, swelling 

occurs as a result of the elastic polymer contributi on and water -polymer thermodynamic mixing 

contribution, to the overall free energy (Peppas et al. , 2006). Stimuli-responsive gels are of great 

importance when compared to other classes of hydrogels. This is because their swelling behaviour 

is dependent on their physical environment, such as: pH, ionic strength, temperature, light, enzyme 

and magnetic field variation (Kato et al. , 1997, Liu et al. , 2007, Gu et al., 2009, Straley and 

Heilshom, 2009, Zhao and Stoddart, 2009), hence they permit a wide range of applications (Lin 

and Metters, 2006). Therefore, these stimuli sensitive gels can act as ' smart ' drug delivery systems 

(Kuckling et al. , 2002, Wu et al. , 2006, Feil et al. , 1992). 
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Figure 2.11 : A figure showing the effect of stimuli on hydro gel 
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Furthermore, due to their umque biocompatibility, flexible methods of synthesis, range of 

constituents and desirable physical characteristics, hydrogels are extensively used in different 

biomedical fields. Polymers used for fabricating hydrogel scaffolds, provide: structural integrity 

to tissue constructs, control drug and protein delivery to tissues and serve as adhesives or barriers 

between tissue and material surfaces. The properties of hydrogels are important for tissue 

engineering and other areas of biomedical field. The increasing attractiveness of hydrogels is 

largely because they can hold drugs in the mesh of their polymeric network and control the release 

of such drugs to the body by means of diffusion, swelling or degradation (Lin and Metters, 2006), 

thereby avoiding the need for surgery in order to eliminate the carrier vehicle (hydrogel) from the 

body (Colombo et al., 2012). A lot of simple and complex models of hydrogel s have been 

developed based on the rate-limiting step for controlled drug release carriers by using water-
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soluble, biodegradable polymeric materials, either synthetic or natural polymers (Gudeman and 

Peppas, 1995, Park et al., 1998b, Wang et al., 2004, Wen and Stevenson, 1993). 

In medicine, stimuli-responsive properties of hydrogels are noted for their response within the 

setting of biological conditions (Schmaljohann, 2006) . There is usually a response from the 

hydrogel when there is a sudden change in the pH range or temperature, resulting in the interactions 

between the repeating units of the polymers and the solvent in which the polymer is put and this 

is translated to a chain transition between extended and compacted coil states (da Silva et al., 2008, 

Lupitskyy et al., 2005, Uhlmann et al., 2005, Yamato et al., 2002). In the structures of pH-sensitive 

polymers, which are polyelectrolytes, there exist weak acidic or basic groups attached to their 

hydrophobic backbone capable of either accepting or releasing protons in response to changes in 

the environmental pH. When they are ionized, a dramatic extension of the coiled chains is 

experienced in response to the electrostatic repulsions of the generated anions or cations ( Aguilar 

et al., 2007). For the purpose of this research, emphasis is on a few selected polymer-hydrogels 

from different sources, based on their occurrence. These are: 

• Polyethylene glycol (PEG): It is an example of a synthetic polymer-hydrogel , which is 

injectable. It is a very popular polymer with outstanding positive properties, since this 

assertion can be easi ly confirmed in the literature, thus allowing its usage to be very broad. 

It is used in everyday products, industrial applications, as well as in many biomedical drug 

delivery systems. PEG as a polymer has indeed played a vital role in drug delivery and its 

success in the field of biomedical drug delivery system is seen in several pharmaceutical 

products that have been approved in the last 20years by the Food and Drug Administration 

(FDA) and European Medicines Agency (EMEA). However, some structural parameters 

which influence the biological characteristics of PEG and evens out its effect have to be 
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wisely considered before it is used (Torchilin and Trubetskoy, 1995, Kumari et al. , 2010). 

The monomer unit of PEG is O (CH2)2 and each monomer of PEG has both a polar oxygen 

atom (0), and a non-polar (CH2)2 group thus making PEG to be soluble in a wide variety 

of both polar and nonpolar solvents (Schmaljohann, 2006) and has also been broadly used 

as a carrier for hydrophobic drug molecules in order to enhance their aqueous solubility or 

dissolution characteristics (Chiou and Riegelman, 1971 , Vasconcelos et al., 2007, Leuner 

and Dressman, 2000). Polyethylene glycols are non-toxic, water soluble polymers capable 

of shielding drugs encapsulated into the polymer matrix due to their hydrodynamic volume, 

thereby guarding the drug from renal clearance, enzymatic degradation and recognition 

cells on the immune system (Kavitha and BhalaMurugan, 20 13). The water loving nature 

of PEG has contributed to its success, especially because not every non-ionic hydrophilic 

polymer can provide stealth behaviour; this hydrophilic nature is based on its decreased 

interaction with blood components and its high biocompatibility (Knop et al. , 2010). 

Figure 2.12: A figure showing the chemical structure of PEG (Kahovec et al., 2002) 

• N-lsopropylacrylamide: It is a synthetic, biodegradable polymer that is temperature­

sensitive and shows a sharp phase transition at a low critical solution temperature (LCST) 

ofabout 32°C in pure water. This polymer, when injected into the human body, it turns into 

a gel at body temperature and forms a small deposit, which makes controll ed drug delivery 
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of any incorporated drug possible. This makes this polymer a widely studied material in 

drug delivery systems (Nakayama et al., 2006, Wei et al., 2009a). 

Figure 2.13: A figure showing the chemical structure of N-lsopropylacrylamide (Li et al., 20 I 4) 

• Gum acacia: Acacia gum is an edible and natural biopolymer, basically grown in the 

African region of the Sahel, Sudan. It is a non-viscous liquid that is rich in soluble fiber 

and it is obtained from the branches and stems of mature trees of Acacia Senegal or/and 

Acacia Seyel whenever there is drought, poor soil fertility, injury or any other harsh 

condition. This polymer is known to hydrate and form gel when they are in contact with 

water. It has been in use as adhesive and inks by the Egyptians as far back as the second 

millennium BC. Then, it was gradually exported to other parts of the world, especially 

Europe where it was named "gum acacia" because of the place it was imported from 

(Arabia)(Williams and Phillips, 2009). It is chemically composed of macromolecules of 

carbohydrate (D-galactose and L-arabinose) and proteins of different sizes, thereby making 

it a complex biomaterial (Islam et al., 1997). Factors, such as: origin, harvest season, age 

of the tree and processing condition (e.g. spray drying) influence the chemical composition 

of the gum, thereby causing slight variations in the chemical composition of the gum 

obtained from Acacia Senegal and Acacia Seyel. Although, the sugar residues are same 

however, lower contents of rhamnose and glucoronic acid while higher contents of 

arabinose and 4-0 methyl glucoronic acid are found in Acacia Seyel gum when compared 
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to acacia Senegal (Flindt et al., 2005, Hassan et al., 2005, Siddig et al., 2005, Islam et al., 

1997). 

The use of this gum has been broadly explored and its application is seen in the industrial 

sectors such as: textiles, ceramics, lithography, cosmetics and also in the food industry as 

stabilizer, thickener or/and emulsifying agent (Verbeken et al., 2003). In addition, the 

pharmaceutical sector has also employed the gum as suspensions, in tablets and also in 

sustained drug relea se. Drugs released from the polymer are usually sustained over a long 

period because it is usually via diffusion, hence making it a good drug delivery device (Jain 

et al., 2008, Maiti et al., 2010, Tiwari et al., 2014 ). It can therefore be concluded, based on 

its physiological harmlessness and evidences, that the positive health related role of gum 

acacia cannot be over emphasized, hence its use as a drug delivery system. 

CHPH 

0 OH OH 

OH OH 0 

'>------0 

OH OH H,OH 

Figure 2.14: A figure showing the chemical structure of gum acacia (Azzaoui et al., 2015) 

2.10.1 HYDROGEL DESIGN 

Hydrogels are widely used in many foods and bioprocessing applications, aside the pharmaceutical 

field, because of their biocompatible and biodegradable properties, therefore any method of 

95 



hydrogel design or preparation must ensure that these properties are retained (Gunasekaran et al. , 

2007). Several methods have been employed over the years for hydrogel preparation, one of such 

is cross linking and it is one of the majorly employed methods. Crosslinking can either be thermal 

crosslinking, physical crosslinking, ionic crosslinking or covalent crosslinking. Thermal 

crosslinking is known to be relatively easy, physical and ionic crosslinking mechanism are difficult 

to control in a lot of natural hydrogels and this affects the final network and structure. However, 

the crosslinking density and structural properties of cross-linked hydrogels are controllable and 

this makes them advantageous method because they permit the design of a wide range of polymeric 

networks for cell encapsulation and tissue growth (Durmaz and Okay, 2000). 

Simultaneous copolymerization and crosslinking is also a method of hydrogel preparation. It 

involves one or more mono-functional and one multi-functional monomer or by crosslinking of a 

homopolymer or copolymer in solution (Rosiak and Yoshii, 1999). Quite a number of researches 

on the properties and swelling behaviour ofhydrogels prepared by this method in the presence of 

an initiator and a crosslinking agents have been investigated (Tanaka, 1981, Okay, 2000, Liu et 

al., 1999, Durmaz and Okay, 2000). 

Furthermore, free radical polymerization, in the presence of aqueous solutions, a monomer, 

crosslinker and an initiator, is another method that has been employed in hydrogel preparation. 

The component for the reaction is made up of various materials. An example is the use of a 

monomer-acrylamide (AAm), a crosslinker-methylene bisacrylamide (MBA), an initiator for the 

polymerization reaction process-potassium per sulfate (KPS) and an activator 

tetramethylenethylediamine (TMEDA). Polymerization, reaction occurs first between KPS and 

TMEDA leaving TMEDA molecule with an unpaired valance electron. Activated TMEDA 

molecule then combines with acrylamide and the crosslinker molecules; in the process the 
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monomeric units receive unpaired electron, and thus become reactive. If the active center is 

continually shifted to the free end of the chain, it gives room for continuous indefinite growth of 

the polymer. Also simultaneously, the crosslinkers molecules are incorporated into the chains, 

thereby forming a permanent link between one another (Karadag and Saraydin 2002, Tanaka, 

1981 ). Further attachment and activation of another monomer or polymer is made possible in the 

same manner (Park et al., 1998a, Park et al., 1998b, Yao et al., 1993, Wang et al., 2004). 

2.11 CHARACTERIZATION OF HYDROGEL 

2.11.1 FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR) 

Fourier Transform Infra-Red spectroscopy (FT-IR) is widely used for both qualitative and 

quantitative analyses in diverse science fields and it is widely applied in elucidating chemically 

synthesized structures or those of natural origin. Fourier Transform Infra-Red (FT-IR), when 

compared to dispersive infra-red technology, has a lot of advantages and applications (Baravkar et 

al., 2011 ). It is an absorption spectroscopy technique that utilizes the infrared portion of the 

electromagnetic spectrum to examine samples chemical structure. This is achieved when the 

spectrophotometer produces a beam of infrared light that is split into two (Brain and Smith, 1996). 

One of the two beams is at a fixed length and the other at a variable length (mirror A and mirror B 

respectively) (Silverstein et al., 2014). Destructive and constructive interferences are produced due 

to the varying distances between the two path lengths, thereby causing a variation in the intensities 

of the interferogram. The interferograms are converted by the Fourier transformation into one 

spectral point on the more familiar form of the frequency domain (Silverstein et al., 2014). From 

the variation of the length between mirrors A (fixed length) and mirror B (variable length), a 

complete IR spectrum is produced. For identification purposes, sample analysis is then carried out 
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by placing sample in the path of the generated beam and a frequency at which the sample absorbs 

the light, is determined (Griffiths and De Haseth, 2007, Brault, 1996). 

2.11.2 SCAN ING ELECTRON MICROSCOPY (SEM) 

SEM is one of the most flexible and most heavily used analytical instruments with higher 

magnification, greater resolution, compositional and crystallographic information and a larger 

depth of field (than the ordinary light microscope) that permits a large amount of sample to be 

focused on, at the same time. It is used to examine and characterize microstructure morphology 

and chemical compositions of matter (Goldstein et al. , 2003). Micro-view images of materials that 

is a good representation of the three dimensional sample, are usually formed, however, the naked 

eye and light microscope cannot view the materials because of their size. These images formed, 

depend on the acquisition of signals produced from the electron beam and specimen interactions 

(McMullan, 1995). These interactions can either be elastic or inelastic. The three major 

components that make up SEM are: electron-optical column, vacuum system and 52 electron and 

display system (Lawes, 1987). An electron beam, which is produced by an electron gun 

accelerated at high voltage and passed through an electron-optical column that is held under high 

vacuum is used to illuminate the image. A series of deflection coils move the electron beam across 

the surface of the specimen and signals are produced. Afterwards, an image is formed when these 

signals are collected, compiled and interpreted by a detector (Chapman, 1986). 

2.11.3 THERMOGRAVIMETRIC ANALYSIS (TGA) 

TGA is one of the thermal analytical techniques used to characterize and study the thermal 

properties of materials. It helps to give complimentary and supplementary information to other 

commonly used techniques such as DSC. It is an instrument composed ofa thermo-balance, wh~ch 
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measures the rate and mass change (weight of the sample either reduces or increases) of a sample 

as a function of temperature or time, under a defined and controlled environment with respect to 

the heating rate, gas atmosphere, flow rate, crucible type (Coats and Redfern, 1963 , Price et al., 

2000). The aim is to measure the thermal and/or oxidative stabilities of materials, estimate product 

lifetimes, determine decomposition kinetics, determine the effects of the reactive atmospheres on 

materials, identify material purity, measure the filler content of materials, determine moisture and 

volatile contents as well as analyse the multi-components of materials . It is a technique that is very 

useful for the study of polymeric materials, including: thermoplastics, thermosets, elastomers, 

composites, films, fibers, coatings and paints (Liu and Yu, 2006). The TGA operates at 

temperatures ranging from 3 7°C to 1000°C. The point at which weight loss is most apparent is 

determined by a derivative weight loss curve. This curve provides information about changes in 

sample composition, thermal stability and the kinetic parameters for chemical reactions in the 

sample (Prime et al., 2009, Settle, 1997). A lot of factors are associated with the mass change 

during this thermal analysis, some of which include: physical phenomena, such as: gas adsorption, 

gas desorption, phase transitions, vaporization, sublimation and chemical phenomena such as: 

decomposition, break down reactions, gas reactions and chemisorption (adsorption by means of 

chemical instead of physical forces). 

2.11.4 X-RAY DIFFRACTION (XRD) 

Since the discovery of X-rays in 1895 (Rullhusen et al., 1998), the crystallinity of samples at the 

atomic level, has been examined and it has become a major tool for characterization in solid state 

chemistry and material science. It determines the structure of polymers by comparing the X-ray 

wavelengths to the interatomic distances in crystals. The working principle of XRD is such that 

samples are placed in the path of a monochromatized X-ray beam of low divergence, where the 
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scattered X-rays from the regularly placed atoms interfere with each other, thereby producing 

strong diffraction signals in particular directions, which are related to the slope and dimensions of 

the unit cell of the crystalline lattice, and the diffraction intensity depend on the disposition of the 

atoms within the unit cell. It is important to note that the intensity of the X-ray scattering is 

dependent on the number of electrons in the atoms (Atkins, 1989). Structure determination and 

fingerprint characterization of crystalline materials are the two major areas where this 

characterization technique has been greatly explored (Ealick, 2000). There is usually a unique 

characteristic X-ray powder pattern for every crystalline solid, and this may be used as a 

"fingerprint" for its identification. X-ray crystallography may then be used to determine its 

structure that is, how the atoms pack together in the crystalline state and the interatomic distance 

and angle, after the identification of the material (Scapin, 2006). The main information obtained 

from the result of the diffraction is the structure of the semi crystalline polymers with a range of 

interatomic distances of between 1 - 50 A. In addition, the determination of the size and the shape 

of the unit cell for any compound, is made possible by using X-ray diffraction (Willard Jr, 1974, 

Alexander, 1969, Sawyer et al., 2008, Atkins, 1989, Formica, 1997). 
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CHAPTER THREE 

3.0 EXPERIMENT AL METHODOLOGY 

3.1. INTRODUCTION 

All the experimental methods employed to achieve the set-out objectives stated earlier in chapter 

1, are outlined and explained in this chapter. These experiments are: the preparation of the carrier 

polymer hydrogel by free radical polymerization, pH and swelling analysis, drug loading and 

release studies, cell culture and treatment techniques. The results obtained from these procedures 

are discussed in chapter 4, under "Results and Discussions" 

3.2. CHEMICALS AND REAGENTS 

MCF-7 cell lines were purchased from Cell on ex cell line, LOT: 01. All chemicals used in this 

project were analytical grade and they were purchased from Sigma Aldrich Company and 

Separations Technology, South Africa. Acrylamide (AAm), Curcumin and Doxorubicin were 

supplied by Sigma Aldrich (Darmstadt, Germany) and N,N-methylenebisacrylamide (MBA), gum 

acacia, acrylic acid, acrylamide, N-isopropylacrylamide (NIPAM), N,N,N,N-

Tetramethylethylenediamine (TEMED), potassium persulfate (KPS), Polyethylene glycol (PEG), 

were supplied by Sigma Aldrich Chemical Co. (South Africa). Cell culture reagents were obtained 

from Separations Technology, South Africa. 

3.3 SAMPLES PREPARATIONS AND CHARACTERIZATION 

3.3.1 INSTRUMENTATION 

Fourier Transform Infrared (FTIR) spectroscopy, X-Ray Diffraction (XRD), Thermogravimetric 

Analysis (TGA) and Scanning Electron Microscope (SEM) were employed for the different 

characterizations. 
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3.3.2. PREPARATION OF SAMPLES FOR CHARACTERIZATION 

3.3.2.1 FOURIER TRANSFORM INFRARED (FTIR) 

About 70 mg of the hydrogel sample ( drug loaded and unloaded) was analysed by placing the 

sample on the diamond sample surface of a Perkin Elmer Spectrum 100 FTIR spectrometer in the 

wavelength range of between 4000-500 cm-1
• The number of scans used was set at 16 at a 

resolution of 4 cm-1
• The background was scanned to act as a control before the sample was 

analysed. 

3.3.2.2 X-RAY DIFFRACTION (XRD) 

Identification of the interaction of the drugs within the polymer hydrogel was achieved by using 

X-ray diffraction. This experiment was carried out on dried samples on a PANalytical X'Pert PRO 

diffractometer (CuKa radiation, with a wavelength, A= 0.1546 nm) running at a voltage of 40 kV 

and current of 40 mA. The sample was packed into a hole of between 1-2 mm in diameter, in a 

piece of metal of ~ 1.5 mm thick. Afterwards, the metal piece was placed on a specimen holder in 

order to allow the X-ray beam pass through. The XRD technique enables a clear understanding of 

the changes in the morphological structure and the changes in the crystalline nature of the sample 

by resolving its phase structure. 

3.3.2.3 SCANNING ELECTRON MICROSCOPE (SEM) 

Before the sample was analysed, the SEM machine was filled with liquid nitrogen. Having fixed 

a carbon tape on a slide sample holder, the sample was mounted onto a stub with a carbon tape for 

analysis. The sample was coated with gold in order to make it electrically-conductive and then 

loaded into a Jeol JSM-5600 SEM. Images were formed at different magnifications after 

appropriate focusing was done . 
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3.3.2.4 THERMOGRAVIMETRIC ANALYSIS (TGA) 

Samples of about 7 mg were measured in the sample holder and loaded onto a TA TGA Q500 

machine, an inert gas (nitrogen) was used to purge the samples in order to avoid oxidative 

decomposition . It was ensured that there was no moisture on the plate so that the results are not 

interfered with. The instrument was set at a heating rate of l 0°C per minute, under air and ramped 

up to 900°C. From this analysis, the plot of the weight loss is obtained and further analysis was 

done on the data in order to obtain the points of inflection. 

3.3.2.5 UV-VISIBLE SPECTROPHOTOMETER 

The amount of drug released from the hydrogel was determined by using a Cary 100 UV -Visible 

spectrophotometer. Prior the analysis, the spectrophotometer was switched on for 20 minutes in 

order to allow sufficient heating up time. The wavelength used for the analysis was dependent on 

the wavelength of the drug loaded onto the hydrogel. Before recording the absorbance of the 

samples, auto zero and standards were run in order to ensure that accurate results are obtained. 

3.4. EXPERIMENT AL PROCEDURE 

The following subheads consist of all the experimental procedures employed in this investigation: 

3.4.1. THE SYNTHESIS OF THE HYDROGEL 

Table 3.1 : A table showing the composition of hydrogel 

Material Quantity 

Gum acacia 0.05 g 

Acrylic acid 0.5 g 

Acrylamide 1 g 

PEG (4000) 0.5 g 
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MBA (6.49mM) 2mL 

N-i sopropyacrylamide (1 % solution) 2mL 

KPS (36.7mM) 3 mL 

TEMED(86mM) 3 mL 

The PEG-based hydrogel was prepared by free radical polymerization technique. 0 .05 g of gum 

acacia was weighed into a beaker, 2 mL MBA ( cross linker) was added and stirred until gum acacia 

had di ssolved. 1 g of acrylamide and 0.5 g of PEG was added to the solution with continuous 

stirring, followed by the addition of0.5 g of acrylic acid, 2 mL ofN-isopropyacrylamide, 3 mL of 

KPS (initiator) and 3 mL ofTEMED (accelerator), respectively. The resultant solution was placed 

on a hot plate at a temperature of 40-50°C, resulting in the formation of a gel. The formed gel was 

soaked in distilled water for 24 hours so as to get rid of unreacted amines and dried for 3-4 days. 

