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ABSTRACT 

 Consumption of green tea has been associated with many different health 

benefits; from weight loss to heart disease and different types of cancer.  The 

chemopreventive actions exerted by green tea are thought to be due to its major 

polyphenol, (-)-Epigallocatechin-3-gallate (EGCG).  Studies in human cancer cell lines 

and some animal models have demonstrated that EGCG can have chemopreventive 

activities without affecting their normal healthy cell counterpart.    

EGCG has a relative low bioavailability and stability, and studies have shown that 

the concentrations humans are able to absorb are five to fifty times less than the 

concentrations which seem to be responsible for the chemopreventive actions in past 

studies.  Nanotechnology offers the means by which the bioavailability of EGCG can be 

improved to a level at which it can be useful in the fight against different diseases, 

including breast cancer.   

Breast cancer is considered to be the second most common type of cancer among 

women in the United States, accounting for more than one in four cancers in women 

(about 28%).  Although current treatments for breast cancer have improved over the past 

several years, the side effects which accompany current cancer treatments (such as 

system toxicity stemming from chemotherapy) are still devastating, even potentially life 

threatening, to the patient.  This study studied different nanoparticles and demonstrated 

that chitosan-coated nanoliposome at a dose of 10µM has a significant effect on 

decreasing proliferation and some apoptotic effect on MCF 7 breast cancer cells.     
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CHAPTER I 

INTRODUCTION 

 Breast cancer is considered the second most common type of cancer among 

women in the United States. Second only to cancer of the skin, it accounts for one out of 

every four cancer cases diagnosed in the United States.  The American Cancer 

Association expected about 207,090 new cases of invasive breast cancer and about 

54,010 new cases of carcinoma in situ to be diagnosed in women in 2010 ("Breast Cancer 

Facts and Figures 2009-2010," 2010).  Although current treatments for breast cancer have 

improved over the past several years, the side effects accompanying these treatments 

(such as system toxicity stemming from chemotherapy) can be devastating, even 

potentially life threatening, to the patient. 

Recent studies have shown that (-)-Epigallocatechin-3-Gallate (EGCG), a 

polyphenol found in green tea, contains potent antioxidant and chemopreventive 

activities that are effective against many different types of cancer, including breast 

cancer.  The chemopreventive effects of this polyphenol are attributed to EGCG’s ability 

to modulate different steps of the intracellular signaling network that is responsible for 

carcinogenesis.  An important and very promising finding that links EGCG to cancer 

treatment shows that EGCG induces apoptosis in many carcinoma cells, without causing 

damage in the normal/healthy cells (Z. P. Chen, Schell, Ho, & Chen, 1998). 

Although EGCG’s activities seem very promising in the fight against cancer, the 

bioavailability and stability of this polyphenol are quite poor, and the concentrations that 

humans are able to absorb are much lower than the concentrations that seem to be 

responsible for the antiproliferative and apoptotic effects seen in the various studies.  

Nanotechnology offers the means by which the bioavailability of EGCG can be improved 

to a level at which it can be useful in the fight against cancer. 

Nanotechnology is the study of the control of matter on an atomic and molecular 

scale, generally dealing with structures of the size of 100nm or smaller in at least one 
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dimension.  The basic rationale behind cancer nanotechnology is that nanometer-sized 

particles have optical, magnetic, and/or structural properties that are not available in large 

molecules or bulk solids.  Studies show that nanoparticles can significantly increase the 

bioavailability, stability and target specificity of certain molecules. 

The objective of this project is to evaluate different EGCG-containing 

nanoparticles [(nanoliposome (LIPO), chitosan-coated nanoliposome (CSLIPO), 

nanostructured lipid carriers (NLC), and chitosan-coated nanostructured lipid 

carriers(CSNLC)] and compare their antiproliferative and apoptotic activities to EGCG, 

to their void nanoparticle counterpart [(nanoparticle with no EGCG inside; void 

nanoliposome (V.LIPO), void chitosan-coated nanoliposome (V.CSLIPO), void 

nanostructured lipid carrier (V.NLC), void chitosan-coated nanostructured lipid 

carrier(V.CSNLC)], and to 1XPhosphate Buffer Saline (PBS) on a specific Estrogen 

Receptor (ER) positive cell line of breast cancer cells (MCF 7).   

A series of three different experiments was conducted to gather data for these 

comparisons.  The first set of experiments was conducted to determine which 

nanoparticle had the highest antiproliferative effect.  This was ascertained by treating 

MCF 7 cells for three hours with each of the different nanoparticles at the same 

concentration and then performing a 3-(4,5-Dimethylthiazol-2-YI)-2,5-

Diphenyltetrazolium Bromide (MTT) assay to calculate cell proliferation.   

The second set of experiments was conducted to gather data on the dose-

dependent effect of the nanoparticle with the highest antiproliferative activity - chitosan-

coated nanoliposome - and EGCG.  To gather this information, MCF 7 cells were treated 

with 10µM, 2.5µM, and 0.6µM of CSLIPO and EGCG (maintaining the volume 

constant), with a V.CSLIPO, and with 1XPBS for three hours.  After the three hour 

treatment, an MTT assay was performed to calculate the proliferation of the cells. 

The third set of experiments was conducted to gather data on the effect that the 

different concentrations of chitosan-coated nanoliposome, nanoliposome, and EGCG had 

on apoptosis of MCF 7 cells. For this experiment, cells were treated for three hours and 
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then a Terminal Deoxynucleotidyl Transferase Mediated dUTP Nick End Labeling 

(TUNEL) assay was performed.  The stained cells were examined under a microscope 

with photographic capabilities, and with the photos (five for each treatment), a 

comparison was made to calculate which treatment had the highest apoptotic effect on 

MCF 7 cells. 

The development of EGCG-carrying nanoparticles would be beneficial because it 

would allow an increase in the bioavailability and stability of such a potent polyphenol, 

which would in turn foster the creation of a possible cancer treatment with fewer, and less 

severe, side effects (judging from current studies at the cellular level). Further studies on 

nanoencapsulated EGCG and how it may affect or intersect different pathways relevant to 

breast cancer are needed in order to design safer prevention and suppression strategies 

against breast cancer.   

As with any study made on cells, more research is needed to find the actual effect 

this treatment will have on humans. 
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CHAPTER II 

LITERATURE REVIEW 

(-)-Epigallocatechin-3-Gallate (EGCG) 

(-)-Epigallocatechin-3-gallate (EGCG) is an aromatic and aliphatic compound 

(molecular formula C22H18O11) with a high molecular size and a molecular weight of 

458.4 g/mol.  EGCG is soluble in water and organic solvents.  EGCG is a powerful 

catechin (a flavonoids phytochemical compound found in green tea), and catechins have 

been found to have strong antiviral, anticarcinogenic, and antioxidant activities and they 

may also help prevent oxidative damage in many organs (Patra, Rizzi, Silva, Rugina, & 

Bettuzzi, 2008).  Catechins have been shown in vitro and in vivo to be strong 

antioxidants.  EGCG is considered to be a strong antioxidant, being able to inhibit the 

oxidation of other molecules.  EGCG is the ester (a chemical compound derived by 

reacting an oxoacid with a hydroxyl compound) of (-)-Epigallocatechin (EGC) and Gallic 

Acid (GA) (Figure 1). 

 

Figure 1 Catechin basic structure and structure that make EGCG (the ester of EGC and 

GA) 

EGCG is the major bioactive polyphenol in green tea, and it has been recognized 

as a potential therapeutic agent with potent antioxidant and chemopreventive activities 

(Na et al., 2008). 
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EGCG possesses two triphenolic groups in its structure, which are reported to be 

important for its strong biological activity compared to those of the other catechins 

present in green tea (Ahmad, Feyes, Nieminen, Agarwal, & Mukhtar, 1997).  EGCG is 

thought to be a valuable scavenger of reactive oxygen species (ROS) and thus has strong 

antioxidant activity (Butt & Sultan, 2009). 

EGCG and Green Tea 

 Consumption of tea has been associated to many different health benefits, from 

weight loss (Hill et al., 2007) to cancer chemoprevention (Ahmad et al., 1997).  

Depending on the manufacturing process, teas are classified into three major types: non-

fermented, semi-fermented, and fermented; these different processes will in turn give 

each type of tea their different chemical composition.  Green tea is a non-fermented tea 

which is produced when the fresh leaves are dried and steamed, inactivating the 

polyphenol oxidase enzyme and thus, no oxidation occurs, preserving the tea’s 

polyphenolic constituents.  Semi-fermented oolong tea is produced when the fresh leaves 

go through partial fermentation prior to the drying stage. Fermented black and red teas 

undergo a post harvest fermentation stage before drying and steaming. Although the 

fermentation of black tea is attained by an oxidation catalyzed by polyphenol oxidase, 

that of red tea is attained by microorganisms (Cabrera, 2006) (see Figure 2).  Of the 

different types of tea, it is believed that green tea has the highest health benefits.   
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Figure 2 Principal differences between types of tea processing and their influence on final 

polyphenols content. 

Tea composition will vary with climate, season, horticultural practices, variety, 

and the age of the leaves (Yang, Lambert, Ju, Lu, & Sang, 2007).  Even with these 

variations, the health-promoting properties remain and are attributed to their active 

ingredients, including the four major catechins, EGCG, (-)-Epicatechin (EC), (-)-

Epicatechin-3-gallate (ECG), and EGC, purine alkaloids (caffeine, theobromide, and 

theophylline), inorganic ions, fluoride, potassium, aluminum, flavonoids (kaemferol, 

myricetin, and quercetin), GA and other phenolic compounds such as chlorogenic acid 

and caffeic acid derivatives, triterpene saponins, volatile oils, and vitamins (carotenoids, 

tocopherols, ascorbic acid) and minerals (Chromium, Manganese, Selenium, and Zinc), 

all of which can increase the green tea’s antioxidant potential (Butt & Sultan, 2009; 

Cabrera, 2006). 
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Polyphenols are the naturally occurring compounds found in fresh tea leaves that 

account for the pungency and unique flavor of green tea (Sun, Yuan, Koh, & Yu, 2006).  

As stated before, green tea is thought to have the highest health benefits and its biological 

activity is thought to be due to the different polyphenols present.  Polyphenols are 

considered to be the constituents of green tea with the most health benefits.  Flavonoids 

are phenol derivatives synthesized in substantial amounts and variety (over 4,000 have 

been identified), and widely distributed among plants.  The characteristic flavonoids 

present in green tea are catechins (flavan-3-ols), and green tea’s biological activity is 

attributed to its four major catechins - these being EGC (19%), ECG (13.6%), EC (6.4%) 

and EGCG (50-80% representing 200 to 300mg) (Cabrera, 2006; Khan, Afaq, Saleem, 

Ahmad, & Mukhtar, 2006).  Wu and Wei indicated that a cup of green tea (2.5g of green 

tea leaves/200mL of water) may contain about 90mg of EGCG (Wu & Wei, 2002).  It is 

believed that, due to the catechins’ polyphenolic structure (Figure 3), these catechins are 

strong antioxidants.  The four major catechins account for up to 30% of the dry weight of 

fresh tea leaves, and of these, EGCG is the most abundant. It is identified as the principal 

antioxidant, contributing approximately 30% of the total antioxidant capacity of green 

tea, and has been recognized as the major chemopreventive agent in green tea (Butt & 

Sultan, 2009; Thangapazham, Passi, & Maheshwari, 2007).  

 

Figure 3 Major Green Tea Catechins 
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The four major catechins are strong metal chelators; they can trap reactive species 

such as superoxide radical, singleton oxygen, hydroxyl, reactive oxygen species (ROS), 

nitric oxide, nitrogen dioxide, and peroxynitrite.  It is thought that these polyphenols are 

strong metal chelators due to their vicinal dihydroxy or trihydroxy structures which 

contribute to these antioxidative activities of green tea, but these compounds are also 

susceptible to air oxidation under alkaline or even neutral pH.  In the case of EGCG, the 

auto-oxidation leads to the generation of superoxide anion and hydrogen peroxide and the 

formation of dimmers such as theasiresins (Yang et al., 2007).  The polyphenolic 

structures of tea polyphenols also make them good donors for H-bonding. An H-bond 

between EGCG and water forms a large hydration shell, which reduces the absorbability 

of EGCG.  This H-bonding also enables tea polyphenols to bind strongly to proteins and 

nucleic acids (Yang et al., 2007). 

Catechin Bioavailability 

 The potential health benefits attributed to catechins depend not only on the 

amount consumed, but on their bioavailability as well.  In order to know the catechin 

bioavailability and metabolism, it is necessary to evaluate their biological activity within 

the targeted tissues. 