Weigh .,,,, 
gum 

.. acacia ~ 

0 

,. 
BEAKER > CONTAINING 

~---~ ._ MBA ~ 
TRANSFER 

DISTILLED WATER TO REMOVE • 
~ U= N=R=EA=CT= E=Dc.,..AM= IN=E _ __. 

~ TIR TO OISSOLV◊ 

SOLIDIFICATION OF GEL 

' ADD ACRYLAMIDE, .,,,, 
PEG, ACRYLIC AOD, 

N-ISOPROPLYAMIDE, 
KPS, TEMED 

RESPECTIVELY 

' PLACE ON HOT.,,,, 

PLATE (45oC) 

... .J 

Fig 3. 1: A figure showing the preparation of hydro gel by free radical polymerization 
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3.4.2. SWELLING STUDIES OF HYDROGEL 

pH swelling study was performed after the hydrogel was prepared. Swelling ability is a 

characteristic of smart DDS, enabling them to hold drugs in the mesh of the polymeric network 

and control the release of such drugs to the body by means of diffusion, swelling or degradation 

(Lin and Metters, 2006). As shown in Figure 3.2, gravimetric method was employed to measure 

the equilibrium swelling behaviour of the hydrogel (Varaprasad et al. , 2010). At different pHs, the 

swelling capacity of the hydro gel was tested by allowing it to swell in varying pH solutions. About 

0.3 g, which is the initial weight of the gel, was weighed and put in beakers containing buffer 

solutions (pHs: 1.2, 5.8 and 7.4) of about 25 mL at ambient temperature. Samples were weighed 

after blotting with filter paper, at various time intervals in order to obtain varied weights (Wl, W2, 

W3, W4, WS, W6, W7, W8, W9, Wl0, W12, W13 , W14, WIS and at equilibrium W16) of the 

water absorbed by the hydrogel. This was achieved by using an electronic weighing balance. The 

readings were taken at intervals of 30 minutes for 6 hours, then 12, 24 and 48 hours respectively 

and finally the equilibrium weight was determined at 72 hours. 

... 

PUT 
HYOROGEL 
IN BUFFER 
SOWTION 

ALLOW FOR 30MINS 

WEIGH ON 

A WEIGHING <~-----' 
BALANCE 

BLOT ON 
FILTER PAPER 

BLOT ON 
FILTER 
PAPER 

< ALLOW FOR VARYING TIME INTERVALS 

WEIGH ONA 
WEIGHING 
BAlANCE 

BUFFER SOLUTION 

Fig 3.2: A figure showing the pH swelling analysis of the synthesized hydrogel 
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LI 
3.4.3 SWELLING CAPACITY DERTERMINATION PROCEDURE FOR THE 

HYDROGEL 

The swelling capacity of the hydro gel was determined by performing the experiment by using the 

procedure of(Varaprasad et al., 2010). The hydrogel was put in selected buffer solutions at ambient 

temperature and allowed to swell until the swelling equilibrium was reached (72 hours). It was 

then weighed after getting rid of excess water on the surface of the hydrogel by blotting with a 

filter paper. The hydrogel was weighed every 30 minutes for 6 hours and subsequently, 24, 48 and 

72 hours, respectively. The swelling ratio and equilibrium swelling ratio of the hydrogel in the 

buffer solution was calculated gravimetrically and from the following relation. 

Equilibrium swelling ratio : 

Sr= ( Wt- Wo 1 
l Wo j .............. .. ................. equation 3.1 

Seq = ( Ws - Wt 1 
l Ws J ................................. equation 3.2 

0 _ ( wt - Wo 1 x . 
S 1/o - 100 ............................ equat10n 3.3 

l 
Wo 

Wt= Kt " ............ ..... ......... ....... ...... .... equation 3.4 
Wco 

where: 

Sr= Swelling Ratio 

Wt = Weight at time t 
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Wo = Initial hydrogel weight 

Ws = Swollen hydrogel weight 

S¾ = Swelling percentage 

Seq = Equilibrium swelling ratio 

The solvent diffusion and polymer matrix relaxation effect was calculated and analysed by 

examining the exponent n from equation 3.4. 

Wt= Kt n • • ••••••••••••••••••••• • •••••••••• equation 3 .4 
Wco 

where: 

Wt = Weight of hydrogel at time, t 

Woo =Weight of hydrogel at equilibrium 

K = Diffusion constant 

n = Diffusion exponent. 

When n = 0.5, it indicates a case I diffusion (i.e. a perfect Fickian diffusion), which implies that 

the rate of the network relaxation is faster than the rate of diffusion, but when n = 1.0, it indicates 

a non-Fickian diffusion, where water transport is controlled and the rate of diffusion is faster than 

the network relaxation. However, in a case where 0.5<n< 1.0, it indicates that the rate of 

penetration, mobility and segmental relaxation are compatible (Ritger and Peppas, 1987). 

The diffusion exponent was determined from the slope of the graph ofLn (Mt/Moo) versus Ln (t) 

for swelling ratio. 
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The diffusion coefficient was calculated by using the equation: 

............ . ........... . .. . ........... equation 3 .5 

where D = diffusion coefficient of the hydrogel 

r = radius of the hydro gel 

S = fractional swelling 

t = time 

The diffusion coefficients were evaluated from the plot of S versus t ½ and these were obtained 

from the slopes. 

3.4.4. DRUG LOAD PROCEDURE AND DETERMINATION OF CONCENTRATION OF 

DRUGS RELEASED FROM THE HYDROGEL 

Five mg of the drugs were loaded onto ~ 100 mg of hydrogel, following the procedure of 

Varaprasad et al. (2011), but for the hydrogel containing both drugs, 2.5 mg each of the drug were 

loaded. In Table 3 .2, the various drug dissolution formulation used for the experiment is clearly 

shown, where PCur, PDox and PDoxCur represent PEG-Curcumin, PEG-Doxorubicin and PEG­

Doxorubicin-Curcumin, respectively. The hydrogel was soaked in the drug solutions at ambient 

temperature, until they reached equilibrium in the drug solutions. Distilled water was then used to 

rinse the gels in order to get rid of any excess drug present on the surface of the gels and then dried 

at ambient temperature for 5 days. Curcumin is not soluble in water and hence it was first dissolved 
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in sodium hydroxide before di stilled water was added to make up the volume of solvent required 

for drug uptake of the hydrogel. 

Table 3.2: A table showing the drug(s) loading unto the PEG-based gel 

Gels Cur (mg) 

A (PCur) 5 

B (PDox) -

C (PDoxCur) 2.5 

, 
PlACE GEL IN SOLUTION 
CONTAINING DISSOLVED 

DRUG(S) ... 

Dox (mg) Distilled H20 (mL) 

- 9.5 

5 10 

2.5 9.5 

ALLOW FOR DRUG ABSORPTION INTO 
POLYMERIC NETWORK 

MULTIPLE BUT GRADUAL SHRINKING OF HYDROGEL 

NaOH (mL) 

0.5 

-

0.5 

REMOVE 
GEL FROM 
SOLUTION 

~ 

Hydrogel with 
imbibed drug(s) ready 
for research purpose 

Drug(s) loaded unto hydrogel 

Fig 3.3: A figure showing the drug loading process unto the hydrogel 
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3.4.5. DRUG RELEASE STUDIES 

It was necessary to carry out drug release study on the samples due to specific environmental 

change/stimuli such as pH. Figure 3.4 shows how this experiment was performed and afterwards, 

the drug release profile of the loaded hydrogel was calculated. 

The various buffer solutions used were prepared and placed in a water bath shaker-BS-06 Lab 

Companion (set at 37°C) overnight in order to equilibrate. The hydrogel was then placed in 3 mL 

of the buffer in the water bath, set to 50 rpm at 37°C. At 30 minutes' interval, the entire 3 mL of 

the buffer solution in the water bath was pipetted and replaced with another 3 mL of the same 

buffer solution. They were stored in the fridge for further analysis. Buffer replacement was done 

for 6 hours at 30 minutes' interval and subsequently at: 24, 28 and 72 hours. 

A UV spectrophotometer was used to analyse the stored buffer solutions in order to determine the 

drug release concentrations at the varied time intervals. Three buffers were used (at pHs: 1.2, 5.8 

and 7.4) in order to stimulate the environment of the gastric juice in the stomach, the tumour cells 

and the human blood respectively. The amount of drug released was measured using the UV-Vis 

spectrophotometer in all three buffers; the absorption of the solution of curcumin was measured at 

427 nm, while doxorubicin was at 480 nm. For the determination of the individual drug release 

from the combined drug loaded gel, the absorbance of the individual drugs were taken relative to 

the other. 
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Fig 3.4: A figure showing the drug release from hydrogel 

By using the percentage of cumulative release data obtained from equation 3 .6, drug release 

kinetics was done as performed by (Aderibigbe et al., 2015). 

Percentage cumulative drug release = l 1 I x 100 .. . ..... .... .. ... .... .. .. equation 3 .6 

~ 1) 

where: 

Io= initial amount of drug released at time t 

Ir= Total amount of drug loaded onto the hydrogel 

Using the percentage of cumulative rel ease data obtained from equation 3.6, different drug release 

kinetics models were employed in thi s studies. They are; 
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Korsmeyer Peppas: 

... .... ... ... .. .. ..... .. ..................... ... ... ... ....... ......... ... ............ .. ..... equation 3. 7 

where, 

Mt 

Moo= :fraction of drug released. 

K = constant incorporating the structural geometric characteristics of the hydro gel. 

n = release exponent 

t = time of release 

Zero order: 

C = Gi-Ko
1 

.. ......... .... .... ... ... . ............................................................... .. . .. .. . equation 3.8 

where, 

C = amount of dissolved or released drug (assuming the release occurred rapidly after the dru g 

dissolved) 

Co= initial amount of drug in solution (usually zero) 

Ko= zero order rate constant 

t = time 

11 2 



Hixson Crowell: 

I I 

Co3 -ct 3 
= K HCt ························· · ················ ..... ... . ......... .... ........ .... ........... . . . ..... .. equation 3.9 

where, 

Ct= amount of drug released at time ' t' 

Co= initial amount of drug 

KHc = Hixson Crowell' s rate constant 

Higuchi: 

I 

C = [D(2qt- Cs)Cst]2 ...... .......................... ........ ...................... .... ................ ....... equation 3.10 

where, 

C = total amount ofreleased drug per unit area of the matrix (mg/cm 2) 

D = diffusion coefficient for the drug in the matrix (cm2/hr) 

qt= total amount of drug in a unit volume of matrix (mg/cm3) 

Cs = dimensional solubi lity of drug in the polymer matrix (mg/cm3) 

t = time (hr) 
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3.5 CELL CULTURE STUDIES 

The human breast adenocarcinoma, MCF -7 cell line was used to perform this study, consisting of 

different groups. Negative control (untreated group), Positive control (free drug(s), without the 

substrate, treated groups) and test group (PEG-based hydrogel loaded with drug(s)) . 

CELL GROWTH 

The cells were grown in a 10% complete growth media, which contains FBS and MEM/EBSS 

with non-essential amino acids. 2 mM L-glutamine, lmM sodium pyruvate and 1500 mg/L sodium 

bicarbonate, 5 mL insulin, I% Penicillin/streptomycin, 2 mL trypsin EDT A solution for 1 week 

(media was replaced on alternate days) at 37°C and at a 95% relative humidity with 5% CO 2 

following the procedures below, accordingly: 

Cell resuscitation 

The frozen cell s were thawed quickly in a 37°C water bath and I mL of the cells was transferred 

to a centrifuge tube wi th a growth media (20% complete media, MEM/EBSS + FBS + insulin) . 

Cells were centrifuged at 1500 rpm, 20°C for 5 min and media was removed and then a 20% 

complete growth media was added. Cells were re-suspended and transferred to a T25 flask and 

then incubated at 3 7°C for between 1- 3 days. 

Splitting/passaging cells 

Incubated cells were taken out of the incubator and checked for 80- 90% confluence. Old media 

was aspirated with Pasteur pipette and 3- 4 mLs of PBS was added twice in order to get rid of 

all waste materials which include trypsin inhibitor and serum. 3 mL of trypsin was added and 
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incubated for 5 minutes at 37°C. 10% complete media was added immediately in order to stop 

trypsin activity, which could damage the cells and vigorous pipetting was done in order to obtain 

a single- cell suspension. Cell suspension was spun in a 15 mL centrifuge tube for 5 min and 

at 4°C at 1 000rpm. The liquid was aspirated and fresh media was added and then the cells were 

re-suspended by pipetting up and down in order to separate cells and eliminate clumps and 

finally, the cells were divided into 2 flasks. Cell splitting depends on the number of plates required 

for study. 

Cell counting: 

A 50 µL of cell suspension was put into a microcentrifuge tube and then 50 µL of trypan blue 

stock solution (0.5% (w/v)) in 1:1 ratio and thoroughly mixed in order to obtain a homogenous 

mixture. 15 µL of the mixture was pipetted into each of the two counting chambers of the 

haemocytometer in order to count the number of cells. The number of cells per mL in the 

suspension was calculated by counting the number of cells in the middle square and multiplying 

by 10-4, since each square volume is 10-4 mL (Cell number/mL = Average cell number of two 

chambers x Dilution factor x 10-4). 

Freezing cells 

Freezing of cells is often necessary for backup cultures or cell reservation. This was done by 

freezing cells slowly with ice crystals in order to avoid killing the cells. Cells were trypsinized in 

order to detach and separate cells, then serum and the media (10% complete growth media) were 

added. Cells were spun for 5 minutes at 1500 rpm and at 4°C, the media was aspirated and 

appropriate amount of freezing media (10% DMSO and 90% FBS which is equivalent to the 

freezing media (l0mL), 9 mL PBS and 1 mL DMSO) for the number of vials frozen (about 1 mL 
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per vial; lmL/lOmillion cells) was added. Cells were re-suspended in freezing media, transferred 

into a cryovial and frozen at - 80°C in an alcohol bath for between 1- 2 days before they were 

transferred to liquid nitrogen. 

3.5.1 CELL VIABILITY ASSAY 

Cell viability experiments are mostly carried out in order to determine a drug's efficacy. It is an 

experiment that is often done in the pharmaceutical or academic research and this can involve the 

synthesis of a new drug or modification of an existing test compound (drug). Usually, the 

outcomes of the assay can either be cytotoxicity or cell proliferation. In this study, water soluble 

tetrazolium (WST) proliferation assay was done in order to determine the cell toxicity, however, 

there are other experiments that can be done to determine the cytotoxicity of cells. 

3.5.2 DRUG LOADING O HYDROGEL 

Five mg each of Curcumin (Cur), and Doxorubicin (Dox) were weighed, dissolved in appropriate 

solvents and filtered into separate vials, respectively. 10 different concentrations, ranging from 

0.055-28 µg/mL were prepared and loaded onto the hydrogel. 

3.5.3 TREATME T OF CELLS 

When the subcultured cells were 80% confluent, they were seeded in a 96 well plate at a density 

of I x 105 ce!VmL in complete media without antibiotics for 48hrs. The medium was then aspirated, 

washed with fresh media and then treated with 100 µL of the drug(s) at different concentrations 

and the hydrogel loaded with the drugs . Cells were incubated for 24, 48 and 72 hours and then 

followed by the assay experiment. The WST assay test was carried out according to the 

manufacturer's instruction, which is IO µL of WST, it was added to the wells and the plate was 
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incubated for 1 ½ hours. The absorbance was measured by using a microtiter plate reader at a 

wavelength of 450 nm and individual experiment was carried out three times. Figure 3.5 shows 

the cell differentiation as viewed under the light microscope at different days. Figure 3.6 shows 

the visual model for the 96 well plates for the WST assay cell treatment. The minimum inhibitory 

concentration (ICso) value was determined by using Graph Pad prism software version 6.0 

Fig 3.5: A figure showing (a) MCF-7 cell growth at day 3 and (b) MCF-7 cell growth at day 7 
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Figure 3. 6: A diagram showing the visual model of the 96 well plates for WST assay cell 
treatment 

Al-A12 , Al-Hl , Hl-H12 and A12-H12 = wells without cells in order to remove interferences 

B2-Bl 1 = treatment (at different concentrations) 

C2-Cl 1 = treatment (duplicate of the different concentrations) 

D2-D11 = treatment (triplicates of the different concentrations) 

E2-E4 = Control 

F2-F4 = Base 

G2-G4 = hydrogel (without drugs) 

118 



CHAPTER FOUR 

4.0 RESULTS AND DISCUSSIONS 

4.1. INTRODUCTION 
In this chapter, the results obtained from the experimental procedures: swelling at different pHs 

and drug loading analysis, morphological characterization, drug release and the in vitro cell studies 

of tests performed, are analysed, discussed and the relevance of these results is emphasized in 

order to adequately contribute to the field of breast cancer treatment. 

4.2 RESULTS AND DISCUSSIONS OF DATA OBTAINED FROM STUDIES 

4.2.1 HYDROGEL PREPARATION AND SWELLING 

According to Shi and Jackowski (1998), the rate of free radical formation from radicals of KPS 

was accelerated by TEMED and polymerization was in tum catalysed. For polymerization chain 

reaction to begin, KPS free radicals, converts acrylamide monomers to free radicals which react 

with inactivated monomers (Shi and Jackowski, 1998). Elongating polymer chains are randomly 

cross linked by MBA giving rise to a gel with a characteristic porosity that is dependent on the 

polymerization conditions and monomer concentrations. From literatures, it is observed that the 

rate at which hydrogel swells is slower than the rate at which drugs are diffused from the polymer 

matrix of the hydro gel during drug release from the hydrogels and thus it is important to carry out 

swelling studies on the hydro gel because they are very relevant in the biomedical fields (Colombo 

et al., 1996). This swelling study was done at room temperature in varying buffer solutions (pHs 

of: 1.2, 5.8 and 7.4) over a period of 1 week. These buffers of 1.2, 5.8 and 7.4 were selected in 

order to mimic the gastrointestinal tract, tumour cells and intestinal fluid-blood respectively and 

also to observe the effect of different pHs on the swelling capacity of the hydrogel, since it is an 

important factor affecting the swelling capacity of hydrogels. 
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Fig 4. 1: A figure showing the swelling of the PEG -based hydro gel in varying buffers at 
ambient temperature 

It is observed from figure 4 .1 that all the hydrogels in the different buffer solutions were swollen. 

This is because a shift in pH generally causes a change on the polymer chains thereby leading to 

swelling. Although the swelling rate for the hydrogel in the buffer of pH 7.4 was most rapid and 

had swollen more than half its maximum swelling capacity within 6 hours when compared to the 

other buffers (pHs: 1.2 and 5 .8). Furthermore, at the end of 48 hours of the swelling studies, the 

same hydrogel (in buffer pH 7.4) attained the highest swelling capacity. Swell ing was enhanced 

in pH 7.4 because the pH is above the pKa of the ionizable group of the hydrogel and thus, as the 

degree of ionization increases (increased pH of the system), the number of fixed chains also 

increases, hence leading to an increase in the electrostatic repulsion between the chains which 

results in an increased network hydrophilicity and greater swelling (Brannon-Peppas and Peppas, 

1991 , Skouri et al., 1995, Ohmine and Tanaka, 1982). The results obtained suggest that the 

hydrogel has a super absorption characteristics and this is due to the presence of hydrophilic 

components in the hydrogel , as similarly reported by (Varaprasad et al. , 2011 ). The dissolution of 
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the polymer chains in the hydrogel is prevented because of the cross linking between the chains, 

however, it makes room for the network of the hydrogel to expand. However, at one week, a slight 

reduction in weight was observed in the hydrogels in all the buffers when compared to the weight 

recorded at 72 hours. Similar observation was reported in studies carried out by Cozic et al. (2009) 

on gum acacia, thus the reduction in weight observed can be attributed to the presence of gum 

acacia as it is capable of undergoing water desorption. 

Table 4.1 shows the analysis of the swelling ratio of the hydrogel in the different buffer solutions. 

The swelling exponent (n) was determined by the slope of the graph when Ln (Mt/Moo) was plotted 

as a function of Ln t and it was found to be: 0.504, 0.716, and 0.814 and this indicates that the 

solvent diffusion was Fickian in the buffer of pH 1.2 and non-Fickian (anomalous) in buffers of 

pHs 5.8 also 7.4 because the values ofn are 0.5 and 0.5<n< l .00 respectively while R2 which is the 

coefficient of determination was 0.99 indicating an excellent linearity. Furthermore, the slope of 

the graph of SR as a function oft½, which is the diffusion coefficient (R2
) of the hydrogel is the 

same in all the buffer solutions, as seen in Table 4.1. This is because the hydrogels in the different 

buffer solutions consist of the same preparation materials. 

Table 4.1 : A table showing the analysis of swelling ratio data obtained 

pH R2 (Graph of fn n k R2 (Graph of SR vs. t112
) n k 

SR vs fn Time) 
1.2 0.99 0.504 1.56 0.99 0.204 1.14 

5.8 0.99 0.716 2.29 0.99 0.423 1.39 
7.4 0.99 0.814 2.25 0.99 0.824 3.52 

4.2.2 DRUG RELEASE 

Anti-cancer drugs (curcumin and doxorubicin) were incorporated into the polymer gel, 

individually and in combination following the procedure of Varaprasad et al. (2011 ), according 
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to the drug loading formulation shown in Table 3.2 . The ability of a hydrogel to absorb these two 

drugs revealed that the pore size of the hydrogel is large enough to entrap the drugs into their 

polymeric network, thus causing the hydrogel to swell. However, the swelling ability and capacity 

ofhydrogel was influenced by the pH. 

The plot of the in-vitro cumulative drug release of the hydrogels, loaded with the drug(s) against 

the time ofrelease in the various buffer solutions (pHs of: 1.2, 5 .8 and 7.4) is shown in the Figures 

4.2 to 4.5 below using different drug release model s. The percentage cumulative drug release 

indicating the percentage of drug that was released over a period of 72 hours in di fferent pH is 

seen in the Table 4.2 below. The release of the individual drug(s) from the PEG-based hydrogel 

was faster than the hydrogel containing both drugs in all pHs (1.2, 5.8 and 7.4) . The release of 

curcumin from hydrogel containing both drugs was higher than doxorubicin at pH 7.4 and 5.8. 

Table 4.2: Showing the% cumulative drug release indicating the% of drug released over a period 

o/72 hours in different pHs 

DRUGS pH 1.2 pHS.8 pH 7.4 

Doxorubicin 79 68 62 

Curcumin 42 91 72 

Doxorubicin from DoxCur 65 57 50 

Curcumin from DoxCur 34 83 67 

From the Figures 4 .2 to 4.5 below, it was observed that the hydrogel was sensitive to pH since the 

release profiles of the drug(s) , individually and in combination, from the polymeric network of the 

hydrogel was influenced by pH and time. However, the release of doxorubicin was enhanced at a 

pH of 1.2. This is probably because of the solubility of doxorubicin, which increases in acidic pH 

environment. Furthermore, it can equally be due to the protonation of the groups present in the 
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doxorubicin and the hydrogel, thereby causing electrostatic repulsion between the hydrogel and 

doxorubicin and thus weakening the interaction between the hydrogel and doxorubicin. In the pHs 

of 5 .8 and 7.4, the hydroxyl groups in PEG are not protonated, especially at a pH of7.4. Thus the 

higher the pH, the more the number of un-protonated hydroxyl groups, and stronger the 

hydrogel/drug interaction. Therefore, an increase in the medium pH value leads to the reduction 

in the doxorubicin dissociation and hence the release rate. This observation is similar to the reports 

of Manocha and Margaritis (2010) and Dadsetan et al. (2013). On the other hand, in the drug 

release profile of curcumin, an enhanced release at pH 5.8 was observed. This is as a result of the 

anti-tumour properties possessed by curcumin, thereby making it more sensitive at a pH 

characteristic environment for cancer cells. This is in line with reports by Tabatabaei Mirakabad 

et al. (2016) and Zeighamian et al. (2016) . Thus, this suggests that the hydrogel is a suitable device 

for targeting curcumin to cancerous cells which would bring about an increase in the efficacy of 

the drug as an effective anti-cancer agent. Generally, it is often desired that the release of drug 

from a targeted drug delivery system should be slow or minimal at physiological pH in blood 

circulation. The reason is that this reduces drug loss in its path to the target region of the body, and 

this was the case in this study, as adjudged from the results obtained. Therefore, this study suggests 

that the hydrogel is a capable device for targeted drug delivery over a long period of time. 

For a clearer understanding of the mechanism by which these drugs were released, some widely 

employed mathematical kinetics release models for drug release were applied in this study. 

Korsmeyer-Peppas model: It is a model which describes the first 60% of drug released from a 

polymeric system. The graph is plotted by using the logarithm of the cumulative percentage of 

drug released as a function of logarithm of time. This kinetic release model is represented by the 

equation below; 
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( Mt 1 _Kt " . 
- ..................... . ....................... equation 4.1 

1-1 
~Moo) 

where, 

Mt = fraction of drug released, at time t. 
M<YJ 

K = the constant incorporating the structural geometric characteristics of the hydrogel. 

n = release exponent 

t = time ofrelease 

According to Costa and Lobo (2001 ), there are different forms of diffusion and each is determined 

by the value of n when Log Mt/Moo is plotted as a function of Log t (for the first 24 hours of drug 

release). When n = 0.5, it indicates a Fickian diffusion, when 0.S<n< l, it indicates an anomalous 

or non-Fickian diffusion, which refers to a combination of diffusion and erosion-controlled rate 

release. When n = l, it indicates a case II transport phenomenon and when n> 1, it indicates a super 

case transport II phenomenon (Costa and Lobo, 2001). The linearity and diffusion exponent (n) 

were determined from the plot of Log Mt/Moo is as a function of Log t by using the data obtained 

according to equation 4.1 . 

A good linearity was observed in all buffer solutions with the R2
, release exponent (n) and the 

correlation coefficients obtained, shown in Table 4.3 . Result indicates the applicability of Peppas 

equation to this drug delivery system . At all buffer solutions, the value of n ranged between 

0.S<n< l ton> 1, indicating non-Fickian diffusion to super case transport II, as shown in Table4.4 

124 



Table 4.3: A table showing the release exponents, n and correlation coefficients, R2 of the hydrogel 

with the loaded drug(s) 

DRUGS pH 1.2 pH 5.8 pH 7.4 
n RL k n RL K n RL k 

Doxorubicin 0.823 0.98 1.22 1.000 0.99 1.22 0.903 0.99 1.25 
Curcumin 1.000 0.99 1.10 1.335 0.98 1.78 0.950 0.99 1.09 

Doxorubicin from 0.747 0.98 1.73 0.984 0.99 1.03 1.131 0.99 1.62 
DoxCur 

Curcumin from DoxCur 1.210 0.98 2.19 1.448 0.98 2.13 1.014 0.99 1.46 

At pH 1.2, the release of doxorubicin and doxorubicin from <lox-cur was anomalous diffusion 

while the release of curcumin and curcumin from <lox-cur was case II transport and super case II 

transport diffusion respectively. At pH 5.8, the release of doxorubicin and doxorubicin from dox­

cur was case II transport diffusion and anomalous diffusion respectively while the release of 

curcumin and curcumin from <lox-cur was super case II transport diffusion. At pH 7.4, the release 

of doxorubicin and doxorubicin from <lox-cur was anomalous diffusion and super case II transport 

respectively, while the release of curcumin and curcumin from <lox-cur was anomalous diffusion 

and case II transport diffusion respectively. In addition to these observations, as the n value 

increased, the k values also increased in all the pHs (1.2 , 5 .8 and 7.4 ). 
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Figure 4.2: A figure showing the p lot of Korsmeyer -peppas release kinetics of (a) curcumin from 
the hydrogel (b) doxorubicin from the hydrogel (c) curcumin from the hydro gel containing both 
drugs and (d) doxorubicinfrom the hydrogel containing both drugs. 

Hixson crowell model: This model describes the drug dose released from a system where the 

surface area and diameter of the particle or tablet changes. In using this model, the drug particle 

dissolution rate is considered to limit the release rate, rather than the diffusion that may take place 

through the polymeric network. The graph is plotted as the cube root of the percentage of drug 

remaining in the polymer matrix as a function of time and this can be mathematically expressed 

by using the equation below: 

C/ -C/ = K Hc t ..................... . ... . ........ . ... . ..... equation 4.2 
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where, 

Ct= amount of drug released at time ' t ' 

Co= initial amount of drug 

K Hc = Hixson-Crowell 's rate constant 
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Figure 4.3: A figure showing the plot of Hixson Crowell 's release kinetics of (a) curcumin from 

the hydrogel (b) doxorubicin fro m the hydrogel (c) curcumin fro m the hydro gel containing both 

drugs and (d) doxorubicin from the hydrogel containing both drugs. 
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Table 4.4: A table showing the constant, k and correlation coefficient, R 2 of drug release from 

hydrogel 

DRUGS pH 1.2 pH 5.8 pH7.4 
R2 k R2 k R2 K 

Doxorubicin 0.98 2.12 0.98 1.07 0.98 0.85 

Curcumin 0.98 0.90 0.99 0.81 0.99 0.92 

Doxorubicin from 0.98 2.75 0.98 0.99 0.98 0.91 
DoxCur 

Curcumin from 0.99 1.58 0.98 0.86 0.98 0.89 
DoxCur 

Zero order model: It is a drug release model that describes a system whereby the drug release 

rate is independent of its concentration. This relationship can be used to describe the dissolution 

of drugs from a lot of modified release pharmaceutical dosage forms, such as a matrix tablet with 

low soluble drugs, in a coated form . The graph is plotted as the cumulative amount of drug released 

as a function of time and the equation is as below; 

C = G,-K; .. .... ..... ...... ..... ........... ..... ..... equation 4.3 

where, 

C = amount of dissolved or released drug (assuming the release occurred rapidly after the drug is 

dissolved) 

Co= initial amount of drug in solution (usually zero) 

Ko= zero order rate constant 

t = time 
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Figure 4.4: A figure showing the p lot of zero order release kinetics of (a) curcumin from the 

hydrogel (b) doxorubicinfrom the hydrogel (c) curcuminfrom the hydrogel containing both drugs 

and (d) doxorubicinfrom the hydrogel containing both drugs. 

Table 4.5: A table showing the constant, k and correlation coefficient, R2 of drug release from 

hydrogel 

DRUGS pH 1.2 pHS.8 pH 7.4 
R2 k R2 k R2 K 

Doxorubicin 0.97 3.01 0.97 0.00 1 0.96 0.58 

Curcumin 0.97 1.09 0.96 1.1 39 0.95 0.66 

Doxorubicin from 0.95 19.47 0.97 1.375 0.96 0.80 
DoxCur 

Curcumin from 0.96 3.34 0.95 0.026 0.97 0.09 
DoxCur 
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Higuchi model: It is a mathematical model that is probably the most famous and widely used to 

describe the release of drug from the matrix of a system. It is applicable to various geometric and 

porous systems. The graph is plotted as the cumulative percentage drug released versus the square 

root of time. The simple equation that represents this model is; 

I 

C = [D(2qt- Cs)Cstfi ....... . . . . . .......... . . . ............ . ... . ....... equation 4.4 

where, 

C = total amount of released drug per unit area of the matrix (mg/cm2
) 

D = diffusion coefficient for the drug in the matrix ( cm2/hr) 

qt= total amount of drug in a unit volume of matrix (mg/cm3
) 

Cs= dimensional solubility of drug in the polymer matrix (mg/cm3
) 

t = time (hr) 
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Figure 4.5: A figure showing the plot of Higuchi release kinetics of (a) curcumin from the hydro gel 

(b) doxorubicinfrom the hydrogel (c) curcuminfrom the hydrogel containing both drugs and (d) 

doxorubicin from the hydro gel containing both drugs. 

Tab le 4. 6: A table showing the constant, k and correlation coefficient, R2 of drug release from 

hydrogel 

DRUGS pH 1.2 pH 5.8 pH 7.4 
R2 k R2 k i 2 K 

Doxorubicin 0.98 11.84 0.98 8.35 0.98 3.60 

Curcumin 0.99 2.12 0.98 3.94 0.98 1.55 

Doxorubicin from 0.98 5.73 0.99 9.59 0.98 5.51 
DoxCur 

Curcumin from 0.98 2.48 0.99 2.7 1 0.98 5.32 
DoxCur 
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The in-vitro drug release profile of the drug(s) from the PEG-based hydrogel was interpreted and 

evaluated based on the above drug release models (Korsmeyer-Peppas, Hixson Crowell, Zero 

order and Higuchi) that were employed. The highest degree of correlation coefficient (R 2
) value, 

determined the most suitable model that follows the drug release kinetics. From comparing the R2 

values obtained in Tables 4.3 to 4.6, it was found that all except zero order release model showed 

very high degree of correlation coefficient. It therefore means that the drug release followed 

Korsmeyer-Peppas, Hixson Crowell and Higuchi models, but does not perfectly follow the 

principle of zero order release kinetics. Although it was approaching a high degree of correlation 

coefficient at R2 values of between 0.95-0.97. 

4.2.3. SCANNING ELECTRON MICROSCOPY 

The magnified SEM images of the hydrogel and loaded drug(s) at an accelerated voltage of 2 kV 

with similar magnification, are shown in Figures 4.6 (a-f). 

CUR 

Figure 4.6a: A figure showing SEM images of curcumin at two different magnifications: Left 
x J0000 and Right x25000 

132 



DOX 

Figure 4.6b: A figure showing SEM images of doxorubicin at two different magnifications Left 
xJ0000 and Right x25000 
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Figure 4.6c: A figure showing SEM images of PEG-based hydrogel without drug(s) at two 
different magnifications: Left x250 and Right x25000 
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PCUR 

Figures 4. 6d: A figure showing SEM images of PEG-based hydrogel loaded with curcumin at 
two different magnifications: Left x2500 and Right xS000 

PDOX 

Figures 4.6e: A figure showing SEM images of PEG based hydrogel loaded with doxorubicin at 
two different magnifications Left xJ 0000 and Right x25000 
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Figures 4. 6f A.figure showing SEM images of PEG loaded with doxorubicin/curcumin at two 
different magnifications: Left x ] 0000 and Right x25000 

An irregular topographies of the surfaces of the samples (PEG, curcumin and doxorubicin) are as 

observed in Figures 4.6 (a-c), and these are similar to the images obtained by (Rachmawati et al., 

2013, Jayakumar et al., 2012). The PEG-based hydrogel appears coarse and irregular in shape and 

the curcumin block-like shaped, while doxorubicin is spherical in shape. In the case of PD ox, PCur 

and PDoxCur, there are changes in the morphology because the original morphology of the 

individual components had disappeared. These changes in the feature of the hydrogel as seen in 

Figures 4.6 (e-f) are as a result of the incorporated drugs and this alteration in the pattern noticed 

confirms that the drugs were absorbed by the polymer matrix of the hydrogel. Furthermore, the 

loaded drug(s) appear(s) to be more compact and thi s may be due to the strong aggregation of the 

hydrogel and drug(s) via noncovalent forces, mediated by the drug(s) and similar to the reports of 

(She et al., 2013). 
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4.2.4. X-RAY DIFFRACTION 

The changes in the morphological structure and crystallinity of the hydrogel, before and after 

loading with drug(s) were studied by using XRD. These changes can be seen in Figures 4 .7 and 

4.8 
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Figure 4. 7: A figure showing XRD patterns of (a) PEG, Cur, PCur and PDoxCur (b) PEG, Dox, 
PDox and PDoxCur 

For a better understanding of the morphological changes that occurred, the individual XRD 

patterns of the hydrogel (with and without the drugs) and the individual drug(s) are depicted in the 

Figure 4.8 (a-f) below. 
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Figure 4.8: A figure showing XRD patterns of (a) PEG (b) Cur (c) Dox (d) PCur (e)PDox and 

(f)PDoxCur 

The Bragg's angles of the drug(s) show a diffraction curve that reveals a significant change in the 

diffraction pattern after it has been loaded unto the hydrogel. The drugs show the characteristic 

crystalline peaks. Major reflections corresponding to the Bragg's angle, 20 are observed at: 8°, 9° 

, 12°, 15°-19.5°, 21 °, 24°-29°, but strongest are observed at 9° and 18° for curcumin and the major 

reflections observed in doxorubicin are at: 4°, 8°, 10°, 11 °, 13 .5°, 15°, 17°, 18°, 19.5°, 21 °, 24°, 25°, 

26°, 30.5°, 31 °, 33.5°, 34.5°, 35.5°, 36.5° with the strongest at: 4°, 17°, 18°, 19.5°, 21 °, whereas the 

PEG-based hydrogel reveals amorphous characteristics without any prominent peak. This result is 

similar to that obtained by Qiao et al. (2016). In the case of PD ox, PCur and PDoxCur, the 

crystalline peaks of the loaded drug(s) di sappeared thus confirming the incorporation of the drug(s) 

and this observation is comparable to reports made by Anitha et al. (2011 ). However, broad peaks 

were seen at: 12°-28°, 12°-19°, 22°-25° and 13°-28° for PDoxCur, PDox and PCur respectively. 

The absence of crystalline peaks is possibly because of the formation of an amorphous complex, 
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which can be ascribed to the intermolecular interaction between the PEG based hydrogel and the 

drug(s) within the matrix (Shaikh et al., 2009, Yallapu et al. , 2010). 

Furthermore, a decrease in intensity is observed in both drugs when loaded on the hydrogel. This 

is due to the interaction between the drugs and the polymeric network of the hydro gel, thus leading 

to a decrease in the intermolecular interaction between the drugs. Also, no crystallinity was 

observed in the drug-loaded hydrogels and this is also because there is dispersion of the drug at 

the molecular level of the polymer matrix. This observation is similar to that of (Chavis et al. , 

2012). For ease of degradation, it is necessary for hydrogel to have less structural stability. This 

is accomplished in the case of this hydrogel as seen in its low crystallinity since low crystallinity 

indicates less structural stability. 

4.2.5. FOURIER TRANSFORM INFRARED SPECTROSCOPY 

In Figure 4.9a and 4.9b, the FTIR spectra reveal the relevant characteristic peaks of the hydrogel 

formulations. Inferences made, based on the peaks observed are highlighted in the Table 4.7(a-c) 

below. The presence of the various groups, aside the -enol and - amine groups in curcumin and 

doxorubicin respectively are shown in Table 4.7(a) and 4.7(b). This result agrees with reports of 

Pa war et al. (2014) and Shah Sumit (2013 ), respectively. The supplementary bands seen in the 

spectrum of the PEG-based gel, is as a result of the other components of the hydrogel. 
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Figure 4.9: A figure showing FTIR spectra of (a) PEG, Cur, PCur and PDoxCur (b) PEG, Dax, 
PDox and PDoxCur 
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Table 4. 7 (a) : A table showing the p eaks and frequencies of Doxorubicin 

Frequency (cm-1) Indication (type of bond) Inference 

3357-3560 O-H Hydroxyl stretching 

2750-2980 N-H and O-H Amine and Hydroxyl stretching 

1730 C=O Ketone stretching 

1309 C-O-C Ether stretching 

1120 C-O Tertiary alcohol 

1000 C-O Secondary alcohol 

590-899 C-O Primary alcohol 

Table 4. 7 (b): A table showing the p eaks and frequencies of Curcumin 

Frequency (cm-1) Indication (type of bond) Inference 

3500 O-H Hydroxyl stretching 

2938 C-H Alkanes stretching 

1590-1615 C=O Ketone stretching 

1500-1400 C=C Aromatic stretching 

1402 C-O Phenol stretching 

1205-1290 C-O Ethanol stretching 

650-960 C-H Benzoate trans C-H vibration 

Table 4. 7 (c): A table showing the p eaks and frequencies of PEG 

Frequency (cm-1) Indication (type of bond) Inference 

3300-3600 O-H Hydroxyl stretching 

2980-3000 C-H Alkanes stretching 

1700-1600 C=O Amide stretching 

1392-1506 C-H Alkanes sci ssoring/bending 

972-1050 C-O Alcohol stretching 

435-560 C-C Vibration 
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On comparing the FTIR spectra of the drug(s) and the PEG-based hydrogel loaded with the drug(s), 

the peaks representing the various groups present in each drug still appeared. The curcumin peaks 

in the region between 1205-1290 cm-1 and doxorubicin peaks in the region between 2750-2980 

cm-', respectively, were still visible in the hydrogel loaded with the drug(s), thus confirming the 

presence of the drug(s) in the hydrogel. In addition, there are notable shifts in the spectra of the 

drug loaded hydrogels when compared with that of unloaded hydrogel and this confirms the 

complexation and presence of intermolecular hydrogen bonding between the drug(s) and the 

hydrogel (Kaya! and Ramanujan, 2010). 

4.2.6. THERMOGRAVIMETRIC AN AL YSIS 

The hydrogels (drug free and drug loaded) and drugs were subjected to thermal analysis (TGA) in 

order to study the thermal behaviour and the possible interaction between the drug(s) and polymer. 

Figure 4.10 (a-f) reveals the various degradation steps of the hydrogel, drug loaded hydrogel and 

the drugs. 
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Figure 4. 10: A.figure showing TGA analysis of (a) Curcumin, (b) Doxorubicin, (c) PCur, (d) 
PDox, (e) PDoxCur, (I) PEG 

Multiple degradation steps were observed in the TGA thermograph of the drugs and the polymer 

loaded with drugs (Fig. 4.1 Oa-e), whereas the neat polymer has only one degradation step (Fig. 