 A number of factors can affect the oral bioavailability of green tea catechins, and 

subsequently their biological responses.  Different studies have shown that the oral 

bioavailability of green tea catechins in humans is low; because of this, plasma 

concentrations after an oral administration of green tea extract or green tea catechins are 

five to fifty times less than the concentrations shown to exert biological activities in vitro 

studies (Chow et al., 2001).  Chow et al. showed that taking green tea catechins on an 

empty stomach results in a dramatic increase in the blood levels of free catechins.  It is 

through that an acute fast depletes precursors for the glucuronidation reaction, resulting 

in more free catechins escaping the presystemic loss. An additional factor that can affect 

oral bioavailability of green tea catechins is luminal catechin degradation.  Green tea 

catechins are stable in an acidic environment, but degrade more rapidly at pH levels 
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above 6.5.  One study showed that 38% of EGCG was found to remain intact when 

incubated at 37
o
C at pH 7.4 for 5 minutes, whereas only minimal amounts of EGCG 

remained when incubated for 3 hours under the same conditions (Yoshino, Suzuki, 

Sasaki, Miyase, & Sano, 1999; Q. Y. Zhu, 1997). Following a meal, the gastric pH 

increases to a peak pH of 5.8-6.7 from an acidic range of pH 1.1-1.6, making the fasting 

stomach a more stable environment for the catechins, which could contribute to the 

enhanced oral bioavailability observed in the fasting conditions in the study made by 

Chow et al.  A study done in rats suggested that EGCG tends to distribute into the 

peripheral compartment.  It also indicated that EGCG can stay in the body for a longer 

period of time than other green tea catechins.  EGC and EC seemed to be absorbed faster 

than EGCG, which had a much lower bioavailability in terms of fraction of absorption (L. 

Chen, Lee, Li, & Yang, 1997).  Catechins are known to bind with proteins tightly (when 

used together with other protein binding displacers, EGCG’s distribution volumes can be 

decreased and clearance delayed, another reason why the fasting state may be better for 

the absorption of EGCG as described by Chow et al.). 

 Following oral administration of tea catechins to rats, the four principal catechins 

in green tea were identified in the portal vein, indicating that tea catechins are absorbed 

intestinally (Okushio et al., 1996).  Due to the different chemical structures, the 

bioavailability of all catechins is different.  In humans, ECG has been found to be more 

highly methylated than EGC and EGCG; and EGCG has been found to be less conjugated 

than EGC and EC (Chow et al., 2001). A study done on rats showed that after a 28 day 

period of drinking water containing 0.6% green tea polyphenols, substantial amounts of 

EGC and EC were found in the esophagus, large intestine, kidney, bladder, lung, and 

prostate. EGC and EC concentrations were relatively low in the liver, spleen, heart, and 

thyroid.  EGCG levels were higher in the esophagus and large intestine, but lower in all 

other organs, thought to be due to poor systemic absorption of EGCG (S. Kim et al., 

2000). 

 Catechins are rapidly and extensively metabolized. Studies in rats indicated that 

EGCG is mainly excreted through the bile, while EGC and EC are excreted through the 
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urine and bile (Cabrera, 2006).  The major metabolic pathways for tea catechins include 

glucuronidation, sulfation, and methylation (Khan et al., 2006).  Glucuronidation and 

sulfation of tea polyphenols are the major elimination pathways, and the competition 

among tea polyphenols for glucuronosyltransferase and sulfotransferase may result in the 

inhibition of EGCG elimination (L. Chen et al., 1997).  Although these mentioned studies 

provide a base for the understanding of the absorption, distribution, and elimination of 

green tea catechins, more studies are needed to determine the actual bioavailability of 

metabolites in tissues.  

Dietary EGCG Sources and Human Absorption 

The most common source of EGCG is green tea, and, according to Thangapazham 

et al., tea is considered the second most consumed beverage worldwide - second only to 

water (Thangapazham et al., 2007).  As stated before, EGCG is the most abundant 

polyphenol in green tea, containing potent antioxidants and chemopreventive activities.   

 There have been different studies done on the absorption of EGCG in humans, but 

there were many variances between the studies such as the amount of EGCG 

administered and the administration period, and the sample group was usually very small 

(3 to 18 people).  Although many variances were seen in the studies, all reported oral 

bioavailability of tea catechins to be low in humans, resulting in plasma concentrations 

five to fifty times less than concentrations shown to exert biological activities in vitro 

(Chow et al., 2001).  It is thought that catechin levels in human plasma reach their peak 

levels between 1.5 and 2.5 hours after ingestion and declined to undetectable levels after 

24 hours (which is consistent in all the studies)(Yang et al., 1998).   

A study done on humans showed that after taking 1.5, 3.0, and 4.5 g of green tea 

solids dissolved in 500ml of water, the maximum plasma concentration of EGCG was 

326 ng/ml (< 1µmol/L).  When the dose increased from 1.5 to 3.0 g, the maximum 

plasma concentration increased from 2.7 to 3.4-fold, but increasing the dose to 4.5 g did 

not significantly increase the maximum plasma concentration which suggest a saturation 

phenomenon (Yang et al., 1998).  Another study showed that in humans, average peak 
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plasma concentrations after a single dose of EGCG of 1.5 mmol (688mg) were 1.3 

µmol/L, while another study showed that with a dose of 0.1mmol, the peak plasma 

concentrations were about 0.15 mol/L (Higdon & Frei, 2003; Manach, Williamson, 

Morand, Scalbert, & Rémésy, 2005). Another study that gave volunteers an infusion of 

green tea corresponding to the average Japanese intake of seven to eight cups daily (about 

400 mg of catechins) reached maximum plasma concentrations of 2µM EGCG 

(equivalent to about 1µg of EGCG/ml of plasma) and ECG after two hours (Hofmann & 

Sonenshein, 2003).  One study looked at the unconjugation of plasma EGCG and found 

that, after a 2mg of EGCG per kg of body weight dose, 77% of total EGCG was in the 

unconjugated form one hour after consumption (varying among subjects, the highest 

being 100% of unconjugated EGCG) (Lee et al., 2002).  Because EGCG can bind to 

membrane proteins and partition within cells, however, the effective cellular 

concentration achieved remains to be determined. 

EGCG Cellular Uptake 

 EGCG appears to be transported into the cell by passive diffusion and is 

subsequently converted to the methylated metabolites and glucuronides.  EGCG could 

exert its activity by binding to receptors such as Epidermal Growth Factor Receptor 

(EGFR-which is a kinase enzyme) and Platelet-Derived Growth Factor Receptor 

(PDGFR), or intracellularly by inhibiting protein kinases such as extracellular signal-

regulated kinases (Hong et al., 2002).  

Breast Cancer 

Cancer is defined by Taber’s Cyclopedic Medical Dictionary as a malignant 

neoplasia marked by the uncontrolled growth of cells, often with invasion of healthy 

tissue locally or throughout the body ("Taber's Cyclopedic Medical Dictionary," 2001).  

Cancer is the general name for a group of diseases characterized by the uncontrolled 

growth and spread of abnormal cells, as described before ("Cancer Facts and Figues, 

2010," 2010).  Although there are many different types of cancer, they all start due to an 

abnormal uncontrolled cell growth (normal cells in the body grow, divide, and die in an 
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orderly fashion).  Cancer cells can also invade other tissues - something normal cells 

cannot do.  When the Deoxyribonucleic acid (DNA) of a cell gets damaged, the cell will 

either repair the damage or die.  The cells become cancerous when the damaged DNA is 

not repaired and, instead of undergoing cell death, it multiplies and creates thousands of 

damaged cells that the body does not need.  The damage to the DNA may be inherited, or 

it may be caused by both external and/or internal factors.  In most cases the cancer cells 

will form a tumor, in some cancer cases (such as leukemia), it is very rare for tumors to 

form.  

Untreated cancers can cause serious illness and death. Cancer is the second most 

common cause of death in the United States, exceeded only by heart disease.  In the 

United States, cancer accounts for nearly 1 of every 4 deaths ("Cancer Facts and Figues, 

2010," 2010). 

Cancer cells have several reproductive advantages over normal cells.  They can 

make proteins that stimulate their own growth or that stimulate new blood vessels to 

bring them nourishment.  They can produce enzymes that prevent their chromosomes 

from aging and they can invade the bloodstream and find places to grow in new tissues 

("Taber's Cyclopedic Medical Dictionary," 2001).  Usually, as cancer cells proliferate, 

they become increasingly abnormal and require more of the body’s metabolic output for 

their growth and development.  Damage caused by their invasion of healthy tissues 

results in organ malfunction, pain, and, often, death ("Taber's Cyclopedic Medical 

Dictionary," 2001). 

The name of the cancer is usually given after the part of the body where the tumor 

originates. Breast cancer is a cluster of malignant cells in the mammary ducts.  The 

female breast is made up mainly of fifteen to twenty lobes of glandular tissue, which are 

divided into smaller lobules that end in the milk producing glands.  The lobes, lobules 

and milk-producing glands are connected by ducts which lead to the nipple (the ducts are 

tiny tubes that carry the milk from the lobules to the nipple).  Adipose tissue fills the 

spaces between lobules and ducts; no muscle is within the breast, just underneath it 
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(pectoralis major muscle atop the ribs and the intercostals muscles between the ribs).  

Within the breast, we can also find blood and lymphatic vessels.  Lymph nodes in the 

armpits, skin, and chest wall drain the breasts of excess fluid and potential disease 

organism (Figure 4) ("Taber's Cyclopedic Medical Dictionary," 2001).  The lymph 

system is important in the spreading of breast cancer because breast cancer cells can enter 

the lymphatic vessels and begin to grow in the lymph nodes. 

Most breast cancers begin in the cells that line the ducts, but others begin in the 

cell that line the lobules or on other tissues. One way to differentiate breast cancer is by 

stating whether breast cancer is in situ or invasive.  In situ breast cancer is confined 

within the ducts (ductal carcinoma in situ) or lobules (lobular carcinoma in situ) of the 

breast. If left untreated, it will develop into an invasive cancer (this is why in situ breast 

cancer is sometimes referred to non-invasive or pre-invasive breast cancer).  Nearly all 

cancers at the early stage (in situ) can be cured, but, because these cancer cells grow in 

the ducts, they develop without forming a palpable mass and can only be detected by an 

ultrasound or a mammography.  Most cancerous breast tumors are detected at the 

invasive stage, starting in the lobules or ducts, but they then break through the duct or 

glandular walls to invade the surrounding tissue of the breast and other organs ("Breast 

Cancer Facts and Figures 2009-2010," 2010).  Different terms for the cancer types are: 

Figure 2 Breast Structure (Society) 
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carcinoma (cancer that begins in the epithelial cells of the organs-ductal or lobular 

carcinomas), adenocarcinoma (cancer that begins in the glandular tissue like the ducts 

and lobules which secrete breast milk), or sarcoma (cancers that start from the connective 

tissue; sarcomas of the breast are rare). 

There are several different types of non-invasive breast cancer; ductal carcinoma 

in situ (also known as intraductal carcinoma) being the most common one.  About one in 

five new breast cancer cases will be ductal carcinoma, and nearly all women diagnosed at 

this stage can be cured (as stated before).  Invasive ductal carcinoma is the most common 

type of breast cancer (it accounts for eight out of ten invasive breast cancers). It starts in a 

breast duct, breaks through the wall of the duct, and grows into the fatty tissue of the 

breast, at which point it can be metastasized to other organs through the lymphatic system 

and bloodstream. Invasive lobular carcinoma starts in the lobules and spreads to other 

parts of the body. It is harder to detect than invasive ductal carcinoma, but accounts for 

one out of ten invasive breast cancers.  Other types of breast cancer (which are less 

common) include inflammatory breast cancer, triple-negative breast cancer, mixed 

tumors, medullary carcinoma, metaplastic carcinoma, mucinous carcinoma, paget disease 

of the nipple, tubular carcinoma, papillary carcinoma, adenoid cystic carcinoma, 

phyllodes tumor, and angiosarcoma (Society). 

The stages of breast cancer describe the extent of the cancer in the body and are 

based on whether the cancer is invasive or non-invasive, the size of the tumor, how many 

lymph nodes are involved, and whether it has spread to other parts of the body.  A 

classification system known as Tumor, Nodes, and Metastases (TNM) is used to identify 

the size and degree of growth and spread of the tumor. T stands for the size of the tumor, 

N for the degree of spread to lymph nodes, and M for the presence of metastasis.  The 

stage of cancer is one of the most important factors in determining prognosis and 

treatment options (Mahan & Escott-Stump, 2004). 

Taking into account the tumor size, cancer stage, and the patient’s preferences, 

the current breast cancer treatments can include combined modalities of surgery 
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(mastectomy or lumpectomy with axillary dissection), radiation, chemotherapy, hormone 

therapy, biological therapy and targeted treatment ("Cancer Facts and Figues, 2010," 

2010).  