4 .1 Of). An initial weight loss was observed in all samples at di fferent temperatures and this is as a 

result of the removal of water molecules from the samples; ~4% at 239°C for curcumin, ~3% at 

204°C for doxorubicin, ~3% at 2 12°C for the PEG-based hydrogel, ~9% at 202°C for hydrogel 

bound to curcumin, ~ 7% at 200°C for hydrogel-loaded with doxorubicin and ~ 11 % at 222°C for 

the hydrogel-loaded with both drugs. Subsequent secondary and fina l weight losses were further 

observed in all the samples, with the presence of char residue. It was observed that the secondary 

and final weight losses were, for : curcumin (~54 and ~98%) occurred at 422°C and 547°C, 

respectively, doxorubicin ( ~49 and ~99%) occurred at 518°C and 617°C, respectively, hydrogel 

loaded with curcumin (~37 and ~79%) at 360°C and 564°C, respectively, hydrogel loaded with 
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doxorubicin (~38 and ~ 77%) at 372°C and 557°C, respectively, hydrogel loaded with both drugs 

(~34 and ~73%) at 351 °C and 537°C, respectively (Fig. 4.IOa-e), whi le the hydrogel that has just 

one degradation step had its subsequent weight loss of ~90% at 4 l 8°C (Fig. 4.1 Of). Also, the results 

for the polymer loaded dru gs, showed a combination of the individual behaviours of the two neat 

drugs, indicating that the two drugs existed separately in the hydrogel with very minimal or no 

chemical interaction between the drugs. 

Furthermore, according to the observed pattern of degradation, it is found that hydrogels loaded 

with the drug(s) were more stable than the drugs (curcumin and doxorubicin). Rapid degradation 

was observed in the drugs, whereas a steady degradation was found in the case of the hydrogel , 

thus confirming the usefulness of hydrogel as a good drug carrier because the thermal stability of 

the drugs is improved when loaded on the hydrogel substrate. This is in line with reports by Thakur 

et al. (2012). This improvement is attributed to the hydrogel-drug interaction. In particular, 

complexing of a drug and a polymer leads to the absence/shifting of endothermic peaks, indicating 

a change in the crystal lattice, melting, boiling, or sublimation points (Yallapu et al., 20 I 0). 

4.2.7 CYTOTOXICITY STUDY ON MCF-7 CELL LINES 

The minimum inhibitory concentration (ICso) studies and dose/time-dependent studies that were 

carried out revealed the effects of free drug(s) and drug(s) loaded unto the hydrogel against breast 

cancer cells. 

Minimum inhibitory concentration of drug(s) IC so and time dependent studies: 

The minimum inhibitory concentration represents the concentration of drug required to inhibit 

50% growth of the cell. Table 4.5 below shows the IC so value of the drugs used for this study. 
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Figures 4. l 2-4 . l 4shown below reveal the effect of the therapeutic agents and the hydrogel on 

various test groups over the period of 72 hours treatment when compared with the control groups. 

Table 4.8: A table showing the JC50 values of the various test groups 

INCUBATION TIME ICso VALVES (µg/mL) 

Cur PCur Dox PDox DoxCur PDoxCur 
24 hours 0.72 0.51 1.00 0.64 0.59 0.93 
48 hours 0.68 0.48 0.80 0.50 0.53 0.42 
72 hours 0.60 0.41 0.74 0.47 0.50 0.31 
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Figure 4.11 : A figure showing the percentage cell growth of curcumin and PEG-curcumin at (a) 
24 hours (b) 48 hours and (c) 72 hours. 
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The enhanced anti-cancer effect of the PEG-based hydrogel loaded with the two drug(s) was 

investigated by testing the drug-loaded PEG hydrogels against MCF-7 breast cancer cells. The 

treatment with free drugs ( curcumin, doxorubicin and in combination, i.e. curcumin/doxorubicin) 

were used as positive control while untreated cells were used as negative control. The results show 

a significantly suppressed MCF-7 proliferation rate in drug dose and in a time dependent manner 

when compared to the untreated groups. Cells treated with PEG-doxorubicin, showed a lower 

effectiveness when compared to the PEG-curcumin. However, the anti-tumour effect of PEG­

doxorubicin/curcumin, was clearly greater than the other groups as the dose increased as shown in 

Figure 4.13. The combination of free curcumin and doxorubicin showed an enhanced anti-tumour 

effect when compared to the free doxorubicin and curcumin treated groups respectively, as seen 

in Figure 4.13. Furthermore, it was observed that the effect ofPEG-curcumin at 24hours is similar 

to the free doxorubicin/curcumin at 48hours while PEG-doxorubicin at 48hours is similar to the 

free doxorubicin/curcumin at 72 hours. This implies that the use of the PEG based hydrogel 

improves the overall effectiveness of the individual drug(s). Further observations is represented in 

the higher ICso value of PEG-doxorubicin/curcumin at 24 hours when compared to the free 

doxorubicin/curcumin, although it greatly lowered over time (after 24hours). Consequently, 

greater cell death after 24 hours was observed in groups treated with PEG-doxorubicin/curcumin 

as observed in the reduced ICso values shown in Table 4.8. This initial increase in the ICso value 

ofPEG-doxorubicin/curcumin can be attributed to the interaction of both drugs within the hydrogel 

and the continuous accumulation of the drugs released from the hydrogel after the disassembling 

and internalization of the PEG-doxorubicin/curcumin, respectively. Similar observation was 

reported by Ganta and Amiji (2009). The higher ICso value observed in the free drug(s) treatment 

group is attributed to the quick removal and internalization of the free drug(s) 
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doxorubicin/curcumin via passive diffusion by the cells. Similar findings were reported by Zhang 

and his colleagues (Zhang et al. , 2016) . Also, the IC so values of doxorubicin and PEG-doxorubicin 

remained highest at the end of the entire study; this might be because of the cells resistance to 

doxorubicin. Drug resistance by cancerous cells have been a reported challenge by researchers, 

e.g. Smith and his co-workers. (Smith et al. , 2006). However, with the combination of curcumin, 

a better therapeutic effect was observed. Furthermore, with the use of the hydrogel, the dose of the 

drug was reduced and a prolong circulation time for the drug delivery was observed. These 

observations from the in-vitro cytotoxicity studies indicate that there is an enhanced anti-tumour 

effect by the drugs (doxorubicin/curcumin) released from the PEG-based hydrogel and a 

synergistic inhibitory effect of doxorubicin and curcumin on the cell growth of breast cancer cells 

was observed. These observations are similar to that which was reported by Zhang et al. (2016) 

and Barui et al. (2014). 

4.3 DISCUSSION 

The micrographs and spectra data obtained from the different characterization techniques, such as 

SEM and FTIR show a fine integration of the drugs onto the polymer hydrogel substrate and thus 

the observed significant benefits associated with the use of the PEG-based polymer incorporated 

with drug(s) in the treatment of MCF-7 breast cancer lines. This benefit is evident in the major 

positive effects seen in the hydrogel loaded with both drugs (in combination) when compared to 

the controls, free drugs (unloaded onto the polymer). The hydrogel increased the efficacy of the 

drug(s) , individually and in combination, despite the fact that cancerous cells are known to become 

drug resistant. The next chapter (chapter 5) focuses on the conclusions and recommendations, 

based on the results obtained. 
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CHAPTER FIVE 

5.0 CONCLUSIONS AND RECOMMENDATION 

5.1 CONCLUSIONS 

The purpose of this study was to develop a PEG-based hydrogel for dual drug deli very. Swelling 

studies was performed on the hydrogel in order to determine its swelling capacity, followed by 

drug release studies tin order to observe the drug release profile of the drug(s) , and in-vitro 

cytotoxicity test on MCF-7 breast cancer cell lines using the hydro gel loaded with the drugs in 

varying combination ratio for comparative combination therapy study. 

Free radical polymerization method was employed in the synthesis of the hydrogel , in the presence 

of PEG, N-isoproplylamide and gum acacia. The characterization of the hydrogel was carried out 

using the: FTIR, SEM, TGA, and XRD for the confirmation of incorporated anti-cancer drugs 

(doxorubicin and curcumin). 

Results from the swelling ratio analysis revealed that the hydrogel is pH sensitive. The drug release 

studies of both drugs further confirmed the pH sensitive nature of the hydro gel. This information 

can be used to specifically load drugs indivi dually or in combination and subsequently trigger the 

release of the drugs at physiological pH values. Furthermore, it can be established that the PEG ­

based hydrogel can be used as a potential targeted drug delivery device because from study, the 

hydrogel in the acidic buffer did not release a large amount of the drug(s) incorporated in it 

suggesting it can by-pass the gastric acid of the stomach, hence its usefulness as a drug delivery 

device to the intestine in a controlled manner. 

From the results obtained after the minimum inhibitory concentration test and in-vitro toxicity, 

studies were performed on MCF-7 breast cancer cell lines. There was no significant toxicity to the 
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cells treated with the hydrogel without drug(s), but there was an increased efficacy of the PEG­

based hydrogel containing both drugs ( combined) . At the end of the 72 hours treatment, all IC so 

values reduced in all the treated groups, however a significant reduction was observed in groups 

the treated with the hydrogel and drug(s), and thus it can be said that there is a relationship between 

the duration of treatment and the concentration required to cause 50% inhibition of cell growth. 

In summary, combination therapy by using this PEG-based hydrogel was observed to have a 

significant difference on the effects observed on the cell lines when compared to the control test 

groups and even the other hydrogel loaded with just one drug. It can, therefore be concluded that 

the PEG based hydrogel is capable of delivering these drugs over a long time, thereby making it a 

suitable therapeutic agent for combination breast cancer therapy. 
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5.2 RECOMMENDATION. 

Even though all the proposed objectives of this research were accomplished and the data obtained 

indicate the inhibitory effect of the drug(s)-loaded unto the PEG-based hydrogel on the 

proliferation of breast cancer cells, further investigation and research can be done at the molecular 

level. This can involve the investigation of the effect of the PEG-based hydrogel in-vivo , thus 

allowing a better clarity and understanding on the effect of the PEG-based gel at a deeper level , 

since more studies are required to elucidate the underlying mechanisms of the drugs on MCF -7 

breast cancer cell lines. 

154 



REFERENCES 

ADAMS, G. P. & WEINER, L. M. 2005. Monoclonal antibody therapy of cancer. Nature 

biotechnology, 23, 1147-1157. 

ADERIBIGBE, B., V ARAPRASAD, K. , SADIKU, E., RAY, S., MBIANDA, X., FOTSING, M., 

OWONUBI, S. & AGWUNCHA, S. 2015. Kinetic release studies of nitrogen-containing 

bisphosphonate from gum acacia crosslinked hydrogels. International journal of biological 

macromolecules, 73, 115-123. 

AGUILAR, M ., ELVIRA, C., GALLARDO, A., VAZQUEZ, B. & ROMAN, J. 2007. Smart 

polymers and their applications as biomaterials. Topics in tissue engineering, 3. 

AKANKSHA, B. , GANESH, K. & PREETI, K. 2014. Indian Journal ofNovel Drug Delivery. 

Indian Journal of Novel Drug delivery, 6, 215-222. 

ALBERTS, B., JOHNSON, A., LEWIS, J., RAFF, M., ROBERTS, K. & WALTER, P. 2008. 

Molecular Biology of the Cell 5th ed.(Garland science, Taylor & Francis Group). 

ALEXANDER, L. E. 1969. X-ray diffraction methods in polymer science. 

ALI-BOUCETTA, H., AL-JAMAL, K. T., MCCARTHY, D., PRATO, M., BIANCO, A. & 

KOST ARELOS, K. 2008. Multi walled carbon nanotube-doxorubicin supramolecular 

complexes for cancer therapeutics. Chemical Communications, 459-461 . 

ALLEN, T. M. & CULLIS, P . R. 2004. Drug delivery systems: entering the mainstream. Science, 

303, 1818-1822. 

ALSAAD, A. M ., ZORDOKY, B. N., EL-SHERBENI, A. A. & EL-KADI, A. 0 . 20 12. Chronic 

doxorubicin cardiotoxicity modulates cardiac cytochrome P450-mediated arachidonic acid 

metabolism in rats. Drug Metabolism and Disposition, 40, 2126-2135. 

155 



ALTERI, R., BANDI, P. , BRINTON, L. , CASARES , C., COKKINIDES, V. & GANSLER, T . 

2011. Breast cancer facts & figures 2011-2012 . American Cancer Society, Atlanta, GA., 

USA, 1-36. 

ANDERSEN, A. , HOLTE, H . & SL0RDAL, L. 1999. Pharmacokinetics and metabolism of 

doxorubicin after short-term infusions in lymphoma patients . Cancer chemotherapy and 

pharmacology, 44, 422-426. 

ANDERSON, D . E. & BADZIOCH, M. D. 1993 . Familial breast cancer risks. Effects of prostate 

and other cancers. Cancer, 72, 114-119. 

ANITHA, A. , DEEPAGAN, V., RANI, V. D., MENON, D., NAIR, S. &JAYAKUMAR, R. 2011. 

Preparation, characterization, in vitro drug release and biological studies of curcumin 

loaded dextran sulphate- chitosan nanoparticles . Carbohydrate Polymers, 84, 115 8-1164. 

ARCAMONE, F., CASSINELLI, G., FANTINI, G. , GREIN, A., OREZZI, P. , POL, C. & 

SP ALLA, C. 2000. Adriamycin, 14- Hydroxydaunomycin, a new anti tumor antibiotic from 

S. peucetius var. caesius. Biotechnology and bioengineering, 67, 704-713 . 

ARMSTRONG, D. , BUNDY, B., WENZEL, L ., OZOLS, R., BUNDY, B. & GREER, B . 2006. 

Intra peritoneal chemotherapy for ovarian cancer. N Engl J Med, 2006, 1641-1643. 

ATKINS, E. 1989. Comprehensive Polymer Science, Vol. 1, Polymer Characterization, edited by 

C. Booth & C. Price. Oxford: Pergamon Press. 

AUNE, D., CHAN, D., VIEIRA, A., ROSENBLATT, D. N., VIEIRA, R. , GREENWOOD, D . & 

NORAT, T . 2012. Fruits, vegetables and breast cancer risk: a systematic review and meta­

analysis of prospective studies. Breast cancer research and treatment, 134, 4 79-493 . 

156 



AZZAOUI, K., HAMMOUTI, B., LAMHAMDI, A. , MEJDOUBI, E. & BERRABAH, M. 2015 . 

The Gum Arabic in the southern region of Morocco. Moroccan Journal of Chemistry, 3, 

99-107 . 

BAE, Y . & KATAOKA, K. 2006. Significant enhancement of antitumor activity and 

bioavailability of intracellular pH-sensitive polymeric micelles by folate conjugation. 

Journal of Controlled Release, 116, e49-e50. 

BAHCALL, 0 . 2013. Common variation and heritability estimates for breast, ovarian and prostate 

cancers. Nat. Genet. 

BAHLS, C. & FOGARTY, M. 2002. Reining in a killer disease; cancer and chronic disease in the 

same sentence? Researchers hope it's not an oxymoron.(News)(Cover Story). The Scientist, 

16, 16-19. 

BALDO, B. A. & PHAM, N . H. 2013. Adverse reactions to targeted and non-targeted 

chemotherapeutic drugs with emphasis on hypersensitivity responses and the invasive 

metastatic switch. Cancer and Metastasis Reviews, 32, 723 -761. 

BANERJEE, M., SINGH, P. & PANDA, D. 2010. Curcumin suppresses the dynamic instability 

of microtubules, activates the mitotic checkpoint and induces apoptosis in mcf- 7 cell s. 

FEES journal, 277, 343 7-3448. 

BANUELOS, J. , SHIN, S., CAO, Y. , BOCHNER, B. S., MORALES- NEBREDA, L. , 

BUDINGER, G., ZHOU, L. , LI, S. , XIN, J. & LINGEN, M. 2016. BCL- 2 protects 

human 

and mouse Thl 7 cells from glucocorticoid- induced apoptosis. Allergy . 

BARA VKAR, A., KALE, R. & SAW ANT, S.2011 . FT-IR spectroscopy: Principle, technique and 

mathematics . International Journal of Pharma and Bio Sciences, 2, 513-519. 

157 



BAROLI, B. 2007. Hydrogels for tissue engineering and delivery of tissue- inducing substances. 

Journal of pharmaceutical sciences, 96, 2197-2223. 

BARUI, S., SAHA, S., MONDAL, G., HASEENA, S. & CHAUDHURI, A. 2014. Simultaneous 

delivery of doxorubicin and curcumin encapsulated in liposomes of pegylated RGDK­

lipopeptide to tumor vasculature. Biomaterials, 35, 1643-1656. 

BAUMANN, M. D ., KANG, C. E., STANWICK, J.C., WANG, Y., KIM, H., LAPITSKY, Y. & 

SHOICHET, M. S. 2009. An injectable drug delivery platform for sustained combination 

therapy. Journal of Controlled Release, 138, 205-213. 

BECKERS, T. & MAHBOOBI, S. 2003 . Natural, semisynthetic and synthetic microtubule 

inhibitors for cancer therapy. Drugs Future, 28, 767-785. 

BEEBE- DIMMER, J . L., YEE, C., COTE, M. L., PETRUCELLI, N ., PALMER, N ., BOCK, C., 

LANE, D., AGALLIU, I., STEFANICK, M. L. & SIMON, M. S. 2015. Familial clustering 

of breast and prostate cancer and risk of postmenopausal breast cancer in the Women's 

Health Initiative Study. Cancer, 121, 1265-1272. 

BERGER, A. & PANDOLFI, P. 2011. Cancer susceptibility syndromes. De Vita, Hellman, and 

Rosenberg's Cancer: Principles and Practice of Oncology, 161-172. 

BERMAN, J. J. 2004. Tumor taxonomy for the developmental lineage classification of neoplasms. 

BMC cancer, 4, 88. 

BERNSTEIN, S. H. & BURACK, W. R. 2009. The incidence, natural history, biology, and 

treatment of transformed lymphomas. ASH Education Program Book, 2009, 532-541. 

BERTHOLON, I. , VAUTHIER, C. & LABARRE, D . 2006. Complement activation by core-shell 

poly (isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface 

morphology, length, and type of polysaccharide. Pharmaceutical research, 23, 1313-1323. 

158 



BHARADWAJ, R. & YU, H. 2004. The spindle checkpoint, aneuploidy, and cancer. Oncogene, 

23, 2016-2027. 

BHATT, D. C. 2010. Studies on enteric coated sustained timed-release tablets of metronidazole. 

Journal of Chemical and Pharmaceutical Research, 2, 226-232 . 

BHATTACHARYY A, S., MANDAL, D., SEN, G. S., PAL, S., BANERJEE, S., LAHIRY, L., 

FINKE, J. H ., TANNENBAUM, C. S., DAS, T. & SA, G. 2007 . Tumor-Induced Oxidative 

Stress Perturbs Nuclear Factor-KB Activity-Augmenting Tumor Necrosis Factor-a­

Mediated T-Cell Death: Protection by Curcumin. Cancer research, 67, 362-370. 

BHOWMIK, D ., GOPINATH, H., KUMAR, B. P., DURAlVEL, S. & KUMAR, K. S. 2012. 

Controlled release drug delivery systems. The Pharma Innovation, l. 

BLAND, K. I. 2005. smuel W. Beenken, Edward M. Copeland III. The Breast. In-Schwartz's 

Principles of surgery, Charles F. Brunicardi, McGraw Hill, 470. 

BRAHMANKAR, D. & JAISW AL, S. 2009. Biopharmaceutics and Pharmacokinetics: 

Pharmacokinetics. Vallabh Prakashan, 399-401 . 

BRAIN, C. & SMITH, B. 1996. Fundamentals of Fourier transform infrared spectroscopy. Boca 

Raton: CRC Press. 

BRANNON-PEPPAS, L. & PEPPAS, N . A. 1991. Equilibrium swelling behavior of pH-sensitive 

hydrogels. Chemical Engineering Science, 46, 715-722. 

BRAULT, J. W. 1996. New approach to high-precision Fourier transform spectrometer design. 

Applied Optics, 35, 2891-2896. 

BRITO, D. A. , YANG, Z. & RIEDER, C. L. 2008. Microtubules do not promote mitotic slippage 

when the spindle assembly checkpoint cannot be satisfied. The Journal of cell biology, 182, 

623 -629. 

159 



BRODY, J. G. & RUDEL, R . A. 2003. Environmental pollutants and breast cancer. Environmental 

health perspectives, 111, 1007. 

BRUCE, A. 2002. Molecular Biology of the Cell 5th edn (New York: Garland Science). 

BRUNTON, L. L., CHABNER, B. & KNOLLMANN, B. C. 2011. Goodman & Gilman's the 

pharmacological basis of therapeutics, McGraw-Hill Medical New York. 