The National Cancer Institute estimates that there were approximately 11.4 

million Americans who had a history of cancer living in January 2006 ("Cancer Facts and 

Figues, 2010," 2010).  About 1,529,560 total new cancer cases, [including 209,060 new 

breast cancer cases, (of which 1,970 would be male cases and 207,090 would be female 

cases)], were expected to be diagnosed in 2010.  This estimate does not include 

carcinoma in situ of any site except for urinary bladder carcinoma, nor does it include 

basal and squamous cell skin cancers, which are not required to be reported to cancer 

registries.  Breast cancer is the most common cancer among American women, except for 

skin cancers. The chance of developing invasive breast cancer at some time in a women’s 

life is a little less than one in eight (12%).  The American Cancer Association expected 

about 207,090 new cases of invasive breast cancer and about 54,010 new cases of 

carcinoma in situ to be diagnosed in women in 2010 (Society).  Although breast cancer is 

the second most common (or the most common, depending on the source) cancer in 

women, incidence rates have decreased by about 2% per year from 1998 to 2007 (this 

decrease, however, has only been seen in women aged 50 or older). Breast cancer ranks 

second as a cause of death for females (only exceeded by lung cancer), and accounts for 

about one in thirty five women’s death (about 3%).  The number of estimated deaths for 

2010 was 40,230 (39,840 for females and 390 for males).  Although breast cancer ranks 

second as the leading cause of death in females, death rates for breast cancer have 

steadily decreased since 1990 (with larger decreases in women younger than fifty), and 

the 5 year relative survival rate for female breast cancer patients has improved from 63% 

in the early 1960s to 90% today ("Cancer Facts and Figues, 2010," 2010).  In 2011, there 

are over 2.5 million breast cancer survivors in the United States (this includes women 

still being treated as well as those who have completed treatment) (Society).  More than 2 

million people were treated for basal and squamous cell skin cancer in 2006.  In 2010, it 
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was expected that 569,490 Americans would die from cancer, more than 1,500 people a 

day ("Cancer Facts and Figues, 2010," 2010). 

EGCG and Breast Cancer 

The inhibitory activity of tea against tumorigenesis has been demonstrated in 

many cell and animal studies and has been suggested by some epidemiological studies.  

Such activity has generally been attributed to tea catechins, especially EGCG.  EGCG 

possesses promising anticancer potential due to its antioxidant and free radical 

scavenging, antimutagenic, anti-inflammatory, and chemopreventive activities.  Studies 

have also suggested that the cancer preventive properties of EGCG are related to 

inhibition of tumor promotion and growth inhibitory effect on cancer cells.     

The cancer-preventive activity of tea constituents have been demonstrated in 

many animal and cell models, including cancer of the skin, lung, oral cavity, esophagus, 

stomach, liver, pancreas, small intestine, colon, bladder, prostate, and mammary gland 

(Hastak, Agarwal, Mukhtar, & Agarwal, 2005; Hou et al., 2005; Huang et al., 2010; Koh 

et al., 2011; Lambert et al., 2008; Nandakumar, Vaid, & Katiyar, 2011; Philips, Coyle, 

Morrisroe, Chancellor, & Yoshimura, 2009; Roy, Baliga, & Katiyar, 2005; Vu et al., 

2010; B. H. Zhu et al., 2009). 

Studies have been done on both ER negative and ER positive cell lines showing 

EGCG’s positive effect.  A study on MDS-MB-231 (ER negative) showed that EGCG 

inhibited the growth of MDA-MB-231 breast cancer cells in a concentration-dependent 

manner (Thangapazham et al., 2007).  Another study looking at MCF-7 cells (ER 

positive) showed that EGCG induced apoptosis in MCF-7 cells (Hsuuw & Chan, 2007). 

A number of epidemiologic studies, both case-control and cohort studies, have 

examined the possible association between tea intake and breast cancer development in 

humans. A meta-analysis of 13 papers which examined population in eight countries and 

provided data for either green tea, black tea, or both in relation to breast cancer risk, 

showed that a lower risk for breast cancer is associated with green tea consumption (Sun 
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et al., 2006). The results from a case-control study conducted in southeast China 

suggested that increasing duration, frequency, and quantity of green tea consumed is 

inversely associated with breast cancer risk in a significant dose-response relationship, 

providing evidence that green tea consumption is associated with a reduced risk of breast 

cancer in Chinese women (Zhang, Holman, Huang, & Xie, 2007).  Although these studies 

have shown positive effects, the epidemiologic evidence on the protective effect of green 

tea consumption against the development of human cancers is not conclusive; some 

studies suggest reduce in the risk of certain cancers, while other do not show this effect.  

This inconsistency may be due to confounding variables, i.e. individualized differences 

between tea production, concomitant use of tobacco/alcohol, lifestyle, etc. 

The development of an oncogenic state is a complex process involving the 

accumulation of multiple independent mutations that lead to deregulation of cell 

signaling pathways which are central to the control of cell growth and cell fate (Bild et 

al., 2006).  It is very important that we recognize that an effective therapeutic strategy 

against any type of cancer will require an ability to target more than one of the 

deregulated pathways in the oncogenic process.  The therapeutic strategy should measure 

pathway deregulation within a cancer cell line and then relate this to specific treatment 

for cancer.  The disadvantage of this strategy is that the connections between pathway-

specific drugs and drug sensitivity are limited to cancer cell line assays, which leaves us 

with the question of whether this relationship will work in human tumor samples (Bild, 

Potti, & Nevins, 2006). 

Many mechanisms have been suggested as the cause of the positive effects 

exerted by EGCG in cancer models. It is believed that the induction of apoptosis and 

alterations in the cell cycle are likely to be the result of EGCG-mediated changes in 

intracellular pathways.  EGCG has been known to modify the activities of various 

receptor tyrosine kinase and particular pathways of signal transduction, thereby altering 

the expression of genes involved in cell proliferation, angiogenesis, and apoptosis.  Khan 

et al. provided a diagram of the effect of green tea polyphenols which shows how EGCG 

modulates various signal transduction pathways (Figure 5) (Khan & Mukhtar, 2008). 
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Figure 5 Effect of EGCG on the modulation of various signaling pathways 

There have been multiple studies done on EGCG (or green tea and its 

constituents) and Breast Cancer.  These studies have suggested that for breast cancer (as 

well as cancer in general), multiple mechanisms are also involved in the anticancer 

properties that EGCG exhibits, including disruption of oncogenic pathways and cell 

growth arrest, altering the expression of cell cycle regulatory proteins, and induction of 

apoptosis, among others.  Although many studies have been done on many different 

pathways, apoptosis and angiogenesis by EGCG likely involve multiple pathways, not 

just one. 

A study done on T47D breast cancer cell line showed that in this cell line, 

catechin containing approximately 53% of EGCG caused phosphorylation on JNK and 

p38.  The phosphorylated JNK and p38 inhibited the phosphorylation of cdc2, and 

regulated the expression of cyclin A, cyclin B1, and cdk proteins, thereby causing G2 

arrest (Khan & Mukhtar, 2008).  Other studies proposed that EGCG-mediated growth 

arrest and apoptosis occurs primarily via p53-dependent pathways (p53 tumor suppressor 
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gene being the most commonly mutated gene in human cancers).  According to Roy et 

al., the positive effect of p53 against suppression of transformation is dependent on the 

phosphorylation of p53 at Ser 15 residue, and their study showed that p53 phosphorylated 

at Ser 15 in MDA-MB-468 cells (an ER-negative breast cancer cell line) after treatment 

with EGCG (Hastak et al., 2005; Roy et al., 2005). 

According to Butt and Sultan, the protective effects of green tea polyphenols have 

been attributed to the inhibition of enzymes such as the cytochrome p450, which is 

involved in the bio-activation of carcinogens (Butt & Sultan, 2009).  Another study 

looked at EGCG’s effect on the Wnt signaling through the HBP1 transcriptional repressor 

(which had been shown to inhibit Wnt signaling).  The data from this study supports that 

EGCG suppresses the Wnt signaling and cellular processes that are relevant to invasive 

breast cancer in a dose-dependent manner (J. Kim et al., 2006).   

One in vivo study done on mouse mammary carcinoma 4T1 cells examined the 

therapeutic efficacy and molecular mechanism of chemopreventive agents.  The study 

showed that the inhibition of cancer cell migration by EGCG is mediated through the 

reduction in the levels of endogenous Nitric Oxide (NO) levels in 4T1 cells.  The 

reduction in NO levels by EGCG was assumed to be caused by the inhibition of Nitric 

Oxide Synthase expression in the cells.  This study showed that EGCG has a potential 

chemopreventive agent against breast cancer (Punathil, Tollefsbol, & Katiyar, 2008).   

Although EGCG has been shown to inhibit breast cancer through many different 

mechanisms, the best of them is not yet completely known.  We need to continue 

studying EGCG and breast cancer to fully understand it. 

An important and very promising finding relating EGCG to cancer treatment is 

that EGCG induces apoptosis in many carcinoma cells, but does not cause apoptosis in 

the normal/healthy cells.  One study compared the effect of EGCG on the growth of 

SV40 virally transformed WI38 human fibroblasts (EI38VA) with that of normal WI38 

cells.  The IC50 value of EGCG was estimated to be 120 and 10µM for WI38 and 

WI38VA cells, respectively.  This EGCG at 40µM completely inhibited the growth of 
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WI38VA cells, but had little or no inhibitory effect on the growth of WI38 cells.  Similar 

differential growth inhibition was also observed between a human colorectal cancer cell 

line (Caco-2), a breast cancer cell line (Hs578T) and their respective normal counterparts 

(Z. P. Chen et al., 1998). 

Proliferation 

 Proliferation is the rapid and repeated reproduction of cells by cell 

division.  It is controlled by growth factors, receptors on the cell surface, signaling 

molecules, and transcription factors.  The growth factors bind to the receptors on the cell 

surface, which connect to signaling molecules that send the messages from the receptor to 

the nucleus, where the transcription factor binds to the DNA. This turns on or off the 

production of proteins that cause the cells to continue dividing, causing proliferation and 

an increase in cell number. 

Apoptosis 

Apoptosis is a highly ordered protective mechanism through which unwanted or 

damaged cells are eliminated from the system.  It is essential for the normal development, 

turnover, and replacement of cells in the living system.  In addition, apoptosis serves as a 

protective mechanism against neoplastic development in an organism by eliminating 

genetically damaged cells or excess cells that have improperly been induced to divide 

(Khan et al., 2006).  Apoptosis is a form of cell death characterized by shrinkage of the 

cell and breaking apart (morphological criteria) or by breaking the DNA down into 

segments that are due to cleavage between nucleosomes (biochemical criteria) (Majno & 

Joris, 1995).  Although EGCG has been shown to affect a number of factors associated 

with cell cycle progression, the primary events of induction of apoptosis include nuclear 

condensation, caspase-3 activation, and poly(ADP)ribose polymerase cleavage (Khan et 

al., 2006).   
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Current Cancer Treatments 

Current cancer treatments include surgical intervention, radiation, 

chemopreventive drugs, hormone therapy, biological therapy, and targeted therapy, as 

well as a combined-modality of the therapies ("Cancer Facts and Figues, 2010," 2010; 

Peer et al., 2007).  A drawback of the current cancer treatments is that most treatments do 

not differentiate between cancerous and noncancerous cells, leading to systemic toxicity.  

Consequently, these treatments cause severe side effects in other tissues (such as bone 

marrow suppression, cardiomyopathy, and neurotoxicity), which greatly limit the 

maximum allowable doses.  In addition, rapid elimination and widespread distribution 

into non-targeted organs and tissues require the administration of a drug in large 

quantities, which is not economical and often complicated due to nonspecific toxicity 

(Nie, Xing, Kim, & Simons, 2007). 

Drug developers have been trying to increase the per-dose efficacy of different 

treatments to decrease systemic toxicity by increasing the treatment’s targeting 

selectivity, and giving the agents means to overcome biological barriers (Ferrari, 2005).  

Nanotechnology has shown promising developments in these areas, making drug delivery 

one of the most promising applications for nanotechnology. Nanocarriers can protect and 

deliver poorly soluble drugs effectively, decreasing the dose of the drug needed 

(Nishiyama, 2007).  Nanotechnology applications also involve offering a more targeted 

approach and therefore provides significant benefits to cancer patients by decreasing the 

side effects caused by systemic toxicity (Nie et al., 2007).   

Nanotechnology 

 Nanotechnology is the study of the control of matter on an atomic and 

molecular scale.  Generally, nanotechnology deals with structures of the size of 100nm or 

smaller in at least one dimension and involves developing materials or devices within that 

size (Siddiqui & Mukhtar, 2010).  It is estimated that several thousand different 

nanovector types have been reported in the literature.  It is through that only a minute 

fraction of their potential uses against cancer has been explored, yet even this has offered 
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technological foundations for meeting the fundamental cancer nanotechnology challenges 

(Ferrari, 2005). 

Cancer and Nanotechnology 

Cancer nanotechnology is an emerging new field of interdisciplinary research in 

biology, chemistry, engineering, and medicine with broad applications for molecular 

imaging, molecular diagnosis, and targeted treatment; bringing with it major advances in 

these fields.  The basic rationale behind cancer nanotechnology is that nanometer-sized 

particles have optical, magnetic, and/or structural properties that are not available from 

molecules or bulk solids (Nie et al., 2007). 

A very promising feature of nanotechnology, which has been reported in recent 

research, is that nanoparticles can be linked with tumor targeting ligands such as 

monoclonal antibodies, peptides, or small molecules, and, when linked to these ligands, 

nanoparticles can be used to target tumor vasculatures as well as tumor biomarkers (any 

biomolecules or analytical features associated with a disease or its behavior which 

include altered or mutated genes, Ribonucleic Acid (RNA), proteins, lipids, 

carbohydrates, and small metabolite molecules, and their altered expressions that are 

correlated with a biological behavior or a clinical outcome) with high affinity and 

specificity (Nie et al., 2007).   

Nanocarriers with tumor targeting ligands will recognize and bind to target cells 

through ligand-receptor interactions, and bound carriers are internalized before the drug 

is released inside the cell.  It is imperative that the agent binds with high selectivity to 

molecules that are uniquely expressed on the cell surface.  To maximize specificity, a 

surface marker (antigen or receptor) should be overexpressed on target cells relative to 

normal cells.  The binding of certain ligands to their receptor may cause receptor 

mediated internalization, which is often necessary if nanocarriers are to release drugs 

inside the cell.  Targeting nanocarriers to non-internalizing receptors may sometimes be 

advantageous in solid tumors. There is evidence that high binding affinity can decrease 

penetration of nanocarriers due to a binding-site barrier, where the nanocarrier binds to its 
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target so strongly that penetration into the tissue is prevented.  In addition to enhanced 

affinity, multivalent binding effects (or avidity) may also be used to improve targeting.  

The collective binding in a multivalent interaction is much stronger than monovalent 

binding.  The targeting agents can be broadly classified as proteins (mainly antibodies 

and their fragments), nucleic acids (aptamers), or other receptor ligands (peptides, 

vitamins, and carbohydrates) (Peer et al., 2007). 

Nanotechnology is already being applied to cancer in ways such as the 

development of nanocarriers, which can be filled with drugs or imaging agents and then 

can be targeted to the tumors (Ferrari, 2005; Siddiqui & Mukhtar, 2010).  Other ways 

nanotechnology is utilized in regards to cancer include molecular imaging [nanosized 

Magnetic Resonance Imaging (MRI)]; contrast agents for intraoperative imaging in the 

context of neuro-oncological intervention, early detection, target therapy, and cancer 

bioinformatics.  Cancer-related nano-devices include, but are not limited to, injectable 

nanovectors, such as liposomes, biologically targeted, nanosized magnetic resonance 

imaging contrast agents, and novel nanoparticle-based methods for high detection of 

DNA and protein (Siddiqui & Mukhtar, 2010). 

It is hoped that nanotechnology is becoming an enabling technology for 

personalized oncology, in which cancer detection, diagnosis, and therapy are tailored to 

each individual’s tumor molecular profile.  Nanotechnology also shows potential for 

predictive oncology, in which genetic/molecular markers are used to predict disease 

development, progression, and clinical outcomes (Nie et al., 2007). 

Nanocarriers 

Nanocarriers are nanosized materials (with diameters in the 1-100nm range) that 

can be hollow or solid and in general have at least a tripartite constitution.  The tripartite 

constitution features a core constituent material, a therapeutic and/or imaging agent load, 

and biological surface modifiers, which enhance the biodistribution and tumor targeting 

of the nanoparticles (Ferrari, 2005; Peer et al., 2007). Nanocarriers have been explored 

for a variety of applications such as drug delivery, imaging, photothermal ablation of 
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tumors, radiation sensitizers, detection of apoptosis, and sentinel lymphnode mapping 

(Peer et al., 2007).  Nanocarrier formulations have been designed to reduce the clearance 

time of small peptide drugs, provide protection of active agents from enzymatic or 

environmental degradation, and avoid obstacles to the targeting of the active moiety 

(Ferrari, 2005).   

The current family of nanocarriers includes polymer conjugates, polymeric 

nanoparticles, lipid-based carriers such as liposomes and micelles, dendrimers, carbon 

nanotubes, and gold nanoparticles, including nanoshells and nanocages (Peer et al., 

2007). 

Therapeutic and diagnostic agents can be encapsulated, covalently attached, or 

absorbed in the nanoparticles, which can help overcome drug solubility issues (a major 

drawback with the current drug treatments); this has significant implications because 

more than 40% of the active substances being identified through combinational screening 

programs are poorly soluble in water (Nie et al., 2007).  Nanocarriers can also be used to 

increase local drug concentration by carrying the drug within and control-releasing it 

when bound to the desired target (Peer et al., 2007).   

 A major clinical advantage sought by the use of nanocarriers over simple 

immunotargeted drugs is the specific delivery of large amounts of therapeutic or imaging 

agents by using targeting biorecognition.  Targeting methods that have been investigated 

range from covalently linked antibodies to other mechanisms based on size and physical 

properties of the nanocarriers (Ferrari, 2005). 

Nanocarriers encounter numerous barriers (like mucosal barriers) and non-

specific uptake on their way to their target.  To address these challenges, it is necessary to 

combine the design of the nanocarriers with the fundamental understanding of tumor 

biology (Peer et al., 2007). 

A good nanocarrier is one that can circulate in the blood for long periods of time 

and deliver the drugs with minimal side effects (Nishiyama, 2007).  Nanocarriers can 
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offer many advantages over free drugs: they protect the drug from premature degradation, 

prevent drugs from prematurely interacting with the biological environment, enhance 

absorption of the drugs into a selected tissue, control the pharmacokinetic and drug tissue 

distribution profile, and improve intracellular penetration.  For rapid and effective clinical 

translation, the nanocarriers should be made from material that is biocompatible, well 

characterized, and easily functionalized; it should exhibit high differential uptake 

efficiency in the target cells over normal cells, be either soluble or colloidal under 

aqueous conditions for increased effectiveness, and have an extended circulating half-life, 

a low rate of aggregation, and a long shelf life (Peer et al., 2007).   

Polymers are the most commonly explored material for constructing nanoparticle-

based drug carriers.  Polymeric nanoparticles can be made from biodegradable and 

biocompatible polymers like synthetic polymers, including poly(lactic acid) (PLA) and 

poly(lactic co-glycolic acid) (PLGA) and from natural polymers such as starch, chitosan 

and collagen, which may be used to encapsulate drugs without chemical modification and 

for the delivery of various drugs.  A significant advantage of biodegradable polymers is 

their safe use, proven biocompatibility, and ability to control the time and rate of polymer 

degradation and the release of the incorporated entity.  With this technology, the drugs 

can be released in a controlled manner through surface or bulk erosion, diffusion through 

the polymeric matrix, swelling followed by diffusion, or in response to the local 

environment (Peer et al., 2007; Siddiqui & Mukhtar, 2010).  Even though these 

nanoparticles are very promising, there are a few limitations with their use, such as when 

PLA/PLGA nanoparticles are injected systemically for drug delivery - they are rapidly 

cleared from the blood-stream by the mononuclear phagocyte system, thus restraining 

their potential as controlled drug delivery vehicles (Siddiqui & Mukhtar, 2010). 

Another common material for constructing nanoparticles is lipids, due to their 

ability to deliver poorly soluble drugs effectively (Nishiyama, 2007).  Lipid-based 

carriers are typically between 100 and 200nm in diameter and are spherical in shape. 

They offer attractive biological properties for nanoparticles, including general 

biocompatibility, biodegradability, isolation of drugs from the surrounding environment, 
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and the ability to entrap both hydrophilic and hydrophobic drugs (Nishiyama, 2007; Peer 

et al., 2007).  Liposomes are the archetypal, simplest form of a nanocarrier.  They use the 

over-expression of fenestrations in cancer neovasculature to increase drug concentration 

at tumor sites (Ferrari, 2005).  Although this type of nanocarrier is very promising, it does 

have several challenges; for example, upon intravenous injection, particles are rapidly 

cleared from the bloodstream by the reticuloendothelial defense mechanism.  Moreover, 

instability of the carrier and burst drug release, as well as non-specific uptake by the 

mononuclear phagocytic system (MPS), provides additional challenges.  A solution that 

has been attempted is to add Polyethylene Glycol (PEG) to improve circulation time by 

stabilizing and protecting micelles and liposomes from opsonization (a plasma protein 

deposition process that signals Kupffer cells in the liver to remove the carriers from 

circulation).  There have been a few examples of clinically used liposomes (80-90nm in 

diameter) without PEG coating that have been reported to exhibit enhanced circulation 

times, but to a lesser degree than PEGylated liposomes (Peer et al., 2007). Although PEG 

modification is an effective strategy, it cannot prolong the circulation of nanocarriers 

beyond 48 hours, and it is believed that those larger than 200nm are cleared much faster 

than this (Nishiyama, 2007).   

In vivo studies have shown a significant high accumulation of the PEGylated 

nanoformulation in the tumor tissue due to the Enhanced Permeation and Retention effect 

(EPR).  The EPR is mainly due to the difference in the vasculature between tumor tissue 

and normal tissue.  Normal tissue vasculatures are lined by tight endothelial cells which 

prevent the nanoparticles from escaping into the tissue; whereas tumor tissue vasculatures 

are porous with leaky endothelium, which easily allows the nanoparticles to permeate in 

the tissue.  Once the nanoparticles carrying the drugs enter the blood-flow, they move 

freely until they reach the tumor tissue, where, due to the leaky environment, they allow 

the encapsulated drug to be released and get accumulated in the tissue.  When the 

nanoparticles are conjugated with targeting moieties (like a ligand) it will facilitate the 

nanoparticles to be delivered only to the tumor cells as stated before (Siddiqui & 

Mukhtar, 2010). 
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To achieve temporal release of two drugs, polymers and phospholipids can be 

combined as a single delivery agent (polymer core/lipid shell).  After locating the tumor 

site through the EPR effect, the outer phospholipid shell releases an anti-angiogenesis 

agent, and the inner polymeric nanoparticle subsequently releases a chemotherapy agent 

in response to local hypoxia.  This strategy led to reduced toxicity and enhanced anti-

metastatic effects in two different mouse tumor models, emphasizing the advantages of a 

mechanism-based design for targeted nanocarriers (Peer et al., 2007). 

Passive and Active Targeting 

Nanocarriers with chemotherapeutic agents can target cells either passively or 

actively.  Passive targeting exploits the characteristic features of tumor biology that allow 

nanocarriers to accumulate in the tumor by EPR effect.  Active targeting achieves this by 

conjugating nanocarriers containing chemotherapeutics with molecules that bind to over 

expressed antigens or receptors on the target cells (Peer et al., 2007). 

Passive Targeting 

Normal tissue vasculatures are lined by tight endothelial cells, thereby preventing 

nanoparticle drugs from escaping or extravasation, whereas the rapid vascularization in 

fast-growing cancerous tissues results in a leaky and hyperpermeable vasculature 

allowing preferential accumulation of nanoparticles in the tumor interstitial space (Nie et 

al., 2007).  It is known that blood vessels in tumors are characteristically “leaky”, having 

pores with a diameter close to 10 to 100nm which allow nanoparticles to escape and 

accumulate in solid tumors (Nishiyama, 2007).  For such a passive targeting mechanism 

to work, the size and surface properties of drug delivery nanoparticles must be controlled 

to avoid uptake by the Reticuloendothelial System (RES); uptake by the RES is 

effectively avoided by using surface modification with polyethylene glycol to increase 

circulatory half-life from minutes to many hours or days (Ferrari, 2005).  To maximize 

circulation times and targeting ability, the optimal size should be less than 100 nm in 

diameter and the surface should be hydrophilic to circumvent clearance by macrophages.  

A hydrophilic surface of the nanoparticles safeguards against plasma protein adsorption 
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and can be achieved through hydrophilic polymer coatings such as PEG, poloxamines, 

poloxamers, polysaccharides, or through the use of branched or block amphiphilic 

copolymers.  The covalent linkage of amphiphilic copolypers (PLA, polycaprolactone, 

polycyanonacrylate chemically coupled to PEG) is generally preferred, as it avoids 

aggregation and ligand desorption when in contact with blood components (Nie et al., 

2007). 