BUCHHOLZ, T. A., WU, X ., HUSSAIN, A., TUCKER, S. L., MILLS, G. B., HAFFTY, B., 

BERGH, S., STORY, M., GEARA, F. B . & BROCK, W. A. 2002. Evidence of ha plot ype 

insufficiency in human cells containing a germline mutation in BRCAl or BRCA2. 

International journal of cancer, 97, 557-561. 

BURSTEIN, H. J., HARRIS, J. R. & MORROW, M. 2008. Malignant tumors of the breast. 

Cancer: principles and practice of oncology. 8th ed. Philadelphia: Lippincott, Williams & 

Wilkins, 1606-54. 

CAAN, B. J., EMOND, J. A. , NAT ARAJAN, L., CASTILLO, A., GUNDERSON, E. P., HABEL, 

L., JONES, L., NEWMAN, V. A. , ROCK, C. L. & SLATTERY, M. L. 2006. Post-

diagnosis weight gain and breast cancer recurrence in women with early stage breast 

cancer. Breast cancer research and treatment, 99, 4 7-57. 

CAMPBELL, F. C. & COLLETT, G. P. 2005. Chemopreventive properties of curcumin. 

CARROLL, C. E., ELLERSIECK, M. R. & HYDER, S. M . 2008. Curcumin inhibits MPA­

induced secretion of VEGF from T47-D human breast cancer cells. Menopause, 15, 570-

574. 

CAYO, M ., RAJKUMAR, S. V. , PALUMBO, A., MOREAU, P ., ORLOWSKI, R. , BLADE, J ., 

SEZER, 0 ., LUDWIG, H., DIMOPOULOS , M . A. & ATTAL, M. 2011. International 

Myeloma Working Group consensus approach to the treatment of multipl e myeloma 

160 



patients who are candidates for autologous stem cell transplantation. Blood, 117, 6063-

6073. 

CHABNER, B. A. & LONGO, D. L. 201 I. Cancer chemotherapy and biotherapy: principles and 

practice, Lippincott Williams & Wilkins. 

CHAKRABORTY, G., JAIN, S., KALE, S., RAJA, R., KUMAR, S., MISHRA, R . & KUNDU, 

G. C. 2008. Curcumin suppresses breast tumor angiogenesis by abrogating osteopontin­

induced VEGF expression. Mal Med Rep, 1, 641-646. 

CHANDRAN, U., HIRSHFIELD, K. M. & BANDERA, E. V. 2012. The role of anthropometric 

and nutritional factors on breast cancer risk in African-American women. Public health 

nutrition, 15, 73 8-7 48. 

CHANG, A. E., GANZ, P.A. , HAYES, D. F., KINSELLA, T., PASS, H. I., SCHILLER, J. H., 

STONE, R. M. & STRECHER, V. 2007. Oncology: an evidence-based approach, Springer 

Science & Business Media. 

CHANG, S., KRAMER, W., FELDMAN, S., BALLENTINE, R. & FRANKEL, L. 1981. 

Bioavailability of allopurinol oral and rectal dosage forms. American Journal of Health­

System Pharmacy, 38, 365-368. 

CHAPMAN, S. K. 1986. Working with a scanning electron microscope, Lodgemark Press. 

CHA VIS, M. A., YOU, N. H., MAEDA, R., WELCH, M. E., OHM, C. & OBER, C. K. Cleavable 

self-organized thin films: Block copolymers and brushes. ABSTRACTS OF PAPERS OF 

THE AMERICAN CHEMICAL SOCIETY, 20 12. AMER CHEMICAL SOC 1155 16TH 

ST, NW, WASHINGTON, DC 20036 USA. 

161 



CHEN, S., LI, Y., GUO, C. , WANG, J., MA, J., LIANG, X. , YANG, L.-R. & LIU, H.-Z . 2007 . 

Temperature-responsive magnetite/PEO-PPO-PEO block copolymer nanoparticles for 

controlled drug targeting delivery. Langmuir, 23, 12669-12676. 

CHEUNG-ONG, K. , GIAEVER, G . & NISLOW, C. 2013 . DNA-damaging agents in cancer 

chemotherapy: serendipity and chemical biology. Chemistry & biology, 20, 648-659. 

CHIOU, W. L. & RIEG ELMAN, S. 1971. Pharmaceutical applications of solid dispersion systems. 

Journal of pharmaceutical sciences, 60, 1281-1302. 

CHIU, T .-L. & SU, C.-C. 2009 . Curcumin inhibits proliferation and migration by increasing the 

Bax to Bcl-2 ratio and decreasing NF-kappaBp65 expression in breast cancer MDA-MB-

231 cells. Int J Mal Med, 23, 469-475. 

CHLEBOWSKI, R. T., HENDRIX, S. L., LANGER, R. D ., STEFANICK, M. L. , GASS, M. , 

LANE, D ., RODABOUGH, R. J., GILLIGAN, M.A., CYR, M. G. & THOMSON, C. A. 

2003. Influence of estrogen plus progestin on breast cancer and mammography in healthy 

postrnenopausal women: the Women's Health Initiative Randomized Trial. Jama, 289, 

3243-3253. 

CHOU, T.-C. 2006. Theoretical basis, experimental design, and computerized simulation of 

synergism and antagonism in drug combination studies. Pharmacological reviews, 58, 

621-681. 

CHOU, T .-C. 2010. Drug combination studies and their synergy quantification using the Chou­

Talalay method. Cancer research, 70, 440-446. 

CHOUDHURI, T ., PAL, S., AGWARWAL, M. L. , DAS, T . & SA, G. 2002. Curcumin induces 

apoptosis in human breast cancer cells through p53- dependent Bax induction . FEES letters, 

512, 334-340. 

162 



CHOUDHURI, T. , PAL, S., DAS, T. & SA, G. 2005. Curcumin selectively induces apoptosis in 

deregulated cyclin DI -expressed cells at G2 phase of cell cycle in a p53-dependent manner. 

Journal of Biological Chemistry, 280, 20059-20068. 

CLARKE, S. J. & RIVORY, L. P. 1999. Clinical pharmacokinetics of docetaxel. Clinical 

pharmacokinetics, 36, 99-114. 

COATS, A. & REDFERN, J . 1963. Thermogravimetric analysis. A review. Analyst, 88, 906-924. 

COLDITZ, G. A. 1999. Hormones and breast cancer: evidence and implications for consideration 

ofrisks and benefits of hormone replacement therapy. Journal of Women's Health, 8, 347-

357. 

COLOMBO, M. , CARREGAL-ROMERO, S., CASULA, M. F., GUTIERREZ, L. , MORALES , 

M. P. , BOEHM, I. B ., HEVERHAGEN, J. T. , PROSPERI , D. & PARAK, W. J. 2012. 

Biological applications of magnetic nanoparticles. Chemical Society Reviews, 41, 4306-

4334. 

COLOMBO, P., BETTINI, R ., SANTI, P., DE ASCENTIIS, A. & PEPPAS, N. 1996. Analysis of 

the swelling and release mechanisms from drug delivery systems with emphasis on drug 

solubility and water transport. Journal of controlled release, 39, 231-237. 

COL VIN, G. A. & ELFENBEIN, G. J. 2003. The latest treatment advances for acute myelogenous 

leukemia. Medicine and Health Rhode Island, 86,243. 

COL VIN, M . 2003. Alkylating agents. 

CONNAL, L.A., LI, Q. , QUINN, J. F. , TJIPTO, E. , CARUSO, F. & QIAO, G. G. 2008. pH-

responsive poly (acrylic acid) core cross-linked star polymers: morphology transitions in 

solution and multilayer thin films . Macromolecules, 41, 2620-2626. 

163 



COOPER, G . 2000. Chapter 14: the eukaryotic cell cycle. The cell: a molecular approach (2nd 

ed.). Washington, DC: ASM Press. ISBN 0-87893-106-6. 

CORTES-FUNES, H . & CORONADO, C. 2007. Role of anthracyclines in the era of targeted 

therapy. Cardiovascular toxicology, 7, 56-60. 

COST A, P . & LOBO, J.M. S. 2001. Modeling and comparison of dissolution profiles. European 

journal of pharmaceutical sciences, 13, 123-133. 

COZIC, C., PICTON, L., GARDA, M.-R., MARLHOUX, F. & LE CERF, D . 2009. Analysis of 

arabic gum: Study of degradation and water desorption processes. Food Hydrocolloids, 23, 

1930-1934. 

DA SILVA, R. M ., LOPEZ- PEREZ, P . M., ELVIRA, C., MANO, J . F., ROMAN, J . S. & REIS, 

R. L. 2008. Poly (N- isopropylacrylamide) surface- grafted chitosan membranes as a 

new substrate for cell sheet engineering and manipulation. Biotechnology and 

bioengineering, 101, 1321-1331. 

DADSETAN, M. , TAYLOR, K. E., YONG, C., BAJZER, Z., LU, L. & YASZEMSKI, M. J. 2013. 

Controlled release of doxorubicin from pH-responsive microgels. Acta biomaterialia, 9, 

5438-5446 . 

DA VIES , H ., BIGNELL, G. R. , COX, C., STEPHENS, P., ED KINS, S., CLEGG, S., TEAGUE, 

J., WOFFENDIN, H ., GARNETT, M . J. & BOTTOMLEY, W. 2002. Mutations of the 

BRAF gene in human cancer. Nature, 417, 949-954. 

DEARDEN, C. E., MATUTES, E., CAZIN, B ., TJ0NNFJORD, G . E. , PARREIRA, A., 

NOMDEDEU, B ., LEONI, P. , CLARK, F. J. , RADIA, D . & RASSAM, S. M. 2001 . Hi gh 

remission rate in T-cell prolymphocytic leukemia with CAMPATH-lH. Blood, 98, 1721-

1726. 

164 



DESHPANDE, A., RHODES, C., SHAH, N. & MALICK, A. 1996. Controlled-release drug 

delivery systems for prolonged gastric residence : an overview. Drug development and 

industrial pharmacy, 22, 531-539. 

DEVITA, V. T., LAWRENCE, T. S. &ROSENBERG, S. A. 2010. Cancer:principlesand 

practice of oncology-advances in oncology, Lippincott Williams & Wilkins. 

DI MARCO, A., CASSINELLI, G. & ARCAMONE, F. 1980. The discovery of daunorubicin. 

Cancer treatment reports, 65, 3-8. 

DUMITRESCU, R. & COT ARLA, I. 2005. Understanding breast cancer risk- where do we 

stand in 2005? Journal of cellular and molecular medicine, 9, 208-221. 

DUMITRESCU, R. G. & SHIELDS, P. G. 2005. The etiology of alcohol-induced breast cancer. 

Alcohol, 35, 213-225. 

DURMAZ, S. & OKAY, 0. 2000. Acrylamide/2-acrylamido-2-methylpropane sulfonic acid 

sodium salt-based hydrogels: synthesis and characterization. Polymer, 41, 3 693-3 704. 

DUSHKIN, H. & CRISTOFANILLI, M. 2011. Inflammatory breast cancer. Journal of the 

National Comprehensive Cancer Network, 9, 233-241. 

EALICK, S. E. 2000. Advances in multiple wavelength anomalous diffraction crystallography. 

Current opinion in chemical biology, 4, 495-499. 

EGA WA, K. 2004. Immuno-cell therapy of cancer in Japan. Anticancer research, 24, 3321-3326. 

EHEMAN, C.R., SHAW, K. M., RYERSON, A. B., MILLER, J. W., AJANI, U. A. & WHITE, 

M. C. 2009. The changing incidence of in situ and invasive ductal and lobular breast 

carcinomas: United States, 1999-2004. Cancer Epidemiology Biomarkers & Prevention, 

18, 1763-1769. 

165 



ELIASSEN, A.H., HANKINSON, S. E., ROSNER, B., HOLMES, M. D. & WILLETT, W. C. 

2010. Physical activity and risk of breast cancer among postmenopausal women. Archives 

of internal medicine, 170, 1758-1764. 

ELIASSEN, A.H., HENDRICKSON, S. J ., BRINTON, L.A., BURING, J.E., CAMPOS, H., 

DAI , Q., DORGAN, J. F., FRANKE, A. A. , GAO, Y.-T. & GOODMAN, M. T. 2012. 

Circulating carotenoids and risk of breast cancer: pooled analysis of eight prospective 

studies. Journal of the National Cancer Institute, 104, 1905-1916. 

ENTEZAMI, A. A. & MASSOUMI, B. 2006. Artificial muscles, biosensors and drug delivery 

systems based on conducting polymers: a review. Iranian Polymer Journal, 15, 13-30. 

ETHIRAJAN, A., SCHOELLER, K., MUSY ANOVYCH, A., ZIENER, U. & LAND FESTER, K. 

2008. Synthesis and optimization of gelatin nanoparticles using the miniemulsion process. 

Biomacromolecules, 9, 2383-2389 . 

FEARON, E. & BOMMER, G. 2008. Progressing from gene mutations to cancer. 

FEIL, H. , BAE, Y. H., FEIJEN, J. & KIM, S. W. 1992. Mutual influence of pH and temperature 

on the swelling of ionizable and thermosensitive hydrogels. Macromolecules, 25, 5528-

5530. 

FENTIMAN, I. S., FOURQUET, A. & HORTOBAGYI, G. N. 2006. Male breast cancer. The 

Lancet, 367, 595-604. 

FLETCHER, C. D. , UNNI, K. K. & MERTENS, F. 2002. Pathology and genetics of tumours of 

soft tissue and bone, Iarc. 

FLINDT, C., AL-ASSAF, S., PHILLIPS , G. & WILLIAMS, P. 2005. Studies on acacia exudate 

gums. Part V. Structural features of Acacia seyal. Food Hydrocolloids, 19, 687-701. 

166 



FORMICA, J. 1997. X-ray diffraction. Handbook of Instrumental Techniques for Analytical 

Chemistry , 340-343. 

FUCHS-T ARLOVSKY, V. 2013 . Role of antioxidants in cancer therapy. Nutrition, 29, 15-21. 

FUJIWARA, M. , GHAZIZADEH, M. & KAW AN AMI, 0. 2006. Potential role of the Slit/Robo 

signal pathway in angiogenesis. Vascular Medicine, 11, 69-74. 

FULZELE, S ., SATTURW AR, P. & DORLE, A. 2003. Study of the biodegradation and in vivo 

biocompatibility ofnovel biomaterials. European Journal of Pharmaceutical Sciences, 20, 

53-61. 

FUNDUEANU, G., CONST ANTIN, M. & ASCENZI , P. 2008. Preparation and characterization 

of pH-and temperature-sensitive pullulan microspheres for controlled release of drugs. 

Biomaterials, 29, 2767-2775 . 

GADDIS, J. 2004. Mary Magee Gullatte Janese Gaddis. A Cancer Source Book/or Nurses, 103 . 

GALAEV, I. Y. & MATTIASSON, B . 1999. 'Smart'polymers and what they could do in 

biotechnology and medicine. Trends in biotechnology, 17, 335-340. 

GANDHI , K. J. , DESHMANE, S. V. & BIY ANI, K. R. 2012. Polymers in pharmaceutical drug 

delivery system: a review. International Journal of Pharmaceutical Sciences Review and 

Research, 14, 10. 

GANGULY, A. , YANG, H. & CABRAL, F. 2010. Paclitaxel-dependent cell lines reveal a novel 

drug activity. Molecular cancer therapeutics, 9, 2914-2923. 

GANN, P. H. & MORROW, M . 2003. Combined hormone therapy and breast cancer : a single ­

edged sword. Jama, 289, 3304-3306. 

167 



GANT A, S. & AMIJI, M. 2009. Coadministration of paclitaxel and curcumin in nanoemulsion 

formulations to overcome multidrug resistance in tumor cells. Molecular pharmaceutics, 

6, 928-939. 

GAO, D., XU, H., PHILBERT, M.A. & KOPELMAN, R. 2007. Ultrafine hydrogel nanoparticles: 

synthetic approach and therapeutic application in living cells. Angewandte Chemie 

International Edition, 46, 2224-2227 . 

GAO, X., FISHER, S. G. & EMAMI, B. 2003. Risk of second primary cancer in the contralateral 

breast in women treated for early-stage breast cancer: a population-based study. 

International Journal of Radiation Oncology* Biology* Physics, 56, 1038-1045 . 

GEWIRTZ, D. 1999. A critical evaluation of the mechanisms ofaction proposed for the antitumor 

effects of the anthracycline antibiotics adriamycin and daunorubicin. Biochemical 

pharmacology, 57, 727-741. 

GIORDANO, S. H. , COHEN, D.S., BUZDAR, A. U. , PERKINS, G. & HORTOBAGYI, G. N. 

2004. Breast carcinoma in men. Cancer, 101, 51-57. 

GIRISH, C. , VIJAYALAKSHMI, P., MENTHAM, R., RAO, C. B. & NAMA, S. 2014. A 

REVIEW ON BREAST CANCER. Int J Pharm Bio Sc, 4, 47-54. 

GOLDSTEIN, J., NEWBURY, D., JOY, D ., LYMAN, E. & P CE, L. 2003. Scanning electron 

microscopy and X-ray microanalysis. Third Edition, Kluwer Academic/Plenum Publishers, 

New York Boston, Dordrecht, London, Moscow. 

GRAY, J., EVANS, N., TAYLOR, B., RIZZO, J. & WALKER, M. 2009. State of the evidence: 

the connection between breast cancer and the environment. International journal of 

occupational and environmental health, 15, 43 -78 . 

168 



GRECO, F. & VICENT, M. J. 2009 . Combination therapy: opportunities and challenges for 

polymer-drug conjugates as anticancer nanomedicines. Advanced drug delivery reviews, 

61, 1203-1213. 

GREENE, M. H. Genetics of breast cancer. Mayo Clinic Proceedings, 1997. Elsevier, 54-65 . 

GREENLEE, R. T. , HILL- HARMON, M. B., MURRAY, T . & THUN, M. 2001 . Cancer 

statistics, 

2001. CA : a cancer journal/or clinicians, 51, 15-36. 

GREF, R ., MINAMITAKE, Y ., PERACCHIA, M. T ., TRUBETSKOY, V., TORCHILIN, V. & 

LANGER, R. 1994. Biodegradable long-circulating polymeric nanospheres. Science, 263, 

1600-1603. 

GRIFFITHS, P. R. & DE HASETH, J. A. 2007. Fourier transform infrared spectrometry , John 

Wiley & Sons. 

GU, Z., YAN, M., HU, B., JOO, K.-1. , BISWAS, A., HUANG, Y ., LU, Y. , WANG, P. & TANG, 

Y. 2009. Protein nanocapsule weaved with enzymatically degradable polymeric network. 

Nano letters, 9, 4533-4538 . 

GUDEMAN, L. F. & PEPPAS, N. A. 1995. Preparation and characterization of pH- sensitive, 

interpenetrating networks of poly (vinyl alcohol) and poly (acrylic acid). Journal of applied 

polymer science, 55, 919-928 . 

GUNASEKARAN, S., KO , S. & XIAO, L. 2007. Use of whey proteins for encapsulation and 

controlled delivery applications. Journal of Food Engineering, 83, 31-40. 

GUPTA, M. & SHARMA, V. 2011 . Targeted drug delivery system: A Review. Research Journal 

of Chemical Sciences, 1, 134-138. 

169 



HA, M., MABUCHI, K., SIGURDSON, A. J., FREEDMAN, D. M., LINET, M. S., DOODY, M. 

M. & HAUPTMANN, M. 2007. Smoking cigarettes before first childbirth and risk of 

breast cancer. American journal of epidemiology, 166, 55-61. 

HABER, D. 2002. Prophylactic oophorectomy to reduce the risk of ovarian and breast cancer in 

carriers of BRCA mutations. New England Journal of Medicine, 346, 1660-1662. 

HAMAJIMA, N., HIROSE, K., TAJIMA, K ., ROHAN, T., CALLE, E., HEATH JR, C., 

COATES, R., LIFF, J., TALAMINI, R . & CHANTARAKUL, N . 2002. Collaborative 

Group on Hormonal Factors in Breast Cancer Alcohol, tobacco and breast cancer­

collaborative reanalysis of individual data from 53 epidemiological studies, including 

58,515 women with breast cancer and 95,067 women without the disease. Br J Cancer, 87, 

1234-1245. 

HARASYM, T. 0., T ARDI, P. G ., HARASYM, N. L., HARVIE, P., JOHNSTONE, S. A. & 

MA YER, L. D. 2006. Increased preclinical efficacy of irinotecan and floxuridine 

coencapsulated inside liposomes is associated with tumor delivery of synergistic drug 

ratios. Oncology Research Featuring Preclinical and Clinical Cancer Therapeutics, 16, 

361-374. 

HASSAN, E., AL-ASSAF, S., PHILLIPS, G. & WILLIAMS, P. 2005 . Studies on Acacia gums: 

Part III molecular weight characteristics of Acacia seyal var. seyal and Acacia seyal var 

fistula . Food hydrocolloids, 19, 669-677. 

HE, C., KIM, S. W. & LEE, D . S. 2008. In situ gelling stimuli-sensitive block copolymer hydrogels 

for drug delivery. Journal of controlled release, 127, 189-207. 