An alternative passive targeting strategy is to utilize the unique tumor 

environment in a scheme called tumor-activated prodrug therapy.  The drug is conjugated 

to a tumor-specific molecule and remains inactive until it reaches the target.  pH and 

redux potential have been also explored as drug released triggers at the tumor site.  

Another passive targeting method is the direct local delivery of anticancer agents to 

tumors.  This approach has the obvious advantage of excluding the drug from the 

systemic circulation.  However, administration can be highly invasive, as it involves 

injections or surgical procedures.  For some tumors, such as lung cancer, that are difficult 

to access, the technique is nearly impossible to use (Nie et al., 2007). 

Although passive targeting with nanoparticles shows promising benefits, it does 

suffer from some limitations.  Ubiquitously targeting cells within a tumor is not always 

feasible because some drugs cannot diffuse efficiently and the random nature of the 

approach makes it difficult to control the process.  This lack of control may induce 

multiple-drug resistance (MDR) - a situation where chemotherapy treatments fail due to 

the resistance of cancer cells towards one or more drugs.  MDR occurs because 

transporter proteins that expel drugs from cells are over expressed on the surface of 

cancer cells.  Expelling drugs inevitably lowers the therapeutic effect and cancer cells 

soon develop resistance to a variety of drugs.  Passive targeting is further limited because 

certain tumors do not exhibit the EPR effect, and the permeability of vessels may not be 

the same throughout a single tumor (Peer et al., 2007). 
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Active Targeting 

Active targeting is usually achieved by conjugating to the nanoparticle a targeting 

component that provides preferential accumulation of nanoparticles in the tumor-bearing 

organ, in the tumor itself, individual cancer cells, or intracellular organelles inside cancer 

cells.  This approach is based on specific interactions, such as lectin-carbohydrate, 

lignad-receptor, and antibody-antigen.  Lectin-carbohydrate is one of the classic 

examples of targeted drug delivery.  Lectins are proteins of nonimmunological origin, 

capable of recognizing and binding to glycoproteins expressed on cell surfaces.  Lectin 

interactions with certain carbohydrates are very specific.  Carbohydrate moieties can be 

used to target drug delivery systems to lectins (direct lecting targeting), and lectins can be 

used as targeting moieties to target cell surface carbohydrates (reverse lectin targeting).  

However, drug delivery systems based on lectin-carbohydrate have mainly been 

developed to target whole organs, which can pose harm to normal cells.  Therefore, in 

most cases the targeting moiety is directed toward specific receptors or antigens 

expressed on the plasma membrane or elsewhere at the tumor site.  The overexpression of 

receptors or antigens in many human cancers lends itself to efficient drug uptake via 

receptor-mediated endocytosis (nanoparticles drug delivery and targeting using receptor-

mediated endocytosis.  The nanoparticle drug is internalized by tumor cells through 

ligand-receptor interaction.  Depending on the design of the cleavable bond, the drug will 

be released intracellularly on exposure to lysosomal enzymes or lower pH).  Because 

glycoproteins cannot remove polymer-drug conjugates that have entered the cells via 

endocytosis, this active targeting mechanism provides an alternative route for 

overcoming MDR (Nie et al., 2007). 

Nanotechnology Limitations 

The journey of therapeutic or imaging agents from the point of administration to 

the intended target is full of barriers for both nanocarriers and conventional agents 

(Ferrari, 2005).  These barriers include, but are not limited to, mucosal barriers, non-

specific uptake, tight junctions between epithelial cells, enzymatic degradation, time 
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delay of release, RES, and increase osmotic pressure within cancer lesions among others 

(Ferrari, 2005; Peer et al., 2007).   

The RES is a system composed of monocytes and macrophages which is located 

in reticular connective tissue like the spleen.  These cells are responsible for phagocytosis 

and removing cellular debris, pathogens, and other foreign substances from the blood 

stream.  As so, the RES acts as an immunological barrier on the effective targeting of 

nanoparticles encapsulated drugs, as they sequester injected nanoparticles and remove it 

from the blood stream (Ferrari, 2005). 

EGCG and Nanotechnology 

Limited bioavailability is the major drawback associated with the failure of many 

naturally occurring chemopreventive agents.  To achieve maximum response of 

chemopreventive agents, novel strategies are required to enhance the bioavailability of 

potentially useful agents and reduce perceived toxicity.  Nanoparticle mediated delivery 

could be useful to limit toxicity and enhance the bioavailability of the chemopreventive 

agents.  It is noteworthy that nanotechnology is now being used (implemented and 

assessed) in different areas of cancer therapeutics and cancer management (Siddiqui et 

al., 2009).  As stated before, native EGCG has poor bioavailability in human subjects and 

a short half life (about four hours).  Nanotechnology has shown promising effects to 

increase the bioavailability and stability of EGCG (nanoencapsulated EGCG has shown 

to have a significant longer half life compared to that of nonencapsulated EGCG).   

Data have demonstrated that treatment of cells with nanoencapsulated EGCG 

produced remarkably superior effects at 24 hours post-treatment with over tenfold dose 

advantage compared to that of nonencapsulated EGCG.  In the same study, it was also 

observed that nonencapsulated EGCG was rapidly degraded (within four hours), whereas 

nanoencapsulated EGCG has a significant longer half-life (Siddiqui & Mukhtar, 2010).  

Siddiqui et al., observed that encapsulating EGCG in polylactic acid-polythylene glycol 

nanoparticles retains the biological effectives of EGCG with over a tenfold dose 

advantage (Siddiqui et al., 2009). 
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 PLA-PEG nanoencapsulated EGCG on prostate cancer cells (PC3) had no toxic 

effect and compared to nonencapsulated EGCG, it produced over tenfold advantage.  

They also found that there was more apoptosis of PC3 cells treated with 

nanoencapsulated compared to nonencapsulated EGCG (2.74µM/L nanoencapsulated 

EGCG versus 40µM/L nonencapsulated EGCG) (Siddiqui et al., 2009). 

  



Texas Tech University, Rita Castillo-Cohen, May 2011 

32 
 

CHAPTER III 

MATERIALS AND METHODS 

 

Cell Line 

 

 Human breast cancer ER positive MCF 7 cell line was ordered from the American 

Type Culture Collection (ATCC) and cells were delivered in a frozen state.  MCF 7 cells 

are adherent in nature.  The source of MCF7 cells is the mammary gland, and the disease 

related to these cells is adenocarcinoma of the breast.  The morphology of MCF 7 cells is 

epithelial.  The MCF7 cell line retains several characteristics of differentiated mammary 

epithelium including the ability to process estradiol via cytoplasmic estrogen receptors 

and the capability of forming domes.  The cells express the WNT7B oncogene.  The 

doubling time for MCF7 cells is of 26 hours.   

 

EGCG 

EGCG was bought from SIGMA Company, and different nanoparticles were 

made and provided by Dr. Shu Wang.  The different nanoparticles that were provided are 

LIPO, CSLIPO, NLC, and CSNLC.  EGCG comes in a powdered form; it was dissolved 

at specific concentrations in 1XPBS (it was either used immediately or frozen at -80
o
C to 

prevent EGCG degradation).  Nanoparticles were also dissolved in 1XPBS and kept at 

4
o
C as they are not as susceptible to degradation as, and are more stable than, 

nonencapsulated EGCG. 

 

Thawing MCF7 Cells 

 

Chemicals 

 Eagle’s Minimum Essential Medium (ATCC Catalog No. 30-2003) 

 Bovine insulin (SIGMA Catalog No. I0516) 

 Fetal bovine serum (ATCC Catalog No. 30-2020) 
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 Trypsin-0.53 mM EDTA in Hank’ BSS (w/o Ca
++

, Mg
++

) (ATCC Catalog No. 30-

2101) 

 Hank’s balanced salt solution (ATCC Catalog No. 30-2213)  

 Trypan blue (SIGMA Catalog No. T8154) 

 70% ethanol 

Glassware 

 Small vials 

 75 cm
2
 or 25cm

2
 flasks with vented caps 

 Centrifuge tubes 

 Pipettes 

 Waste containers 

 Test tube rack 

Equipment 

 Hood 

 Incubator (37
o
C and 5% CO2 and 95% humidity) 

 Water bath 

 Centrifuge 

 Refrigerator 

 Microscope 

 Cell counting device or Hemocytometer 

Preparation of Reagents 

Procedures 

1. Clean and setup hood before removing cells from liquid nitrogen storage 

2. Have ready 10mL of pre-warmed medium and a cell culture flask (to prewarm 

medium, place medium in 37
o
C incubator for 30 minutes). 

3. Place vials from nitrogen tank in a cup of dry ice to keep them cold in transit to 

the water bath 
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4. Thaw cells in a 37
o
C water bath quickly (make sure to not submerge the vials in 

water). 

5. Remove vial form water bath when a small chunk of ice sill remains (it will melt 

on the way to the hood). Swipe vials with ethanol before placing them in the 

hood. 

6. Use a small pipette to transfer the contents of the vial into 15 ml centrifuge tubes. 

7. Add 10ml of pre-warmed cell culture medium to the tube; start drop by drop and 

then gradually increase rate. 

8. Transfer the cells suspension to the centrifuge tube, and centrifuge at 

approximately 125 xg for 5 to 10 minutes.   

9. Remove and discard the supernatant from centrifuge tube with a pipette and 

discard medium into waste container (do not disturb pellet). 

10. Resuspend the pellet with fresh growth medium; gently pipetting will ensure 

homogeneous solution of single cells. 

11. Remove small sample for cell counting. 

12. Use trypan blue to count cells to indicate ratio of life vs. dead cells (dead cells 

will be blue, living cells will be white or colorless).  Mix Trypan blue 1 to 1 with 

cell suspension. 

13. Based on cell count; determine how much additional fresh optimal seeding 

density.  Add required medium and mix cells gently. 

14. Pipette solutions into fresh flasks and cap flasks tightly. 

15. Transfer to incubator.  (Incubate cultures at 37C
o
, 5% CO2, and 95% humidity). 

 

MCF 7 Cell Culturing 

Chemicals 

 Eagle’s Minimum Essential Medium (ATCC Catalog No. 30-2003) 

 Bovine insulin (SIGMA Catalog No. I0516) 

 Fetal bovine serum (ATCC Catalog No. 30-2020) 

 Streptomycin/Penicillin 
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 Trypsin-0.53 mM EDTA in Hank’ BSS (w/o Ca
++

, Mg
++

) (ATCC Catalog No. 30-

2101) 

 1 x PBS Balanced Solution 

 Trypan blue (SIGMA Catalog No. T8154) 

 70% ethanol 

Glassware 

 75 cm
2
 flasks with vented caps 

 Centrifuge tubes 

 Pipettes 

 Waste containers 

 Test tube rack 

Equipment 

 Hood 

 Incubator (37
o
C and 5% CO2 and 95% humidity) 

 Water bath 

 Centrifuge 

 Refrigerator 

 Microscope 

 Hemocytometer 

Preparation of Reagents 

 Add to ATCC-formulated Eagle’s minimum Essential Medium: 0.01mg/ml 

bovine insulin; fetal bovine serum to a final concentration of 10%; 

streptomycin/Penicillin mixture to concentration of 1% 

 Store medium at 2-8
o
C 
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Procedures 

1. Clean flask with 70% ethanol before placing in hood. 

2. Remove medium from flask using sterile pipettes (save this medium and 

centrifuge; count cells, if there are dead cells discard, if there are no dead cells, 

reseed in flask). 

3. Rinse the cells with 1XPBS or another balanced salt solution (making sure it has 

no Ca
++

 or Mg
++

). 

4. After rinsing cells; aspirate PBS solution. 

5. Add 2.0 to 3.0 ml of Trypsin solution to flask (make sure solution completely 

covers the cells).  Place the flask in 37
o
C incubator for 5 to 15 minutes.  Observe 

cells under an inverted microscope until cell layer is dispersed; they will start to 

appear round and will move or slide when flask is tilted (do not leave dissociation 

reagent for a long time).   

NOTE: to avoid clumping do not agitate the cells by hitting or shaking the flask 

while waiting for the cells to detach.   

6. With a pipette, add 6.0 to 9.0ml of complete growth medium (use three times the 

complete medium to trypsin to inactivate trypsin (1/3 trypsin to complete 

medium). 

7. Aspirate cells using a pipette.  

8. Transfer the cells suspension to the centrifuge tube, and centrifuge at 

approximately 3000 rpm for 3 minutes.   

9. Remove and discard the supernatant from centrifuge tube with a pipette and 

discard medium into waste container (do not disturb pellet). 

10. Resuspend the pellet with fresh growth medium; gently pipetting up and down to 

ensure homogeneous solution of single cells. 

11. Remove small sample for cell counting (20µL). 

12. Use trypan blue to count cells to indicate ratio of life vs. dead cells (dead cells 

will be blue, living cells will be white or colorless).  Mix trypan blue 1 to 1 of cell 

suspension. 
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 Cells should be counted within 3-5 minutes of mixing with trypan blue, as 

longer incubation periods will lead to cell death and reduced viability 

counts). 

 Use 10µL of cell suspension and 10µL of trypan blue; with pipette mix 

well to ensure homogeneity. 

 Use 10µL of cell/trypan blue mix to place in hemacytometer (follow using 

a hemacytometer instructions) 

13. Calculate number of cells 

 Divide total number of cells by two and then multiply by ten thousand.  

The number you get from this equation will identify how many cells per 

ml you have. 

14. Pipette solutions into fresh flasks and cap flasks (tightly if using vented caps and 

loosely if not), or into plates and cap plates.  Add appropriate cell culture 

medium. 

 For 75cc flask add 15mL fresh medium 

 For 25cc flask add 7mL fresh medium 

 For 6 well plate add 3mL fresh medium 

 For 96-well plate add 100mL fresh medium 

15. Transfer to incubator.  (Incubate cultures in 4% CO2/95% humidified air at 37
o
C). 

 

Medium Renewal: 2 to 3 times per week. 

Calculation 

 For 100 mL of complete medium: 

Bovine Insulin: 0.01mg/ml x 100mL Eagle’s Minimum Essential Medium = 1 mg 

Bovine Insulin 

FBS: 100mL total solution x 10% FBS = 10ml FBS 

Antibiotic (1% penicillin/streptomycin mixture): 100mL x 1% = 1 mL (1000µL) 
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 For calculating amount of medium needed after treating cells with Trypsin to 

inhibit its action: 

Amount of Medium = Trypsin solution x 3 

Example: 10ml Trypsin x 3 = 30ml of complete medium 

 For calculating total cell number 

Cells counted in the four chambers / 4 / 0.5 x 1x10
4
. 

 For calculating volume needed to seed specific number of cells 

Example: Total cells in 1mL = 2.32 x 10
6
 

  Specific number of cells needed: 1 x 10
5
 

  
    

    
 
 

 
 
      

    
      

 

EGCG Treatment 

Chemicals 

 Eagle’s Minimum Essential Medium (ATCC Catalog No. 30-2003) 

 Bovine insulin (SIGMA Catalog No. 10516) 

 Fetal Bovine Serum (ATCC Catalog No. 30-2020) 

 MCF-7 Cell Culture (ATCC Catalog No. HTB-22) 

 Native EGCG (Dr. Shu Wang) 

o Made with 95% purity EGCG from SIGMA. 

 EGCG encapsulated nanoparticles (Dr. Shu Wang) 

o LIPO 

o CSLIPO 

o NLC 

o CSNLC 

 Void nanoparticles (Dr. Shu Wang) 

o Void LIPO 

o Void CSLIPO 

o Void NLC 
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o Void CSNLC 

 70% ethanol 

Glassware 

 Pipettes 

 Waste containers 

 Test tube rack 

 6-well or 96-well flat-bottomed plates with lid 

Equipment 

 Hood 

 Incubator 

 Refrigerator 

 Microscope 

 Cell counting device or Hemocytometer 

Preparation of Reagents 

 Add to ATCC-formulated Eagle’s minimum Essential Medium: 0.01mg/ml 

bovine insulin; fetal bovine serum to a final concentration of 10% 

 Store medium at 2-8
o
C 

Procedures 

 Harvest cells according to protocol for culturing MCF-7 cells (above). 

 Using aseptic techniques, seed MCF-7 cells in 6-well or 96-well flat-bottomed 

plates with cell culture media (3.0 x 10
5
 and 2.5 x 10

4
) and allow growing for 24 

hours. 

 After 24 hour period, clean plate with 70% ethanol before placing in hood and 

treat MCF-7cells with different treatments (1xPBS, native EGCG, LIPO, 
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CSLIPO, NLC, CSNLC, Void LIPO, Void, CSLIPO, Void NLC, and Void 

CSNLC) in cell culture medium. 

o NOTE: Total treatment volume for 96-well plate was usually between 0.4 

and 0.7µL adding medium to total 100µL volume.  Total treatment 

volume for 6-well plate was usually between 10 and 30µL adding medium 

to total volume 3000µL. 

 All treatments contained the same EGCG concentrations (10 µM) and treatment 

time was of 3hours for all treatments. 

 

MTT Assay 

Several different tests to determine cell proliferation or cell death have been 

employed in the past.  Trypan blue staining is a simple way to evaluate cell membrane 

integrity, and by measuring cell membrane integrity one can assume cell proliferation or 

death, but it is not a very sensitive test.  Measuring the uptake of radioactive substances is 

another test that is employed; this test is very accurate but it is time consuming and 

involves handling radioactive substances.  The MTT assay determines cell proliferation 

or death by counting the number of viable cells after staining them with Thiazolyl Blue 

Tetrazolium Bromide; this is a reliable and easy to do test and so will be used in this 

experiment (Walter and Provost). 

An MTT assay is a colorimetric assay (technique used to determine the 

concentration of colored compounds in solutions) that measures the percent of cell 

survival by measuring activity of living cells via mitochondrial dehydrogenases.  The key 

component in an MTT assay is MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

dipenyltetrazolium bromide, a yellow tetrazol) which is reduced by the metabolically 

active cells to purple formazan in the mitochondria of living cells.  This reduction takes 

place only when mitochondrial reductase enzymes are active, and therefore conversion 

can be directly related to the number of living cells.  Mitochondrial dehydrogenases of 

viable cells cleave the tetrazolium ring, yielding purple formazan crystals that are 

insoluble in aqueous solutions. A solubilization solution is added to dissolve the insoluble 
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purple formazan product into a colored solution.  The absorbance of the resulting purple 

solution is quantified by spectrophotometrically measuring a certain wavelength (usually 

between 500 and 600nm) (Collection, 2001; Walter and Provost; SIGMA) 

Chemicals 

 Thiazolyl Blue Tetrazolium Bromide (SIGMA catalog No. M5655) 

 MTT solubilization Solution (10% Triton X-100 plus 0.1 N HCl in anhydrous 

isopropanol (SIGMA catalog No. M8910) 

Glassware 

 Pipettes 

 Sterile Pipette Tips 

 96-welled plates 

Equipment 

 Microtiter plate reader (BioTek ELx8000) with 690- and 562nm filters  

 Inverted microscope 

 Incubator (37
o
C, 5% CO

2
, 95% humidity) 

 Refrigerator (4
o
C) 

 Hood 

Safety 

MTT dye solution is hazardous; avoid contact with skin and eyes.  MTT solvent is 

flammable and corrosive. 

Procedures 

 Make MTT solution to final concentration of 5mg MTT/mL of 1 X PBS 

o NOTE: MTT solution will be stable for 6 months @ -20
o
C and for less 

than 2 weeks at 2-8
o
C 
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 Make MTT solubilization Solution to 10% Triton X-100 plus 0.1 N HCl in 

anhydrous isopropanol 

o NOTE: when making MTT solubilization solution, heat Triton at 40-50
o
C 

before mixing due to stickiness of solution 

Determining Optical Cell Counts  

(Done only once per cell line) 

1. Using aseptic techniques trypsinized cells from flask following MCF7 cells 

culturing protocol; (above). 

2. Resuspend cells at 1 x 10
6
 per ml. 

3. Prepare serial dilutions of cells in culture medium from 1 x 10
6 
to 1 x 10

3
 cells per 

ml. 

4. Plate out, in triplicate, 100µl of the dilutions into wells of a 96-well plate. 

5. Include three control wells of medium alone to provide the blanks for absorbance 

readings. 

6. Incubate the cells under conditions appropriate for the cell line for 1 hour.   

7. Add 10 µl of MTT Reagent (equal to 10% of the total well volume) to each well, 

including blanks. 

8. Return plate to cell culture incubator for 2 (a purple precipitate will be clearly 

visible under the microscope after this incubation period). 

9. Add 100 µl of MTT Solubilization Solution (amount equal to the original total 

volume) to all wells, including blanks.  Swirl gently.  Incubate for 1 hour (after 

this incubation period, occasionally pipetting up and down may be required to 

finish completely dissolving the MTT formazan crystals). 

10. Remove plate cover and measure the absorbance in each well, including the 

blanks, at 562 nm and 690nm in a microplate reader. [Absorbance can be read 

with any filter in the wavelength range of 550-600 nm.  The reference wavelength 

should be higher than 650 nm.  The blanks should give values close to zero (+/- 

0.1).] 
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11. Determine the average value for the blank.  Plot absorbance against number of 

cells/ml.  The plot of data obtained should provide a curve with a linear portion.  

The optimal number of cells to use in your assay should fall within the linear 

portion of the plot and yield an absorbance of 0.75 – 1.25.  Then both stimulation 

and inhibition of cell proliferation can be measured. (For MCF7 cells, the optimal 

cell density was of 5 x 10
4
). 

Performing an Assay 

1. Using aseptic techniques, seed cells at 2.5x10
4
 and incubate for about 26 hours. 

a. Plate out, in quadruplicates, 100 µl of the dilutions into wells of a 96-well 

plate. 

b. The assay should include blank wells (in quadruplicates as well) 

containing medium only for each of the treatments and controls. 

2. Incubate the cells under conditions appropriate for the cell line for 24 hours (to 

recover from handling).   

3. Clean plate with 70% ethanol before placing it in the hood.  Aspirate phenol red 

containing medium and add corresponding volume of phenol red free medium for 

total volume of 100µL. 

4. Add treatments and controls to each well (treating the wells with the blanks as 

well). Incubate for 3 hours. 

5. Add 10 µl of MTT Reagent (equal to 10% of the balanced salt solution volume; 

so if using 100µL add 10µL) to each well, including controls. 

6. Return plate to cell culture incubator for 2 hours. 

7. Add 100 µl of MTT Solubilization Solution and incubate for 1 hour (after the 1 

hour incubation period, pipetting up and down may be necessary to finish 

dissolving the formazan crystals). 

8. Remove plate cover and measure the absorbance in each well, including the 

blanks, at 562nm and 690 nm in a microplate reader.  

9. Subtract the background absorbance (690nm) from the 562nm measurements. 

10. Interpret results 
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Data Interpretation 

Absorbance values that are lower than the control cells indicate a reduction in the rate of 

cell proliferation.  Conversely a higher absorbance rate indicates an increase in cell 

proliferation.  Rarely, an increase in proliferation may be offset by cell death; evidence of 

cell death may be inferred from morphological changes. 

Calculation 

Amount of MTT Reagent needed: 

 µl MTT Reagent needed = µl of medium used per well/10 

o Example: 250 µl of medium used/10 = 25 µl of MTT Reagent 

 MTT Reagent=5mg MTT/ml of 1 x PBS 

o Example: 10ml of 1 x PBS * 5mg MTT = 50mg MTT 

 MTT Solubilization solution = 10% Triton x-100 + 0.1N HCl in anhydrous 

isopropanol 

o Example:  

 Triton x-100: 50ml x 10% = 5ml 

 HCl: 12N HCl to 0.1N HCl 

 12X=(50ml/final volume) x (0.1/concentration)  

(mass/vol=conc.) 

 5/12=0.4167ml which = 416.7µL 

 2-propanol conc.: 50mL – 0.416mL=44.58mL 

 Final concentrations = 44.58 mL isopropanol, 5mL triton, and 

0.416 mL HCL (12N) 

 

EGCG Cellular Uptake 

Chemicals 

 0.05% Formic Acid 

 EC Internal Standard 
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 Methanol 

 0.5N NaOH 

 1XPBS 

 Deionized Water 

 BCA
TM

 Protein Assay Kit (Thermo Scientific # 23225) 

Glassware 

 2.5mL Tubes 

 Glass tubes appropriate for sonication 

 Scraper 

 HPLC vials 

 Pipettes 

Equipment 

 Vortex 

 Sonicator 

 Centrifuge 

 Water Bath 

 HPLC 

 Microplate reader with 562nm 

Safety 

 N/A 

Procedures 

EGCG Extraction 

 Using aseptic techniques, seed 6-well plate following MCF7 culturing protocol 

(above) and seed at 3x10
5
 cells per well and incubate for 24 hours. 
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 Before introducing plate into hood, clean with 70% ethanol.  Treat cells with the 

different treatments (EGCG, Lipo, CSLIPO, NLC, and CSNLC) and incubate for 

3 hours. 