170 



HILDEBRAND, J . S., GAPSTUR, S. M., CAMPBELL, P. T., GAUDET, M. M . & PATEL, A. V. 

2013. Recreational physical activity and leisure-time sitting in relation to postmenopausal 

breast cancer risk. Cancer Epidemiology Biomarkers & Prevention, 22, 1906-1912. 

HIRSCHMAN, J ., WHITMAN, S. & ANSELL, D . 2007. The black: white disparity in breast 

cancer mortality: the example of Chicago. Cancer Causes & Control, 18, 323 -333 . 

HOSKINS, K. F., STOPFER, J.E., CALZONE, K. A., MERAJVER, S. D. , REBBECK, T. R ., 

GARBER, J.E. & WEBER, B. L. 1995 . Assessment and counseling for women with a 

family history of breast cancer: a guide for clinicians. Jama, 273, 577-585. 

HOSOY A, N. & MIYAGAWA, K. 2014. Targeting DNA damage response in cancer therapy. 

Cancer science, 105, 370-388. 

HUA, W.-F ., FU, Y.-S., LIAO, Y.-J ., XIA, W.-J. , CHEN, Y.-C., ZENG, Y.-X., KUNG, H.-F. & 

XIE, D. 2010. Curcumin induces down-regulation ofEZH2 expression through the MAPK 

pathway in MDA-MB-435 human breast cancer cells. European journal of pharmacology, 

637, 16-21. 

HUANG, Z., HANKINSON, S. E., COLDITZ, G. A., ST AMPFER, M. J. , HUNTER, D. J., 

MANSON, J.E., HENNEKENS, C.H., ROSNER, B ., SPEIZER, F. E. & WILLETT, W. 

C. 1997. Dual effects of weight and weight gain on breast cancer risk. Jam a, 278, 1407-

1411. 

HUYNH, D. P. , NGUYEN, M. K., PI, B. S., KIM, M. S., CHAE, S. Y., LEE, K. C., KIM, B. S. , 

KIM, S. W. & LEE, D . S. 2008. Functionalized injectable hydrogels for controlled insulin 

delivery. Biomaterials, 29, 2527-2534. 

171 



IM KIM, H., HUANG, H., CHEEPALA, S., HUANG, S. & CHUNG, J. 2008. Curcumin inhibition 

of integrin ( a6P4 )-dependent breast cancer cell motility and invasion. Cancer Prevention 

Research, l, 385-391 . 

ISLAM, A., PHILLIPS, G., SLJIVO, A. , SNOWDEN, M. & WILLIAMS, P. 1997. A review of 

recent developments on the regulatory, structural and functional aspects of gum arabic. 

Food Hydrocolloids, 11, 493-505. 

IT ANO, J. K. , BRANT, J., CONDE, F. & SARJA, M. 2015. Core curriculum/or oncology 

nursing, Elsevier Health Sciences. 

JAIN, K. K. 2008. Nanomedicine: application of nano biotechnology in medical practice. Medical 

principles and practice, 17, 89-101. 

JAIN, S., Y ADAV, S. & PATIL, U. 2008. Preparation and evaluation of sustained release matrix 

tablet of furosemide using natural polymers. Research journal of pharmacy and 

technology, 1, 374-376. 

JANTZEN, G. M. & ROBINSON, J. R. 1996. Sustained-and controlled-release drug delivery 

systems. Drugs and The Pharmaceutical Sciences, 72, 575-610. 

JAYAKUMAR, R. , NAIR, A., REJINOLD, N. S., MAYA, S. & NAIR, S. 2012. Doxorubicin­

loaded pH-responsive chitin nanogels for drug delivery to cancer cells. Carbohydrate 

Polymers, 87, 2352-2356. 

JIANG, N., WANG, X., YANG, Y . & DAI, W. 2006. Advances in mitotic inhibitors for cancer 

treatment. Mini reviews in medicinal chemistry, 6, 885-895. 

JORDAN, M. A. & WILSON, L. 2004. Microtubules as a target for anticancer drugs. Nature 

Reviews Cancer, 4, 253-265. 

172 



JUNG, S., SPIEGELMAN, D., BAGLIETTO, L., BERNSTEIN, L., BOGGS, D. A., VAN DEN 

BRANDT, P.A., BURING, J.E., CERHAN, J. R. , GAUDET, M . M. & GILES, G. G. 

2013. Fruit and vegetable intake and risk of breast cancer by hormone receptor status. 

Journal of the National Cancer Institute, djs635 . 

KAHOVEC, J. A., FOX, R. & HAT ADA, K. 2002. Nomenclature ofregular single-strand organic 

polymers (IUP AC Recommendations 2002). Pure and Applied Chemistry, 7 4, 1921-1956. 

KANG, H.J., LEE, S. H., PRICE, J.E. & KIM, L. S. 2009. Curcumin Suppresses the 

Paclitaxel- Induced Nuclear Factor- KB in Breast Cancer Cells and Potentiates the Growth 

Inhibitory 

Effect ofPaclitaxel in a Breast Cancer Nude Mice Model. The breast journal, 15, 223-229. 

KANG, J. G. & PARK, C.-Y. 2012. Anti-obesity drugs: a review about their effects and safety. 

Diabetes & metabolism journal, 36, 13-25. 

KANNAGI, R ., IZAWA, M., KOIKE, T ., MIYAZAKI, K. & KIMURA, N. 2004. Carbohydrate-

mediated cell adhesion in cancer metastasis and angiogenesis. Cancer science, 95, 377-

384. 

KARADAG, E. & SARA YD IN , D. 2002. Swelling of superabsorbent acrylamide/sodium acrylate 

hydrogels prepared using multifunctional crosslinkers. Turkish Journal of Chemistry, 26, 

863-876. 

KATO, N ., TAKIZAWA, Y. & TAKAHASHI, F . 1997. Magnetically driven chemomechanical 

device with poly (N-isopropylacrylamide) hydrogel containing y-Fe2O3 . Journal of 

intelligent material systems and structures, 8, 588-595. 

KATZEL, J. A., FANUCCHI, M . P. & LI, Z. 2009. Recent advances of novel targeted therapy in 

non-small cell lung cancer. Journal of hematology & oncology, 2, 1. 

173 



KATZUNG, B . G., MASTERS, S. B. & TREVOR, A. J.2011. Basic & clinical pharmacology, 

McGraw-Hill Medical New York. 

KA VlTHA, K. & BHALAMURUGAN, G. 2013. A review on PEG-ylationin anti-cancer drug 

delivery systems. Int J Pharm Biomed Sci, 4, 296-304. 

KAY AL, S. &RAMANUJAN, R. 2010. Doxorubicin loaded PVA coated iron oxide nanoparticles 

for targeted drug deli very. Materials Science and Engineering: C, 30, 484-490. 

KlDMAS, A., UGWU, B., MANASSEH, A., IYA, D. & OPALUWA, A. 2005. Male breast 

malignancy in Jos university teaching hospital. West African journal of medicine, 24, 36-

40. 

KIM, J., CONWAY, A. & CHAUHAN, A. 2008. Extended delivery of ophthalmic drugs by 

silicone hydrogel contact lenses. Biomaterials, 29, 2259-2269. 

KIYOMIYA, K.-I., MATSUO, S. & KUREBE, M. 1998. Proteasome is a carrier to translocate 

doxorubicin from cytoplasm into nucleus. Life sciences, 62, 1853-1860. 

KIYOMIY A, K.-1., MATSUO, S. & KUREBE, M.2001. Mechanism of specific nuclear transport 

of adriamycin the mode of nuclear translocation of adriamycin-proteasome complex. 

Cancer research, 61, 2467-24 71. 

KNOP, K. , HOOGENBOOM, R., FISCHER, D. & SCHUBERT, U.S. 2010. Poly (ethylene 

glycol) in drug delivery: pros and cons as well as potential alternatives. Angewandte 

Chemie International Edition, 49, 6288-6308. 

KO LESNICK, R. 2002. The therapeutic potential of modulating the ceramide/sphingomyelin 

pathway. The Journal of clinical investigation, 110, 3-8. 

KOST, J. & LANGER, R. 2012. Responsive polymeric delivery systems. Advanced drug delivery 

reviews, 64,327-341. 

174 



KUCKLING, D., HARMON, M . E. & FRANK, C. W. 2002. Photo -cross-linkable PNIPAAm 

copolymers. 1. Synthesis and characterization of constrained temperature -responsive 

hydrogel layers. Macromolecules, 35, 6377-6383 . 

KUMAR, K. S., BHOWMIK, D., SRIVASTAVA, S., PASWAN, S. & DUTTA, A. S. 2012. 

Sustained release drug delivery system potential. The pharma innovation, l. 

KUMAR, M., MISRA, A., BABBAR, A. , MISHRA, A., MISHRA, P. & PATHAK, K. 2008 . 

Intranasal nanoemulsion based brain targeting drug delivery system of risperidone. 

International journal of pharmaceutics, 358, 285-291 . 

KUMAR!, A. , Y ADAY, S. K. & Y ADAY, S. C. 2010. Biodegradable polymeric nanoparticles 

based drug delivery systems. Colloids and Surfaces B: Biointerfaces, 75, 1-1 8. 

KUNNUMAKKARA, A. B., ANAND, P. & AGGARWAL, B. B. 2008. Curcumin inhibits 

proliferation, invasion, angiogenesis and metastasis of different cancers through interaction 

with multiple cell signaling proteins. Cancer letters, 269, 199-225 . 

KURIAKOSE, M. A., HICKS JR, W. L. , LOREE, T. R. & YEE, H. 2001. Risk group-based 

management of differentiated thyroid carcinoma. Journal of the Royal College of Surgeons 

of Edinburgh, 46. 

KURKURI, M. D., NUSSIO , M. R., DESLANDES, A. & VOELCKER, N . H. 2008. 

Thermosensitive copolymer coatings with enhanced wettability switching. Langmuir, 24, 

4238-4244. 

KUTMALGE, M ., JADHAV, A., RATNAPARKHI , M. & CHAUDHARI, S. 2014. Sustained 

release drug delivery system. Terminology, l, 2. 

LA-BECK, N. M., ZAMBONI, B. A., GABIZON, A., SCHMEEDA, H., AMANTEA, M., 

GEHRIG, P. A. & ZAMBONI, W. C. 201 2. Factors affecting the pharmacokinetics of 

175 



pegylated liposomal doxorubicin in patients. Cancer chemotherapy and pharmacology, 69, 

43-50. 

LACHMAN, L., LIEBERMAN, H. A. & KANIG, J. L. 1986. The theory and practice of industrial 

pharmacy, Lea & Febiger. 

LACROIX, M. & LECLERCQ, G. 2005. The "portrait" of hereditary breast cancer. Breast cancer 

research and treatment, 89, 297-304. 

LAI, F., JIN, L., GALLAGHER, S., MIJATOV, B., ZHANG, X. D. & HERSEY, P. 2012. 2 

Histone Deacetylases (HDACs) as Mediators of Resistance to Apoptosis in Melanoma and 

as Targets for Combination Therapy with Selective BRAF Inhibitors. Advances in 

Pharmacology, 65, 27. 

LAKSHMI, R., RAJU ATHIRA, J., TEENA, M. & VIJAY ALAKSHMI 2012. Breast cancer risk 

factors: Preventable and non-preventable. International Research Journal of Pharmacy, 2, 

48-52. 

LAMOND, A. I. & EARNSHAW, W. C. 1998. Structure and function in the nucleus. Science, 

280, 547-553. 

LA WES, G. 1987. Scanning electron microscopy and X-ray microanalysis. 

LEE, B.-J., RYU, S.-G. & CUI, J.-H. 1999. Controll ed release of dual drug-loaded hydroxypropyl 

methylcellulose matrix tablet using drug-containing polymeric coatings. International 

journal of pharmaceutics, 188, 71-80. 

LEE, J., SUH, C., KANG, H., RYOO, B .-Y., HUH, J., KO, Y., EOM, H.-S., KIM, K., PARK, K. 

& KIM, W. 2008a. Phase I study of protea some inhibitor bortezomib plus CHOP in patients 

with advanced, aggressive I -cell or NK/T-cell lymphoma. Annals of Oncology, mdn431 . 

176 



LEE, J. S., BAE, J. W., JOUNG, Y. K., LEE, S. J., HAN, D. K. & PARK, K. D. 2008b. Controlled 

dual release of basic fibroblast growth factor and indomethacin from heparin-conjugated 

polymeric micelle. International journal of pharmaceutics, 346, 57-63. 

LEE, Y . T . N., CHAN, K. K. , HARRIS, P.A. & COHEN, J. L. 1980. Distribution of adriamycin 

in cancer patients. Tissue uptakes, plasma concentration after IV and hepatic IA 

administration. Cancer, 45, 2231-2239. 

LESZCZYNIECKA, M. , ROBERTS, T. , DENT, P. , GRANT, S. & FISHER, P. B. 2001. 

Differentiation therapy of human cancer: basic science and clinical applications. 

Pharmacology & therapeutics, 90, 105-156. 

LEUNER, C. & DRESSMAN, J. 2000. Improving drug solubility for oral delivery using solid 

dispersions. European journal of Pharmaceutics and Biopharmaceutics, 50, 47-60. 

LEVI, F. , RANDIMBISON, L. , TE, V. & LA VECCHIA, C. 2006. Cancer risk after radiotherapy 

for breast cancer. British journal of cancer, 95, 390-392 . 

LI, B., SMILGIES, D.-M., PRICE, A. D., HUBER, D . L., CLEM, P. G. & FAN, H . 2014. Poly 

(N-isopropylacrylamide) surfactant-functionalized responsive silver nanoparticles and 

superlattices. ACS nano, 8, 4799-4804. 

LI, C. I. , MALONE, K. E. , PORTER, P. L. , WEISS , N. S., TANG, M.-T. C., CUSHING­

HAUGEN, K. L. & DALING, J. R. 2003. Relationship between long durations and 

different regimens of hormone therapy and risk of breast cancer. Jama, 289, 3254-3263. 

LI, V. H., ROBINSON, J. , LEE, V. & HUI, H. 1987. Controlled drug delivery: fundamentals and 

applications. New York, 373-432. 

LIN, C.-C. & METTERS, A. T. 2006. Hydrogels in controlled release formulations : network 

design and mathematical modeling. Advanced drug delivery reviews, 58, 13 79-1408. 

177 



LIU, X., NOVOSAD, V. , ROZHKOVA, E. A., CHEN, H., YEFREMENKO, V., PEARSON, J., 

TORNO, M., BADER, S. D. & ROSENGART, A. J. 2007. Surface functionalized 

biocompatible magnetic nanospheres for cancer hyperthermia. IEEE transactions on 

magnetics, 43, 2462-2464. 

LIU, X. & YU, W. 2006. Evaluating the thermal stability of high performance fibers by TGA. 

Journal of applied polymer science, 99, 93 7-944. 

LIU, Y., VELADA, J. L. & HUGLIN, M. B. 1999. Thermoreversible swelling behaviour of 

hydrogels based on N-isopropylacrylamide with sodium acrylate and sodium methacrylate. 

Polymer, 40, 4299-4306. 

LOCONTE, N. K. , THOMAS, J. P., ALBERTI, D. , HEIDEMAN, J., BINGER, K. , MARNOCHA, 

R., UTECHT, K., GEIGER, P., EICKHOFF, J. & WILDING, G. 2008. A phase I 

pharmacodynamic trial of bortezomib in combination with doxorubicin in patients with 

advanced cancer. Cancer chemotherapy and pharmacology, 63, 109-115 . 

LOEFLER, I. 1997. Male breast cancer. British Journal of Surgery, 84, 1748-1748. 

LOEWY, A.G . & SIEKEVITZ, P. 1969. Cell structure and/unction, Holt, Rinehart and Winston. 

LONGHI, A., ERRANI, C. , DE PAOLIS, M., MERCURI, M. & BACCI, G. 2006. Primary bone 

osteosarcoma in the pediatric age: state of the art. Cancer treatment reviews, 32, 423-436. 

LOWMAN, A. M. & PEPPAS, N. A. 1999. Hydrogels. Encyclopedia of controlled drug delivery, 

1, 397-418. 

LUPITSKYY, R. , ROITER, Y., TSITSILIANIS, C. & MINKO, S. 2005. From smart polymer 

molecules to responsive nanostructured surfaces. Langmuir, 21, 8591-8593. 

LYSENG-WILLIAMSON, K. A. & FENTON, C. 2005. Docetaxel. Drugs, 65, 2513-2531. 

178 



MA, D ., TU, K. & ZHANG, L.-M. 2010. Bioactive supramolecular hydrogel with controlled dual 

drug release characteristics. Biomacromolecules, 11, 2204-2212. 

MAHAJAN, A. & AGGARWAL, G. 2011. Smart polymers: innovations in novel drug delivery. 

International Journal of Drug Development and Research. 

MAHESHWARI, R . K., SINGH, A. K., GADDIPATI, J. & SRIMAL, R . C. 2006. Multiple 

biological activities of curcumin: a short review. Life sciences, 78, 2081-2087 . 

MAITI, S., RANJIT, S. & SA, B. 2010. Polysaccharide-based graft copolymers in controlled drug 

delivery. Int J Pharm Tech Res, 2, 1350-1358. 

MALONE, K. E., DALING, J. R., THOMPSON, J. D., O'BRIEN, C. A., FRANCISCO, L. V. & 

OSTRANDER, E . A. 1998. BRCAl mutations and breast cancer in the general population: 

analyses in women before age 35 years and in women before age 45 years with first-degree 

family history. Jama, 279, 922-929. 

MANNA, U. & PATIL, S. 2009. Dual drug delivery microcapsules via layer-by-layer self­

assembly. Langmuir, 25, 10515-10522. 

MAN OCHA, B. & MARGARITIS, A. 2010. Controlled release of doxorubicin from 

doxorubicin/y-polyglutamic acid ionic complex. Journal ofNanomaterials, 2010, 12 . 

MARCUS, P. M., NEWMAN, B., MILLIKAN, R . C ., MOORMAN, P . G. , BAIRD, D. D. & 

QAQISH, B. 2000. The associations of adolescent cigarette smoking, alcoholic beverage 

consumption, environmental tobacco smoke, and ionizing radiation with subsequent breast 

cancer risk (United States) . Cancer Causes & Control, 11, 271-278. 

MARK, S. & TORCHILIN, V. P. 2011. Drug delivery systems. Access Science. McGraw-Hill 

Companies. 

MARTIN, E . & HINE, R. 2015 . A dictionary of biology, Oxford University Press, USA. 

179 



MA YER, L. D., HARASYM, T. 0., T ARDI, P. G., HARASYM, N. L. , SHEW, C. R., 

JOHNSTONE, S. A., RAMSAY, E. C., BALLY, M. B. & JANOFF, A. S. 2006. 

Ratiometric dosing of anticancer drug combinations: controlling drug ratios after systemic 

administration regulates therapeutic activity in tumor-bearing mice. Molecular cancer 

therapeutics, 5, 1854-1863 . 

MAYER, L. D. & JANOFF, A. S. 2007. Optimizing combination chemotherapy by controlling 

drug ratios. Molecular interventions, 7, 216. 

MCKEAN-COWDIN, R. , FEIGELSON, H. S., XIA, L. Y., PEARCE, C . L., THOMAS, D. C., 

STRAM, D. 0. & HENDERSON, B. E. 2005. BRCAl variants in a family study of 

African-American and Latina women. Human genetics, 116, 497-506. 

MCMULLAN, D. 1995 . Scanning electron microscopy 1928-1965. Scanning, 17, 175-185. 

MEADE, E. & DOWLING, M. 2012. Early breast cancer: diagnosis, treatment and survivorship. 

British Journal of Nursing. 

MERLIN, J. 1993 . Concepts of synergism and antagonism. Anticancer research, 14, 2315-2319. 

MINOTTI, G. , MENNA, P., SALVATORELLI, E., CAIRO, G. & GIANNI, L. 2004. 

Anthracyclines: molecular advances and pharmacologic developments in antitumor 

activity and cardiotoxicity. Pharmacological reviews, 56, 185-229. 

MODY, V. V. 2010. Introduction to polymeric drug delivery. Internet Journal of Medical Update, 

5, 1-2. 

MOK, H. , PARK, J. W. & PARK, T . G. 2008. Enhanced intracellular delivery of quantum dot and 

adenovirus nanoparticles triggered by acidic pH via surface charge reversal. Bioconjugate 

chemistry, 19, 797-801. 

180 



MULLER, R . H . & KECK, C. M. 2004. Challenges and solutions for the delivery ofbiotech drugs­

a review of drug nanocrystal technology and lipid nanoparticles. Journal of biotechnology, 

113, 151-170. 

NAKAMURA, K., MAIT ANI, Y., LOWMAN, A. M., TAKAYAMA, K. , PEPPAS, N . A. & 

NAGAI, T. 1999. Uptake and release of budesonide from mucoadhesive, pH-sensitive 

copolymers and their application to nasal delivery. Journal of controlled release, 61, 329-

335. 