 Label all the different set of tubes needed with the different treatment you had 

o Label two sets of HPLC vials 

o Label three sets of 2.5 mL tubes with caps appropriate for centrifugation 

o Label one set of glass test tubes appropriate for sonication 

 Clean plate with 70% ethanol before placing in it in hood.  Aspirate with pipette 

1mL of medium and add it to 2.5 mL tube with cap.  Centrifuge medium at 

11,500 rpm for 5 minutes.  Aspirate 200µL of supernatant and place it in labeled 

HPLC vials. 

o NOTE: if not reading on HPLC immediately freeze vials. 

 Aspirate the rest of the medium from 6-well plate and wash cells with 1mL of 

1XPBS (wash cells three times). 

 Add 150µL 0.05% Formic Acid.  Using a scraper, scrape cells (using a different 

scraper with each well). 

 Aspirate cell suspension with pipette and place it in test tube (NOTE: gently 

pipette up and down before aspirating cell suspension). 

 Add 25µL internal standard (EC) to each tube 

 Add 150µL methanol (100%) to each tube 

 Vortex (about 5 seconds each tube). 

 Sonicate each tube for 15 seconds; do this twice for each tube.  (DO NOT let 

probe touch the tube). 

 Rinse the wall of each tube and using a pipette, place cell suspension into a 2.5mL 

tubes for centrifugation. 

 Centrifuge at 14,000 rpm for 5 minutes 

 Take 200µL supernatant and place in HPLC vials (if not reading immediately, 

freeze vials). 
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 Take the rest of the supernatant and place it in the third set of labeled 2.5mL 

tubes. (NOTE: Make sure to count how much supernatant was left, be as exact as 

possible). 

 Leave cell pellet to dry overnight (leave caps off). 

 To read EGCG on HPLC inject 25µl per injection and do not add any mobile 

phase to your sample. 

 

Protein Measurement 

 Add 1ml of 0.5 NaOH to each tube with the dry pellet 

 Vortex each tube for about 10 seconds 

 Leave for 24 to 48 hours 

 Pipette 10µL of each standard (from kit; in a serial of dilutions) or  unknown 

(from pellet with NaOH) into a 96-well plate (in triplicates) 

o NOTE: leave three wells for your blank 

 Add 200µL of Working Reagent (from kit in a 50:1 ratio) to each well and mix 

plate thoroughly. 

 Cover plate and incubate in water bath at 37
o
C for 30 minutes. 

 Cool plate to room temperature (make sure there is no water in the bottom of the 

96-well plate) 

 Measure absorbance at 562 nm in microplate reader. 

Data Interpretation 

 Do standard curve using the ODs for the standard averages 

 Plug in OD of the unknown into the standard curve equation and calculate the 

value 

 Divide the total cellular EGCG amount by the total cellular protein to get cellular 

EGCG. 
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Calculation 

0.05% Formic Acid Preparation 

 Add 100µL 5% formic acid to 9.9mL deionized water 

EC Internal Standard 

 To a concentration of 1mg/mL: add 0.001g EC to 1mL of 0.05% Formic Acid 

NaOH 

 Weigh 2g of NaOH and mix it with 50mL of deionized water to get 1N NaOH. 

(To get 0.5 NaOH just take the 1N NaOH and do a two time dilution). 

Working Reagent 

 Calculate how much working reagent you need and make it to a ratio of 50:1 

o If you have 10 well you would need 2000µL  

o Add 2000µL reagent A and 40µL reagent B 

Standard Serial Dilution 

 The kit comes with a 2,000µg/mL and we need to make a serial of dilutions from 

this 

o 1,000 µg/mL add500 µL of the 2,000 µg/mL sample to 500 µL NaOH 

o 500 µg/mL add500 µL of the 1,000 µg/mL sample to 500 µL NaOH 

o 250 µg/mL add500 µL of the 500 µg/mL sample to 500 µL NaOH 

o 125 µg/mL add500 µL of the 250 µg/mL sample to 500 µL NaOH 

o 50 µg/mL add10 µL of the 500 µg/mL sample to 900 µL NaOH 

o 25 µg/mL add500 µL of the 50 µg/mL sample to 500 µL NaOH 

o 12.5 µg/mL add500 µL of the 25 µg/mL sample to 500 µL NaOH 

o 6.25 µg/mL add500 µL of the 12.5 µg/mL sample to 500 µL NaOH 

 

TUNEL Assay 

The DeadEnd
TM

 Colorimetric TUNEL System from Promega will be used in this 

experiment for the detection of apoptosis.  The DeadEnd
TM

 Colorimetric TUNEL System 

is an accurate and rapid method for the detection of apoptotic cells in situ at the single-

cell level.  The system is used to assay apoptotic cell death by measuring nuclear DNA 

fragmentation.  The DeadEnd
TM

 Colorimetric TUNEL System end-labels the fragmented 
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DNA of apoptotic cells using a modified TUNEL assay.  Biotinylated nucleotide is 

incorporated at the 3’-OH DNA ends using the Terminal Deoxynucleotidyl Transferase, 

Recombinant, (rTdT) enzyme.  Horseradish peroxidase-labeled streptavidin (Streptavidin 

HRP) is then bound to these biotinylated nucleotides, which are detected using the 

peroxidase substrate, hydrogen peroxide, and the stable chromogen, diaminobenzidine 

(DAB).  Using this procedure, apoptotic nuclei are stained dark brown ("Technical 

Bulletin; DeadEnd
TM

 Colorimetric TUNEL System," 2009). 

Products 

 DeadEnd
TM

 Colorimetric TUNEL System 

o Equilibration Buffer 

o Biotinylated Nucleotide Mix (2 X 20µl) 

o Terminal Deocynucleotidyl Transferase, Recombinant 

o SSC, 20X (to make 2X SSC dilute 20X SSC 1:10 with deionized water 

before use) 

o Proteinase K 

 Reconstitute the protein K in 1ml of proteinase K buffer (100mM 

Tris-HCL (pH 8.0) and 50mM EDTA) before use.  Store aliquots 

of this reconstituted 10mg/ml Proteinase K solution at -20
o
C, 

where the enzyme is stable for at least 6 months. 

o Streptavidin HRP 

o DAB 20X Chromogen 

o DAB Substrate 20X Buffer 

o Hydrogen Peroxide 20X 

Chemicals 

 Phosphate Buffered Saline (PBS) 

 0.3% hydrogen peroxide for blocking endogenous peroxidases 
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 Fixative (e.g. 10% buffer formalin, 4% paraformaldehyde, 4% methanol-free 

formaldehyde) 

 Mounting Medium (e.g. 100% glycerol (SIGMA Cat.# G9012 Glycerol ≥99%) or 

Permount® Mounting Medium (Fisher Cat.# SP15-100). 

 Poly-L-Lysine (SIGMA Cat.# P 8920, diluted 1:10 in water) 

 0.2% tryton® X-100 solution in PBS 

 DNase (e.g., RQ1 Rnase-free DNase, (Promega Cat.# M6101) 

 DNase buffer (40mM Tris-HCL (pH7.9), 10mM NaCl, 6mM MgCl2, and 10mM 

CaCl2) 

 Proteinase K buffer (100mM Tris-HCl and 50mM EDTA). 

 4% paraformaldehyde solution or 10% buffered formalin 

o For 4% paraformaldehyde weigh out 4g paraformaldehyde in a fume 

hood, add PBS and bring to 100ml.  Dissolve by heating the closed bottle 

in a water bath at 65
o
C for 2 hours.  Store the solution at 4

o
C, where it is 

stable for at least 2 weeks. 

NOTE: do not use the Hydrogen Peroxide 20X provided with the kit to prepare the 0.3% 

hydrogen peroxide solution for blocking endogenous peroxidases. 

Glassware 

 8 chamber microscope slides with lid 

 Pipettes 

Equipment 

 Humidified Chambers for microscope slides 

 37
o
C incubator 

 Microscope (Olympus Bx50 with Nikon digital camera model #DXm1200) 

 Act1 software 
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Storage Conditions 

 Store the Equilibration Buffer, rTdT Enzyme, Biotinylated Nucleotide Mix and 

Proteinase K at -20
o
C.  Store the Streptavidin HRP, DAB 20X Chromogen, DAB 

Substrate 20X Buffer and Hydrogen Peroxide 20X at 4
o
C.  Store the 20X SSC 

and plastic Coverslips at room temperature. 

Safety 

 The equilibration buffer contains potassium cacodylate (dimethylarsinic acid).  

Avoid contact with skin and eyes. Wear gloves and safety glasses when working 

with this reagent. 

 DAB is a suspected carcinogen. Wear gloves and safety glasses when working 

with this reagent. 

Procedures 

Preparation of Cells on Slides 

 Using aseptic techniques, seed cells at 2.5x10
4
 and incubate for 24hours. 

 Treat cells with volume needed to make 10µM in 200µL. Incubate for 3 hours. 

Apoptosis Detection 

1. Clean slide with 70% ethanol before introducing it into the hood.  Aspirate 

medium from each chamber and fix cells by adding 200µL 10% buffered 

formalin, and leave at room temperature for 25 minutes. 

2. Aspirate and wash twice by adding 200µL of 1xPBS for 5 minutes each time. 

 NOTE: After completion of Step 2, slides may be stored in PBS at 4
o
C or 

in 70% ethanol at -20
o
C for a week.  

3. Aspirate 1XPBS and permeabilize cells by adding to each chamber 0.2% 

Triton®X-100 solution in PBS; leave for 5 minutes at room temperature. 

4. Wash slides twice by adding 100µL fresh 1XPBS for 5 minutes each time at room 

temperature. 
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5. Aspirate and add 100µl of Equilibrium Buffer.  Equilibrate at room temperature 

for 5-10 minutes. 

6. While equilibrating, thaw the Biotinylated Nucleotide Mix on ice and prepare 

sufficient rTdT reaction mix for all experimental and control reactions (look at 

calculations).  Keep on ice.  100µL of reaction mix per slide will adequately cover 

the section. 

7. Aspirate and add 100µl of rTdT reaction mix to each chamber.  Do not allow the 

sections to dry completely.   

8. Ensure even distribution of the reagent and incubate the slides at 37
o
C for 60 

minutes inside humidified chamber to allow the end-labeling reaction to occur. 

9. Dilute the 20XSSC1:10 in deionized water.  Remove from incubator and 

terminate the reactions by aspirating and then adding 200µL 2XSSC in each 

chamber; leave at room temperature for 15 minutes. 

 Ensure that all salts of the 20XSSC are in solution form before diluting. 

10. Clean slide with 70% ethanol before introducing it into the hood.  Wash each 

chamber by adding three times fresh 1XPBS for 5 minutes each time at room 

temperature.  (This is to remove unincorporated biotinylated nucleotides). 

11. Aspirate 1XPBS and block the endogenous peroxidases by adding 200µL 0.3% 

hydrogen peroxide in PBS for 3 to 5 minutes at room temperature. 

12. Wash by adding three times 1XPBS for 5 minutes each time at room temperature. 

13. Dilute the Streptavidin HRP solution 1:500 in PBS.  Add 100µl to each chamber 

and incubate for 30 minutes at room temperature. 

14. Wash by adding 200µL 1XPBS three times for 5 minutes each time at room 

temperature. 

15. Combine the DAB components just prior to use.  Add 50µl of DAB Substrate 

20X Buffer to 950µl deionized water.  Then add 50µl of hydrogen Peroxide 20X.  

Add 100µl of DAB solution to each chamber and develop until there is a light 

brown background (typically approximately 10 minutes).  

 Do not allow the background to become too dark. 

 Keep the DAB solution away from light and use within 30 minutes. 
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16. Wash by immersing slides several times in fresh deionized water. 

17. Mount slides by adding 200 µL 100% glycerol which is used as the aqueous 

mounting (in this mounting system, the slides can be stored at either 4
o
C or -20

o
C 

for a few weeks to a month.  At 1-2 months or greater you may begin to see some 

leaching of the DAB substrate into the glycerol causing a light brown color to the 

whole field when viewing, and perhaps slightly diffuse staining of the stained 

apoptotic cells themselves). 

18. Observe staining with a light microscope. 

Procedure for DNase Treatment for Positive Controls 

1. Follow steps 1 through 4 as described above.  

2. Add 100µL of DNase I buffer (40mM Tris-HCL, pH 7.9; 10mM NaCl; 6mM 

MgCl2; 10mM CaCl2) to the fixed cells and incubate at room temperature for 5 

minutes. 

3. Aspirate and add 100 µL of DNase I buffer containing 5-10 unit/ml of DNase I 

(using RQ1 RNase-free DNase from PROMEGA cat#M6101).  Incubate for 10 

minutes at room temperature. 