NAKAYAMA, M ., OKANO, T., MIYAZAKI, T ., KOH ORI, F. , SAKAI, K. & YO KOY AMA, 

M. 2006. Molecular design of biodegradable polymeric micelles for temperature­

responsive drug release. Journal of Controlled Release, 115, 46-56 . 

NANDA, R. , SCHUMM, L. P. , CUMMINGS, S., FACKENTHAL, J. D., SVEEN, L. , 

ADEMUYIWA, F., COBLEIGH, M., ESSERMAN, L. , LINDOR, N . M. & 

NEUHAUSEN, S. L. 2005. Genetic testing in an ethnically diverse cohort of high-risk 

women: a comparative analysis ofBRCAl and BRCA2 mutations in American families of 

European and African ancestry. Jama, 294, 1925-1933 . 

NARASIMHAN, M . & AMMANAMANCHI, S. 2008. Curcumin Blocks RON Tyrosine Kinase­

Mediated Invasion of Breast Carcinoma Cells. Cancer research, 68, 5185-5 I 92. 

NELSON, H . D., ZAKHER, B., CANTOR, A. , FU, R ., GRIFFIN, J., O'MEARA, E. S. , BUIST, 

D. S., KERLIKOWSKE, K. , VAN RA VESTEYN, N . T . & TRENTHAM-DIETZ, A. 

2012. Risk factors for breast cancer for women aged 40 to 49 years: a systematic review 

and meta-analysis. Annals of internal medicine, 156, 635-648 . 

ELSON, H . S., LEUNG, D. Y. & BLOOM, J. W. 2003 . Update on glucocorticoid action and 

resi stance. Journal of allergy and Clinical Immunology, 111, 3-22. 

181 



NELSON, N . J. 2006. Migrant studies aid the search for factors linked to breast cancer risk. 

Journal of the National Cancer Institute, 98, 436-438 . 

NGUYEN , D . N. , RAGHA VAN, S. S., TASHIMA, L. M., LIN, E. C ., FREDETTE, S. J ., 

LANGER, R. S. & WANG, C. 2008. Enhancement of poly (orthoester) microspheres for 

DNA vaccine delivery by blending with poly ( ethylenimine ). Bio materials, 29, 27 83-2793. 

NOLKRANTZ, K., FARRE, C., BREDERLAU, A., KARLSSON, R. I. , BRENNAN, C., 

ERIKSSON, P. S., WEBER, S. G., SANDBERG, M . & ORWAR, 0 . 2001. 

Electroporation of single cells and ti ssues with an electrolyte-filled capillary . Analytical 

Chemistry, 73, 4469-4477 . 

NOWAK, D ., STEWART, D. & KOEFFLER, H.P. 2009. Differentiation therapy of leukemia: 3 

decades of development. Blood, 113, 3655-3665 . 

OGURA, M. 2001. [Adriamycin (doxorubicin)]. Gan to kagaku ryoho. Cancer & chemotherapy, 

28, 1331-1338. 

OHMINE, I. & TAN AKA, T . 1982. Salt effects on the phase transition of ionic gels. The Journal 

of Chemical Physics, 77, 5725-5 729. 

OKAY, 0 . 2000. Macroporous copolymer networks. Progress in poly mer science, 25 , 711-779. 

OKOBIA, M. & OSIME, U. 2001. Clinicopathological study of carcinoma of the breast in Benin 

City. African journal of reproductive health, 5, 56-62 . 

OMANATHANU, P. & PANCHAGNULA, R. 2001. Polymers in drug delivery . Current Opinion 

in chemical biology, 5, 44 7-451 . 

OYAMA, Y., MASUDA, T ., NAKATA, M., CHIKAHISA, L. , YAMAZAKI, Y., MIURA, K. & 

OKAGA WA, M. 1998. Protective actions of 5 '-n-alkylated curcumins on living cells 

suffering from oxidative stress. Europeanjournal of pharmacology, 360, 65-7 1. 

182 



OZE, I. , MATSUO, K. , WAKAI, K ., NAGATA, C. , MIZOUE, T. , TANAKA, K. , TSUJI, I., 

SASAZUKI, S., INOUE, M . & TSUGANE, S. 2011. Alcohol drinking and esophageal 

cancer risk: an evaluation based on a systematic review of epidemiologic evidence among 

the Japanese population. Japanese journal of clinical oncology, 41, 677-692. 

PAL, S. , BHATTACHARYYA, S. , CHOUDHURI, T. , DATTA, G. K. , DAS, T. & SA, G. 2005 . 

Amelioration of immune cell number depletion and potentiation of depressed 

detoxification system of tumor-bearing mice by curcumin. Cancer detection and 

prevention, 29, 470-478 . 

PAL, S., CHOUDHURI, T. , CHATTOPADHYAY, S., BHATTACHARYA, A. , DATTA, G. K. , 

DAS, T. & SA, G. 2001. Mechanisms of curcumin-induced apoptosis of Ehrlich's ascites 

carcinoma cells. Biochemical and biophysical research communications, 288, 658-665. 

PALMER, J. R. , WISE, L.A. , HATCH, E. E., TROISI, R. , TITUS-ERNSTOFF, L. , 

STROHSNITTER, W., KAUFMAN, R., HERBST, A. L. , NOLLER, K. L. & HYER, M. 

2006. Prenatal diethylstilbestrol exposure and risk of breast cancer. Cancer Epidemiology 

Biomarkers &Prevention, 15, 1509-1514. 

PALUCKA, K. & BANCHEREAU, J . 2013. Dendritic-cell-based therapeutic cancer vaccines. 

Immunity, 39, 38-48. 

PARK, H .-Y. , CHOI, C .-R. , KIM, J.-H. & KIM, W.-S. 1998a. Effect of pH on drug release from 

polysaccharide tablets. Drug Delivery, 5, 13-18. 

PARK, H.-Y. , SONG, 1.-H., KIM, J.-H. & KIM, W.-S . 1998b. Preparation of thermally denatured 

albumin gel and its pH-sensitive swelling. International journal of pharmaceutics, 175, 

23 1-236. 

183 



PARKIN, D. 2011. 1. The fraction of cancer attributable to lifestyle and environmental factors in 

the UK in 20 l 0. British Journal of Cancer, 105, S2-S5. 

PARKIN, D. M., BRAY, F., PERLA Y, J. & PISANI, P. 2005. Global cancer statistics, 2002. CA: 

a cancer journal/or clinicians, 55, 74-108. 

PATLAK, M. 2002. Targeting leukemia : from bench to bedside. The FASEBjournal, 16, 273e-

273e. 

PATNAIK, A. N., NAGARJUNA, T. & THULASIRAMARAJU, T. 2013 . Sustained release drug 

delivery system: a modern formulation approach. International Journal of Research in 

Pharmaceutical and Nano Sciences, 2, 586-601. 

PA WAR, H. , KARDE, M., MUNDLE, N., JADHAV, P. & MEHRA, K. 2014. Phytochemical 

evaluation and curcumin content determination of turmeric rhizomes collected from 

Bhandara District of Maharashtra (India). Med chem, 4, 588-591 . 

PELTIER, S., OGER, J.-M., LAGARCE, F., COUET, W. & BENOIT, J.-P. 2006. Enhanced oral 

paclitaxel bioavailability after administration of paclitaxel-loaded lipid nanocapsules. 

Pharmaceutical research, 23, 1243-1250. 

PE G, J., SENGUPTA, S. & JORDAN, V. C. 2009. Potential of selective estrogen receptor 

modulators as treatments and preventives of breast cancer. Anti-Cancer Agents in 

Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-Cancer Agents), 9, 

481-499. 

PEPPAS, N. A., HILT, J. Z., KHADEMHOSSEINI, A. & LANGER, R. 2006. Hydrogels in 

biology and medicine: from molecular principles to bionanotechnology. Advanced 

Materials, 18, 1345-1360. 

184 



PETERS, G., VAN DER WILT, C., VAN MOORSEL, C., KROEP, J., BERGMAN, A. & 

ACKLAND, S. 2000. Basis for effective combination cancer chemotherapy with 

antimetabolites. Pharmacology & therapeutics, 87, 227-253. 

PETROCCA, S., LA TORRE, M., COSENZA, G., BOCCHETTI, T., CAV ALLINI, M., DI 

STEFANO, D., SAMMARTINO, F. & ZIPARO, V. 2005. Male breast cancer: a case 

report and review of the literature. Chir Ital, 57, 365-71. 

PINTO, A. C., MOREIRA, J. N . & SIMOES, S. 2011. Combination chemotherapy in cancer: 

principles, evaluation and drug delivery strategies, INTECH Open Access Publisher. 

POLITE, B . N. & OLOP ADE, 0. I. 2005. Breast cancer and race: a rising tide does not lift all 

boats equally. Perspectives in biology and medicine, 48, 166-Sl 75. 

POMMIER, Y. 2006. Topoisomerase I inhibitors: camptothecins and beyond. Nature Reviews 

Cancer, 6, 789-802. 

POMMIER, Y ., LEO, E., ZHANG, H. & MARCHAND, C. 2010. DNA topoisomerases and their 

poisoning by anticancer and antibacterial drugs. Chemistry & biology, 17, 421-433. 

POPLI, H. & SHARMA, S. 1989. Trends in oral sustained release formulation-I. The Eastern 

Pharmacist, 32, 99-103. 

PRASAD, A., P ARUCHURI, V., PREET, A., LATIF, F. & GAN JU, R. K. 2008. Slit-2 induces a 

tumor-suppressive effect by regulating P-catenin in breast cancer cells. Journal of 

Biological Chemistry, 283, 26624-26633 . 

PRASAD, C. P., RATH, G. , MATHUR, S., BHATNAGAR, D. & RALHAN, R. 2009. Potent 

growth suppressive activity of curcumin in human breast cancer cells: Modulation of 

Wnt/P-catenin signaling. Chemico-biological interactions, 181, 263-271. 

185 



PRICE, D . M., HOURSTON, D. J . & DUMONT, F. 2000. Thermogravimetry of polymers. 

Encyclopedia of analytical chemistry. 

PRIME, R. B., BAIR, H . E. , VY AZOVKIN, S., GALLAGHER, P. K. & RIGA, A. 2009. 

Thermogravimetric analysis (TGA). Thermal analysis of polymers: Fundamentals and 

applications, 241-3 1 7. 

QIAO, X. , HU, F ., HOU, D. & LI, D . 2016. PEG assisted hydrothermal synthesis of hierarchical 

MoS 2 microspheres with excellent adsorption behavior. Materials Letters, 169, 241-245. 

QIU, L. Y . & BAE, Y . H. 2007 . Self-assembled polyethylenimine-graft-poly (£-caprolactone) 

micelles as potential dual carriers of genes and anticancer drugs . Biomaterials, 28, 413 2-

4142. 

QUILES, J. L. , OCHOA, J . J., HUERTAS, J . R. , LOPEZ-FRIAS , M . & MATAIX, J. 2006. Olive 

oil and mitochondrial oxidative stress: studies on adriamycin toxicity, physical exercise 

and ageing. Olive Oil and Health. Oxford: CAB/ Publishing , 119-51. 

RACHMA WATI, H. , EDITY ANINGRUM, C. A. & MAULUDIN, R. 2013. Molecular inclusion 

complex of curcumin-p-cyclodextrin nanoparticle to enhance curcumin skin permeability 

from hydrophilic matrix gel. Aaps Pharmscitech, 14, 1303-13 12. 

RAIZADA, A., BANDAR!, A. & KUMAR, B. 2010. Polymers in drug delivery: a review. 

International Journal of Pharmaceutical Research and Development, 2, 9-20. 

RALHAN, R. & KAUR, J. 2007 . Alkylating agents and cancer therapy. Expert Opinion on 

Therapeutic Patents, 1 7, 1061-107 5. 

RAMACHANDRAN, C. , FONSECA, H.B., JHABVALA, P ., ESCALON, E. A. & MELNICK, 

S. J. 2002 . Curcumin inhibits telomerase activity through human telomerase reverse 

transcritpase in MCF-7 breast cancer cell line. Cancer letters, 184, 1-6. 

186 



RAMACHANDRAN, C . & YOU, W . 1999. Differential sensitivity ofhuman mammary epithelial 

and breast carcinoma cell lines to curcumin. Breast cancer research and treatment, 54, 

269-278 . 

RAMSAY, E. C., SANTOS, N . D., DRAGOWSKA, W. H., LASKIN, J. J. & BALLY, M. B. 

2005 . The formulation oflipid-based nanotechnologies for the delivery of fixed dose 

anticancer drug combinations. Current drug delivery, 2, 341-351. 

RANI, K. & P ALIW AL, S. 2014. A review on targeted drug delivery: Its entire focus on advanced 

therapeutics and diagnostics. Sch. J. App. Med. Sci, 2, 328-331 . 

RAW AS-QALAJI, M. M., ESTELLE, F., SIMONS, R. & SIMONS, K. J. 2006. Fast­

disintegrating sublingual tablets: effect of epinephrine load on tablet characteristics . AAPS 

pharmscitech, 7, E72-E78. 

REEVES, G. K. , PIRIE, K. , BERAL, V., GREEN, J. , SPENCER, E. & BULL, D. 2007. Cancer 

incidence and mortality in relation to body mass index in the Million Women Study: cohort 

study . Bmj, 335, 1134. 

RETHINAVELSUBRAMANIAN, A. & SUGANYA, K. 2014. An investigation study on cancer 

and its preventions. International Journal f or Research in Applied Science & Engineering 

Technology (JJRASET) , 2, 332-337. 

RHEN, T. & CIDLOWSKI, J . A. 2005 . Antiinflammatory action of glucocorticoids-new 

mechanisms for old drugs. New England Journal of Medicine, 353, 1711-1 723. 

RICCERI , F. , FASANELLI, F ., GIRAUDO, M . T. , SIERI, S., TUMINO, R. , MATTIELLO, A. , 

VAGLIANO, L. , MASALA, G., QUIROS, J. R. & TRAVIER, N . 2015 . Risk of second 

primary malignancies in women with breast cancer: results from the European prospective 

187 



investigation into cancer and nutrition (EPIC). International Journal of Cancer, 13 7, 940-

948. 

RINGER, D. & SCHNIPPER, L. 2001. Principles of Cancer Biology. in: Lenhard RE, Osteen RT, 

Gansler T; eds. Clinical Oncology Atlanta: American Cancer Society, 21-35 . 

RITGER, P. L. & PEPPAS, N. A. 1987. A simple equation for description of solute release I. 

Fickian and non-Fickian release from non-swellable devices in the form of slabs, spheres, 

cylinders or discs. Journal of controlled release, 5, 23-36. 

ROOM, R. , BABOR, T . & REHM, J. 2005. Alcohol and public health. The lancet, 365, 519-5 30. 

ROSIAK, J.M. & YOSHII, F. 1999. Hydrogels and their medical applications. Nuclear 

Instruments and Methods in Physics Research Section B: Beam Interactions with Materials 

and Atoms, 151, 56-64. 

ROSSOUW, J. E., PRENTICE, R. L. , MANSON, J. E., WU, L. , BARAD, D., BARNABE!, V. 

M., KO, M., LACROIX, A. Z. , MARGOLIS, K. L. & STEFANICK, M. L. 2007. 

Postmenopausal hormone therapy and risk of cardiovascular di sease by age and years since 

menopause. Jama, 297, 1465-1477. 

RULLHUSEN, P ., ARTRU, X. & DHEZ, P . 1998. Novel Radiation Sources Using Relativistic 

Electrons: From Infrared to X-rays, World Scientific. 

SALMON, S. E. & SARTORELLI, A. 2001. Cancer chemotherapy. USA: Lange Medical 

Books/McGraw-Hill. 

SANO, D ., DAO, B., LANKOANDE, J. , TOURE, B ., SAKANDE, B ., TRAORE, S.S., 

WANDAOGO, A. , DAKOURE, R. & SANOU, A. 1997. [Male breast cancer in Africa, 

Apropos of 5 cases at the Ouagadougou University Teaching Hospital (Burkina Faso)] . 

Bulletin du cancer, 84, 175-177. 

188 



SANTEN, R . J. & MANSEL, R . 2005 . Benign breast disorders. New England Journal of Medicine, 

353, 275-285 . 

SARABIA, F., GARCIA-CASTRO, M. & SANCHEZ-RUIZ, A. 2006. Chemistry and biology of 

novel microtubule-destabilizing agents that bind a-tubulin. Current Bioactive Compounds, 

2, 269-299. 

SASCO, A. J. , KAAKS, R. & LITTLE, R. E. 2003. Breast cancer: occurrence, risk factors and 

hormone metabolism. Expert review of anticancer therapy, 3, 546-562. 

SA WYER, L. , GRUBB, D . & MEYERS , G. F . 2008. Polymer microscopy, Springer Science & 

Business Media. 

SCAPIN, G. 2006. Structural biology and drug discovery. Current pharmaceutical design, 12, 

2087-2097 . 

SCHMALJOHANN, D. 2006. Thermo-and pH-responsive polymers in drug delivery. Advanced 

drug delivery reviews, 58, 1655-1670. 

SCHNITT, S. & CONNOLLY, J. 2004. Pathology of benign breast disorders. Diseases of the 

Breast. 3rd ed. Philadelphia: Lippincott Williams and Wilkins , 1265-96. 

SCOTT, A. M ., WOLCHOK, J. D . & OLD, L. J. 2012. Antibody therapy of cancer. Nature 

Reviews Cancer, 12, 278-287. 

SELL, S. 2004. Stem cell origin of cancer and differentiation therapy. Critical reviews in 

oncology/hematology, 51, 1-28 . 

SEMMLER- BEHNKE, M., KREYLING, W. G. , LIPKA, J., FERTSCH, S., WENK, A., 

TAKENAKA, S., SCHMID, G. & BRANDAU, W. 2008. Biodistribution of 1.4- and 

18- nm Gold Particles in Rats. Small, 4, 2108-2111 . 

189 



SEN, G. S., MOHANTY, S., HOSSAIN, D . M. S., BHATTACHARYYA, S., BANERJEE, S. , 

CHAKRABORTY, J., SAHA, S. , RAY, P., BHATTACHARJEE, P. & MANDAL, D. 

2011. Curcumin enhances the efficacy of chemotherapy by tailoring p65NFKB-p300 cross­

talk in favor of p53-p300 in breast cancer. Journal of Biological Chemistry, 286, 42232-

42247. 

SETTLE, F. A. 1997. Handbook of instrumental techniques for analy tical chemistry, Prentice Hall 

PTR. 

SEYFRIED, T. N. & SHELTON, L. M. 2010. Cancer as a metabolic disease. Nutrition & 

metabolism, 7, 7. 

SHAH, N. M., POOL, M. D. & METTERS, A. T. 2006. Influence of network structure on the 

degradation of photo-cross-linked PLA-b-PEG-b-PLA hydrogels. Biomacromolecules, 7, 

3171-3177. 

SHAH SUMIT, M. 2013. Formulation and Characterization ofDoxorubicin hydrochloride 

liposomes by double emulsion method. Int. Res. J. Pharm, 4, 197-201. 

SHAIKH, J., ANKOLA, D. , BENIWAL, V., SINGH, D. & KUMAR, M. R. 2009 . Nanoparticle 

encapsulation improves oral bioavailability of curcumin by at least 9-fold when compared 

to curcumin administered with piperine as absorption enhancer. European Journal of 

Pharmaceutical Sciences, 37, 223-230. 

SHANTHA KUMAR, T ., SOPPIMATH, K. & NACHAEGARI, S. 2006. Novel delivery 

technologies for protein and peptide therapeutics. Current pharmaceutical biotechnology, 

7, 261-276 . 

SHARAN, S. K., MORIMATSU, M. , ALBRECHT, U., LIM, D.-S. , REGEL, E. , DINH, C., 

SANDS, A., EICHELE, G., HASTY, P. & BRADLEY, A. 1997. Embryonic lethality and 

190 



radiation hypersensitivity mediated by Rad5 l in mice lacking Brca2. Nature, 386, 804-

810. 

SHARMA, K. , SINGH, V. & ARORA, A. 2011. Natural biodegradable polymers as matrices in 

transdermal drug delivery. International Journal of drug development and research . 

SHARMA, R. , GESCHER, A. & STEWARD, W. 2005. Curcumin: the story so far. European 

journal of cancer, 41, 1955-1968. 

SHE, W. , LUO, K. , ZHANG, C., WANG, G., GENG, Y., LI, L. , HE, B. & GU, Z. 2013. The 

potential of self-assembled, pH-responsive nanoparticles of mPEGylated peptide dendron­

doxorubicin conjugates for cancer therapy. Biomaterials, 34, 1613-1623 . 

SHI, Q. & JACKOWSKI, G. 1998. One-dimensional polyacrylamide gel electrophoresis. Gel 

electrophoresis of proteins: A practical approach, 3rd ed. Oxford University Press, 

Oxford, 1-52. 

SIDDIG, N ., OSMAN, M ., AL-ASSAF, S., PHILLIPS, G. & WILLIAMS, P. 2005 . Studies on 

acacia exudate gums, part IV. Distribution of molecular components in Acacia seyal in 

relation to Acacia senegal. Food hydrocolloids, 19, 679-686 . 

SIEGEL, R. L. , MILLER, K. D. &JEMAL, A. 2015 . Cancer statistics, 2015 . CA : a cancer journal 

for clinicians, 65, 5-29. 

SILVERSTEIN, R. M. , WEBSTER, F. X. , KIEMLE, D . J. & BRYCE, D. L. 2014. Spectrometric 

identification of organic compounds, John Wiley & Sons. 

SINGH, S. , PANDEY, V. K., TEWARI, R. P. & AGARWAL, V. 2011. Nanoparticle based drug 

delivery system: advantages and applications. Indian Journal of Science and Technology, 

4,177-180 . 

191 



SINN, H.-P . & KREIPE, H. 2013 . A brief overview of the WHO classification of breast tumors . 

Breast Care, 8, 149-154. 

SKOURI, R ., SCHOSSELER, F ., MUNCH, J. & CANDAU, S. 1995 . Swelling and elastic 

properties of polyelectrolyte gels. Macromolecules, 28, 197-210. 

SLOCZYNSKA, K. , POWROZNIK, B., P~KALA, E. & WASZKIELEWICZ, A. M. 2014. 

Antimutagenic compounds and their possible mechanisms of action . Journal of applied 

genetics, 55, 273-285 . 

SMITH, H. 0., KAMMERER- DOAK, D . N ., BARBO, D. M. & SARTO, G. E. 1996. Hormone 

replacement therapy in the menopause: a pro opinion. CA: a cancer journal fo r clinicians, 

46, 343-363 . 

SMITH, L. , WATSON, M. B., O'KANE, S. L., DREW, P. J ., LIND, M . J. & CAWKWELL, L. 

2006. The analysis of doxorubicin resistance in human breast cancer cells using antibody 

microarrays. Molecular cancer therapeutics, 5, 2115-2120. 

SOLIMINI, A.G., LOMBARDI, A. M ., PALAZZO, C. & DE GIUSTI, M. 2016. Meat intake and 

non-Hodgkin lymphoma: a meta-analysis of observational studies. Cancer Causes & 

Control, 27, 595-606. 

SOMERS- EDGAR, T . J., SCANDL YN, M. J. , STUART, E. C., LE NEDELEC, M . J., 

VALENTINE, S. P. & ROSENGREN, R. J. 2008 . The combination of epigallocatechin 

gallate and curcumin suppresses ERa- breast cancer cell growth in vitro and in vivo. 

International Journal of Cancer, 122, 1966-1971 . 

SONG, X. , ZHAO, Y., HOU, S., XU, F ., ZHAO, R., HE, J ., CAI, Z., LI, Y. & CHEN, Q. 2008. 

Dual agents loaded PLGA nanoparticles: systematic study of particle size and drug 

192 



entrapment efficiency. European journal of pharmaceutics and biopharmaceutics, 69, 445-

453 . 

SOUNG, Y. H. & CHUNG, J. 20 11. Curcumin inhibition of the functiona l interaction between 

integrin a6P4 and the epidermal growth factor receptor. Molecular cancer therapeutics, 

10, 883-891. 

SPARREBOOM, A., NOOTER, K. & VERWEIJ, J . 2002. Mechanisms of action of cancer 

chemotherapeutic agents: antitumour antibiotics. The Cancer Handbook. 

SPETH, P., VAN HOESEL, Q. & HAANEN, C. 1988. Clinical pharmacokinetics of doxorubicin. 

Clinical pharmacokinetics, 15, 15-31. 

ST AKER, B. L., FEESE, M. D., CUSHMAN, M., POMMIER, Y., ZEMBOWER, D., STEW ART, 

L. & BURGIN, A. B. 2005. Structures of three classes of anticancer agents bound to the 

human topoisomerase I-DNA covalent complex. Journal of medicinal chemistry, 48, 2336-

2345. 

STRALEY, K. S. & HEILSHORN, S. C. 2009. Dynamic, 3D- Pattern Formation Within 

Enzyme- Responsive Hydrogels. Advanced Materials, 21, 4148-4152. 

STUART, M.A. C., HUCK, W. T., GENZER, J., MULLER, M., OBER, C., STAMM, M ., 

SUKHORUKOV, G. B., SZLEIFER, I., TSUKRUK, V. V. & URBAN, M. 2010. 

Emerging applications of stimuli-responsive polymer materials. Nature materials, 9, 101-

113. 

SUGIMOTO, K., HANAI, H., TOZAWA, K. , AOSHI, T. , UCHIJIMA, M., NAGATA, T. & 

KOIDE, Y. 2002 . Curcumin prevents and ameliorates trinitrobenzene sulfonic acid­

induced colitis in mice. Gastroenterology, 123, 1912-1922. 

193 



TA, H . T ., DASS, C . R. & DUNSTAN, D. E. 2008 . Injectable chitosan hydrogels for localised 

cancer therapy. Journal of Controlled Release, 126, 205-216. 

TABATABAEI MIRAKABAD, F. S., AKBARZADEH, A., MILANI, M., ZARGHAMI, N ., 

TAHERI-ANGANEH, M., ZEIGHAMIAN, V., BADRZADEH, F. & RAHMATI-

y AM CHI, M. 2016. A Comparison between the cytotoxic effects of pure curcumin and 

curcumin-loaded PLGA-PEG nanoparticles on the MCF-7 human breast cancer cell line. 

Artificial cells, nanomedicine, and biotechnology, 44, 423-430. 

TAK.IMOTO, C. H. & CAL VO, E. 2008. Principles of oncologic pharmacotherapy. Cancer 

management: a multidisciplinary approach, 11. 

TAMILVANAN, S., VENKATESHAN, N. & LUDWIG, A. 2008. The potential of lipid-and 

polymer-based drug delivery carriers for eradicating biofilm consortia on device-related 

nosocomial infections. Journal of Controlled Release, 128, 2-22. 

TAN AKA, T . 1981. Gels. Scientific American, 244, 124. 

TANG, Y. & SINGH, J. 2008. Controlled delivery of aspirin: effect of aspirin on polymer 

degradation and in vitro release from PLGA based phase sensitive systems. International 

journal of pharmaceutics, 357, 119-125. 

TEICHER, B. A. 2008 . Next generation topoisomerase I inhibitors: Rationale and biomarker 

strategies. Biochemical pharmacology, 75, 1262-1271. 

TEW, K., COLVIN, M. & CHABNER, B. 1996. Alkylating agents. Cancer Chemotherapy and 

Biotherapy: Principles and Practice. 2nd ed. Philadelphia, Pa: Lippincott-Raven, 297-

332. 

TEWEY, K ., ROWE, T., YANG, L. , HALLIGAN, B. & LIU, L.-F. 1984. Adriamycin-induced 

DNA damage mediated by mammalian DNA topoi somerase II . Science, 226, 466-468. 

194 



THAKUR, A., WANCHOO, R. & SINGH, P. 2012. Hydrogels of poly (acrylamide-co-acrylic 

acid): in-vitro study on release of gentamicin sulfate. Chemical and Biochemical 

Engineering Quarterly, 25, 4 71-482. 

TIWARI, P., PANTHARI, P ., KATARE, D. P. & KHARKWAL, H. 2014. Natural polymers in 

drug delivery. Int J Pharm Pharm Sci, 3, 1395-1409. 

TORCHILIN, V. P. & TRUBETSKOY, V. S. 1995 . Which polymers can make nanoparticulate 

drug carriers long-circulating? Advanced drug delivery reviews, 16, 141-155. 

TRAN, T ., DA VILA, J. A. & EL-SERAG, H. B . 2005. The epidemiology of malignant 

gastrointestinal stromal tumors: an analysis of 1,458 cases from 1992 to 2000. The 

American journal of gastroenterology, 100, 162-168. 

TRENTHAM-DIETZ, A., NEWCOMB, P . A. , NICHOLS, H.B. & HAMPTON, J. M . 2007. 

Breast cancer risk factors and second primary malignancies among women with breast 

cancer. Breast cancer research and treatment, 105, 195-207. 

TSANIRAS, S. C., KANELLAKIS, N ., SYMEONIDOU, I., NIKOLOPOULOU, P., L YGEROU, 

Z. & TARA VlRAS, S. Licensing of DNA replication, cancer, pluripotency and 

differentiation: an interlinked world? Seminars in cell & developmental biology, 2014. 

Elsevier, 174-180. 

TSUBURA, A. , UEHARA, N., KlYOZUKA, Y . & SHIKATA, N. 2005. Dietary factors 

modifying breast cancer risk and relation to time of intake. Journal of mammary gland 

biology and neoplasia, 10, 87-100. 

UHLMANN, P., HOUBENOV, N., MINKO, S. & STAMM, M. 2005. Surface functionalization 

by smart binarypolymer brushes to tune physico-chemical characteristics at biointerfaces. 

e-Polymers, 5, 794-803. 

195 



ULBRIGHT, T . M. 2005 . Germ cell tumors of the gonads : a selective review emphasizing 

problems in differential diagnosis, newly appreciated, and controversial issues. Modern 

Pathology, 18, S61-S79 . 

URRY, L.A., CAIN, M. L. , WASSERMAN, S. A. , MINORSKY, P. V. & REECE, J. B. 2016. 

Campbell biology, Pearson. 

VAJPA YEE, M . 2014. The Cell Cycle and Cell Divi sion. Manual of Cytogenetics in Reproductive 

Biology, 28. 

VALERI, A. , FOURNIER, G. , MORIN, V. , MORIN, J. F., DRELON, E ., MANGIN, P. , 

TEILLAC, P. , BERTHON, P. & CUSSENOT, 0. 2000. Early onset and familial 

predisposition to prostate cancer significantly enhance the probability for breast cancer in 

first degree relatives. International journal of cancer, 86, 883-887. 

VAN DEN BRANDT, P.A. , SPIEGELMAN, D. , YAUN , S.-S., ADAMI, H.-O. , BEESON, L. , 

FOLSOM, A. R. , FRASER, G., GOLDBOHM, R. A., GRAHAM, S. & KUSHI, L. 2000. 

Pooled analysis of prospective cohort studies on height, weight, and breast cancer ri sk. 

American journal of epidemiology, 152, 514-527. 

V ARAPRASAD, K. , MOHAN, Y . M. , RA VINDRA, S., REDDY, N . N. , VIMALA, K. , 

MONIKA, K., SREEDHAR, B . & RAJU, K. M. 2010. Hydrogel-silver nanoparti cle 

composites: A new generation of antimicrobials. Journal of Applied Polymer Science, 115, 

1199-1207. 

V ARAPRASAD, K. , VIMALA, K., RAVINDRA, S., REDDY, N . N . & RAJU, K. M . 2011. 

Development of sodium carboxymethyl cellulose-based poly (acrylamide-co-2acrylamido-

2-methyl-l-propane sulfonic acid) hydro gel s for in vitro drug release studies of ranitidine 

196 



hydrochloride an anti-ulcer drug. Polymer-Plastics Technology and Engineering, 50, 1199-

1207. 

V ARRICCHIO, C. G. 2004. A cancer source book for nurses. 229. 

VASCONCELOS, T., SARMENTO, B . & COSTA, P. 2007. Solid dispersions as strategy to 

improve oral bioavailability of poor water soluble drugs. Drug discovery today, 12, 1068-

1075. 

VEGGEBERG, S. 2002. Fighting cancer with angiogenesis inhibitors : clinical trials suggest silver 

bullet may be losing its luster .(Lab Consumer). The Scientist, 16, 41-43 . 

VERBEKEN, D ., DIERCKX, S. & DEWETTINCK, K. 2003. Exudate gums: occurrence, 

production, and applications. Applied Microbiology and Biotechnology, 63, 10-21. 

VERMA, P., THAKUR, A., DESHMUKH, K. , JHA, A. & VERMA, S. 2010. Routes of drug 

administration. International Journal of Pharmaceutical Studies and Research, 1, 54-59 . 

VERVILLE, K. & BOZZONE, D. M . 2009. Testicular cancer, Infobase Publishing. 

VIAL, T . & DESCOTES, J. 2003. Immunosuppressive drugs and cancer. Toxicology, 185, 229-

240. 

VOLKOVA, M. & RUSSELL, R. 2011 . Anthracycline cardiotoxicity: prevalence, pathogenesis 

and treatment. Current cardiology reviews, 7, 214-220. 

VY AS, S. P. & KHAR, R. K. 2004. Targeted & controlled drug delivery: Novel carrier systems, 

CBS publishers & di stributors. 

WANG, J . D. & LEVIN, P. A. 2009 . Metabolism, cell growth and the bacterial cell cycle. Nature 

Reviews Microbiology, 7, 822-827 . 

WANG, N. X. & VON RECUM, H . A. 2011. Affinity- Based Drug Delivery. Macromolecular 

bioscience, 11, 321-332 . 

197 



WANG, T., TURHAN, M. & GUNASEKARAN, S. 2004. Selected properties of pH- sensitive, 

biodegradable chitosan-poly (vinyl alcohol) hydrogel. Polymer International, 53, 911-918. 

WANG, Y .-C. , LIU, X.-Q ., SUN, T .-M., XIONG, M.-H. & WANG, J. 2008. Functionalized 

micelles from block copolymer of polyphosphoester and poly (E-caprolactone) for 

receptor-mediated drug delivery. Journal of Controlled Release, 128, 32-40. 

W ANI, M. S. 2008. Controlled Release System-A Review. Pharmaceutical Reviews, 6, 41-46 . 

WAT AN ABE, M. , KAW ANO, K., TOMA, K., HATTORI, Y. & MAITANI, Y. 2008. In vivo 

antitumor activity of camptothecin incorporated in liposomes formulated with an artificial 

lipid and human serum albumin . Journal of Controlled Release, 127, 231-23 8. 

WEI, H. , CHENG, S.-X. , ZHANG, X.-Z. & ZHUO, R.-X. 2009a. Thermo-sensitive polymeric 

micelles based on poly (N-i sopropylacrylamide) as drug carriers. Progress in Polymer 

Science, 34, 893-910. 

WEI, L., CAI, C ., LIN, J . & CHEN, T. 2009b. Dual-drug delivery system based on 

hydrogel/micelle composites. Biomaterials, 30, 2606-2613. 

WEINBERG, R. 2013. Th e biology of cancer, Garland science. 

WEISS, J . R. , MOYSICH, K. B. & SWEDE, H. 2005. Epidemiology of male breast cancer. Cancer 

Epidemiology Biomarkers & Prevention, 14, 20-26 . 

WEN, S. & STEVENSON, W. 1993 . Synthetic pH sensitive polyampholyte hydrogel s: a 

preliminary study. Colloid and Polymer Science, 271, 38-49. 

WEYANDT, J., ELLSWORTH, R. E., HOOKE, J. A. , SHRIVER, C . D. & ELLSWORTH, D. L. 

2008. Environmental chemicals and breast cancer risk-a structural chemistry perspective. 

Current medicinal chemistry, 15, 2680-2701. 

198 



WILLARD JR, H . 1974. LL Merritt and JA Dean, Raman Spectroscopy. Instrumental Method of 

Analysis, 5. 

WILLIAMS, P.A. & PHILLIPS, G. 2009. Gum arabic, Woodhead Publishing Ltd. 

WU, J., SU, Z.-G. & MA, G.-H. 2006. A thermo-and pH-sensitive hydrogel composed of 

quaternized chitosan/glycerophosphate. International Journal of Pharmaceutics, 315, 1-

11. 

WU, Y. , ZHANG, D. & KANG, S. 2013. Physical activity and risk of breast cancer: a meta­

analysis of prospective studies. Breast cancer research and treatment, 13 7, 869-882. 

XIA, W., CHANG, J. , LIN, J. & ZHU, J . 2008. The pH-controlled dual-drug release from 

mesoporous bioactive glass/polypeptide graft copolymer nanomicelle composites. 

European journal of pharmaceutics and biopharmaceutics, 69, 546-552. 

XUE, F. , WILLETT, W. C. , ROSNER, B. A., HANKINSON, S. E. & MICHELS, K. B. 2011. 

Cigarette smoking and the incidence of breast cancer. Archives of internal medicine, 171, 

125-133 . 

Y ALLAPU, M. M., JAGGI, M. & CHAUHAN, S. C. 2010. P-Cyclodextrin-curcumin self­

assembly enhances curcumin delivery in prostate cancer cells. Colloids and surfaces B: 

Biointerfaces, 79, 113-125. 

YAMATO, M. , KONNO, C., UTSUMI, M., KIKUCHI, A. & OKANO, T. 2002. Thermally 

responsive polymer-grafted surfaces facilitate patterned cell seeding and co-culture. 

Biomaterials, 23, 561-567 . 

YANG, J. , CAO, Y., SUN, J . & ZHANG , Y. 2010. Curcumin reduces the expression ofBcl-2 by 

upregulating miR-15a and miR-16 in MCF-7 cells. Medical Oncology, 27, 1114-1118. 

199 



YANG, Y . S., SU, Y . F., YANG, H. W., LEE, Y. H ., CHOU, J. I. & UENG, K. C . 2014. Lipid­

Lowering Effects of Curcumin in Patients with Metabolic Syndrome: A Randomized, 

Double- Blind, Placebo- Controlled Trial. Phytotherapy research, 28, 1770-1777. 

YAO, K. D., PENG, T., GOOSEN, M ., MIN, J. M. & HE, Y . Y. 1993. pH- sensitivity of 

hydrogels based on complex forming chitosan: Polyether interpenetrating polymer 

network. Journal of Applied Polymer Science, 48, 343-354. 

YARBRO, C., FROGGE, M. & GOODMAN, M. 2005. Cancer Nursing. 6th. Sudbury: Jones and 

Bartlett Publisher. 

YOON, M. J ., KIM, E. H ., LIM, J. H ., KWON, T . K. & CHOI, K. S. 2010. Superoxide anion and 

proteasomal dysfunction contribute to curcumin-induced paraptosis of malignant breast 

cancer cells. Free Radical Biology and Medicine, 48, 713-726. 

ZEIGHAMIAN, V. , DARABI, M. , AKBARZADEH, A. , RAHMATI-Y AMCHI, M ., 

ZARGHAMI, N ., BADRZADEH, F. , SALEHI, R., TABATABAEI MIRAKABAD, F. S. 

& TAHERI-ANGANEH, M. 2016. PNIPAAm-MAA nanoparticles as delivery vehicles 

for curcumin against MCF-7 breast cancer cells. Artificial cells, nanomedicine, and 

biotechnology, 44, 735-742 . 

ZHANG, X.-Z., YANG, Y.-Y., CHUNG, T.-S . & MA, K.-X. 2001. Preparation and 

characterization of fast response macroporous poly (N-isopropylacrylamide) hydrogels. 

Langmuir, 17, 6094-6099. 

ZHANG, Y ., YANG, C., WANG, W ., LIU, J., LIU, Q., HUANG, F., CHU, L. , GAO, H ., LI , C. 

& KONG , D. 2016 . Co-delivery of doxorubicin and curcumin by pH-sensitive prodrug 

nanoparticle for combination therapy of cancer. Scientific reports, 6, 21225. 

200 



ZHAO, X ., WU, J., MUTHUSAMY, N ., BYRD, J. C. & LEE, R. J. 2008. Liposomal 

coencapsulated fludarabine and mitoxantrone for lymphoproliferative disorder treatment. 

Journal of pharmaceutical sciences, 97, 1508-1518. 

ZHAO, Y .-L. & STODDART, J. F. 2009. Azobenzene-Based Light-Responsive Hydrogel 

Systemt . Langmuir, 25, 8442-8446. 

ZHONG, Y .-J., SHAO, L.-H. & LI, Y. 2013. Cathepsin B-cleavable doxorubicin prodrugs for 

targeted cancer therapy (Review). International journal of oncology, 42, 373-383. 

ZHUKOV, N. & TJULANDIN, S. 2008. Targeted therapy in the treatment of solid tumors: 

practice contradicts theory . Biochemistry (Moscow), 73, 605-618 . 

ZOLi, W., RICOTTI, L. , TESEI , A. , BARZANTI, F. & AMADORl, D. 2001. In vitro preclinical 

models for a rational design of chemotherapy combinations in human tumors. Critical 

reviews in oncology/hematology, 37, 69-82. 

ZONG, H., WANG, F., FAN, Q.-X. & WANG, L.-X. 2012 . Curcumin inhibits metastatic 

progression of breast cancer cell through suppression of urokinase-type plasminogen 

activator by NF-kappa B signaling pathways. Molecular biology reports, 39, 4803-4808. 

201 



APPENDICES 

Figure 1: PEG - based hydrogel in buffer solution at ambient temperature: left (before swelling) 

and right (after swelling). 
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Figure 2: Minimum inhibitory (/C50) curve of various test groups at 24 hours 
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Figure 3: Minimum inhibitory (JC50) curve of various test groups at 48 hours 
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Figure 4: Minimum inhibitory (JC50) curve of various test groups at 72 hours 
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