4. Aspirate and 200 µL deionized water to each chamber three to four times. 

5. Wash by adding 200 µL 1xPBS twice for 5 minutes each time at room 

temperature. 

6. Process the positive control as described above, steps 5 through 18. 

Data Interpretation 

Apoptotic cells will look brown.  Count brown cells versus non-stained cells and report 

results in percentage basis. 
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Calculations 

Preparation of rTdT Reaction Mix 

Buffer 

Component 

Component 

Volume per 

Standard 100µl 

Reaction 

 Number of Reactions 

(Experimental reactions + 

Optional Positive Controls) 

 Component 

Volume 

Equilibration 

Buffer 

98µl X _____ = _____µl 

Biotinylated 

Nucleotide 

Mix 

1µl X _____ = _____µl 

rTdT Enzyme 1µl X _____ = _____µl 

For negative controls: prepare a control incubation buffer without rTdT Enzyme by 

combining 98µl of Equilibration Buffer, 1µl of Biotinylated Nucleotide Mix and 1µl of 

autocleaved, deionized water. 

Statistical Analysis 

The Statistical Package for the Social Sciences (SPSS) and Microsoft Excel were 

used to compare the data.  Analysis of Variance (ANOVA) was used to see if there was 

any difference between groups on some variable.  Levene’s test was used to test if any of 

the assumptions of ANOVA where violated (if the variances are significantly different); 

if Levene’s test was significant then Tukey’s, Games-Howell, or Fisher’s Least 

Significant Different tests (methods that do not rely on the assumption of equal 

variances) were used for the Post Hoc.  Paired student’s t-tests were performed on the 

data to compare the means of two paired treatments.  Significance was reported at the 

p<0.05 level and any greater significance level was noted. 
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CHAPTER IV 

RESULTS 

Nanoparticle Information 

 Nanoparticle size, polydispersity, and zeta potential were measured using 

“zetapals”.  Nanoparticle size was measured as “efficient diameter” in nanometers.  

Polydispersity measured the particles of various sizes in the dispersed phase of a disperse 

system; a larger number means a larger range (for the purpose of this experiment, the 

smaller the number, the better).  Zeta potential provided the information on the charge of 

the nanoparticle (positive or negative) and this was indicated by + or – symbols.  The 

number in the measurement indicated how strong the charge is.  For the purpose of this 

experiment, the higher the number, the better since a smaller number means a weak 

charge that is not strong enough to keep the nanoparticles apart, thus allowing a higher 

probability of the nanoparticles merging to form a larger nanoparticle.  The tables below 

show the average size, polydispersity, and zeta potential for each nanoparticle used in the 

three different experiments.  Table 1 represents the results for the experiment which tests 

all nanoparticles; Table 2 indicates the results for the dose dependent experiment; and 

Table 3 presenting the results for the TUNEL assay. 

Table 1 Nanoparticle sizing and zeta potential results for MTT assay at 10µM for all 

nanoparticles 
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Table 2 Nanoparticle sizing and zeta potential results for MTT assay for dose dependent 

experiments 

 

Table 1 Nanoparticle sizing and zeta potential results for TUNEL assay experiments 

 

 From the results of all the nanoparticles, the nanoparticle with the smallest 

average diameter was V.Lipo (42.6nm±0.4), while the nanoparticle with the largest 

diameter was V.CSLIPO (203.1nm±7.1).  The nanoparticle with the smallest 

polydispersity was NLC (0.161±0.008), while the nanoparticle with the largest 

polydispersity was V.CSLIPO (0.405±0.004).  The nanoparticle with the largest zeta 

potential was CSLIPO (31.48±1.39), while the nanoparticle with the smallest zeta 

potential was Lipo (0.92±1.72).  Note that for all the nanoparticles except for V.Lipo, the 

charge on the nanoparticle is positive (only V.Lipo has a negative charge). 

Cell Viability 

 As stated before, the first set of experiments was performed to determine whether 

one of the four different nanoparticles (Lipo, CSLipo, NLC, or CSNLC) or the 

nonencapsulated EGCG had a higher antiproliferative effect on MCF 7 cells.  For this 

experiment 1XPBS and the void nanoparticles were chosen as the negative control and 

EGCG as the positive control.  Using paired student’s t-test, significant difference was 

found between CSLIPO and V.CSLIPO (p=0.013) 1XPBS and CSLIPO (p=0.018), 
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CSLIPO and LIPO (p=0.005) and 1XPBS and EGCG (p=0.019). Figure 6 represents the 

antiproliferative effect on MCF 7cells after treatment with all the different nanoparticles 

or non-encapsulated EGCG (orange represents 1XPBS, purple represents void 

nanoparticles, blue represents EGCG and green represents nanoparticles).  Figure 6 was 

separated to represent the effects on cell proliferation of nanostructured lipid carriers 

(represented in Figure 7) and nanoliposomes (represented in Figure 8). 

 

Figure 6 Effect of EGCG encapsulated nanoparticles on MCF 7 cell post three hour 

treatment of 1XPBS, EGCG, EGCG encapsulated chitosan coated nanoliposomes 

(CSLIPO), EGCG encapsulated chitosan coated nanostructured lipid carriers (CSNLC), 

EGCG encapsulated nanoliposomes (LIPO), EGCG encapsulated nanostructured lipid 

carriers (NLC), and void CSLIPO (V.CSLIPO), void CSNLC (V.CSNLC), void LIPO 

(V.LIPO), and void NLC (V.NLC).  The concentration of native EGCG and encapsulated 

EGCG was 10µM.  Cell proliferation was measured by MTT assay.  Results came from 

three independent experiments.  Values are ± S.D. One way ANOVA followed by Tukey’s 

post hoc test was performed for multiple comparisons.  *p<0.05, **p<0.01. 
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Figure 7 Effect of NLC and CSNLC on MCF 7 cell viability post three hour treatment with 

1XPBS, EGCG, and different NLC.  The concentration of native EGCG and encapsulated 

EGCG was 10µM.  Cell proliferation was measured by MTT assay. Results came from 

three independent experiments.  Values are mean ± S.D. One way ANOVA followed by 

Tukey’s post hoc test was performed for multiple comparisons. 

 

Figure 8 Effect of LIPO and CSLIPO on MCF 7cell viability post three hour treatment with 

1XPBS, EGCG, and different nanoliposomes.  The concentration of native EGCG and 

encapsulated EGCG was 10µM.  Cell proliferation was measured by MTT assay. Results 

came from three independent experiments.  Values are mean ± S.D. One way ANOVA 
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followed by Tukey’s post hoc test was performed for multiple comparisons. *p<0.05, 

**p<0.001. 

 Comparing the nanoparticles to their void counterpart by using two tail student t-

tests, a significant difference was found between CSLipo and V.CSLipo at the level of 

p<0.01 (p value of 0.0013).  It is important to note that for this comparison, there were 

more samples for CSLipo and V.CSLipo, thus the n was larger than for all other 

nanoparticles. No significant difference was found in the other nanoparticles (Figure 9).  

In this figures, blue represents the treatment and purple represent the control. 

 

Figure 9 Effect of paired treatments on MCF 7 cell proliferation post three hour treatment 

with EGCG encapsulated or void nanoparticles.  The concentration of native EGCG and 

encapsulated EGCG was 10µM.  Cell proliferation was measured by MTT assay.  Results 

came from three independent experiments.  Values are mean ± S.D.  Paired student’s t-test 

was performed for comparison of two group means.  **p<0.01. 
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 Comparing the effect of the nanoparticles to that of the positive control (EGCG) 

using paired student’s t-test, a significant difference was found between EGCG and 

CSLIPO (p=0.0026) but not with any of the other nanoparticles.  CSLipo, being the 

nanoparticle with the highest antiproliferative effect, had 40% less cells than EGCG after 

treatment.  CSNLC, being the nanoparticle with the least antiproliferative effect, had 30% 

more cells than EGCG after treatment (Figure 10). 

 

Figure 10 Effect of EGCG encapsulated nanoparticles on MCF 7 cell viability post three 

hour treatment with EGCG and different EGCG encapsulated nanoparticles for three 

hours.  The concentration f native EGCG and encapsulated EGCG was 10µM.  Cell 

proliferation was measured by MTT assay.  Results came from three independent 

experiments.  Values are mean ± S.D.  One way ANOVA followed by Tukey’s post hoc test 

was performed for multiple comparisons.  **p<0.01. 

 Based on these results, CSLIPO was chosen for the dose dependent experiment 

since it was the nanoparticle with the highest antiproliferative effects on MCF 7 cells. 

Dose Dependent Experiment Based on MTT Assay 

 The second set of experiments was done to determine which dose had the highest 
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(10µM, 2.5µM, and 0.6µM) to 1XPBS using Tukey’s Test as the Post Hoc no significant 

difference was found.  When comparing the different doses of CSLIPO (10µM, 2.5µM, 

and 0.6µM) to V.CSLIPO using Tukey’s HSD Test as the Post Hoc a significant 

difference was found between V.CSLIPO and CSLIPO at a dose of 10µM (p=0.024) and 

V.CSLIPO and CSLIPO at a dose of 2.5µM (p=0.031).  When comparing CSLIPO and 

EGCG at the different doses using Tukey’s HSD Test a significant difference was found 

between EGCG and CSLIPO at a dose of 10µM (p=0.008; p<0.01), and EGCG and 

CSLIPO at a dose of 2.5µM (p=0.019). 

Comparing only the total number of cells post-treatment, CSLipo shows the highest 

antiproliferative effects starting with 10µM, followed by 2.5µM and then by 0.6µM.  

EGCG 10µM showed the least antiproliferative effects.  Figure 11 shows the different 

number of cells post treatment.  In this figure the two negative controls (1XPBS and 

V.CSLIPO) are represented with the color orange and purple, green represents CSLIPO 

at different doses and blue represents EGCG at different doses. 

 

Figure 11 Comparative effect of different concentrations of native EGCG and EGCG 

encapsulated in CSLIPO on MCF cell viability post three hour treatment with different 

concentrations of EGCG and EGCG encapsulated CSLIPO.  Cell proliferation was 

measured by MTT assay.  Results come from three independent experiments.  Values are 
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mean ± S.D. One way ANOVA followed by Tukey’s post hoc test was performed for 

multiple comparisons.  *p<0.05, **p<0.01 

The dose dependent effects of CSLIPO (Figure 12) and EGCG (Figure 13) with their 

control by pairing CSLIPO with V.CSLIPO and 1XPBS with EGCG were measured separately.  

There was no significant difference found between 1XPBS and EGCG while a significant 

difference was found when comparing V.CSLIPO with CSLIPO at 10µM and 2.5µM (calculated 

with Tukey’s HSD Test).   

 

Figure 12 Dose dependent effects of CSLIPO on viability of MCF 7 cells post three hour 

treatment with different concentrations of CSLIPO (treatment) and V.CSLIPO (control).  

Cell proliferation was measured by MTT assay.  Results came from three independent 

experiments.  Values are mean ± S.D.  One way ANOVA followed by Tukey’s post hoc test 

was performed for multiple comparisons.  *p<0.05, **p<0.01. 
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Figure 13 Dose dependent effects of EGCG on viability of MCF 7 cells post three hour 

treatment with different concentrations of EGCG (treatment) and 1XPBS (control).  Cell 

proliferation was measured by MTT assay.  Results came from three independent 

experiments.  Values are mean ± S.D.  One way ANOVA followed by Tukey’s post hoc test 

was performed for multiple comparisons.  

 Comparing these results to 1XPBS with paired student’s t-test, no significant 

difference was found with any of the EGCG doses.  EGCG 10µM is the only treatment 

dose that shows a higher number of cells compared to that of 1XPBS.  Figure 14 

illustrates the difference between the number of cells after treatment compared to 1XPBS 

(this number was found by subtracting the average number of cells of each treatment 

from 1XPBS). 
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Figure 14 Comparative effect of different concentrations of native EGCG and 1XPBS on 

MCF cell viability post three hour treatment with different concentrations of EGCG.  MCF 

7 cell proliferation was measured by MTT assay.  Results come from three independent 

experiments.  Values are mean ± S.D. Paired student’s t-test was performed for comparison 

of two group means.  **p<0.01. 

 Comparing the results to V.CSLIPO, CSLIPO 10µM showed a significant 

difference (p=0.001) in the reduction of proliferation on MCF 7 cells.  Although all the 

other treatments showed a reduction on cell proliferation, there was no significant 

difference found.  Figure 15 illustrates the difference between the number of cells after 

three hours of treatment compared to the void nanoparticle (this number was found by 

subtracting the average number of cells of each treatment from V.CSLipo). 
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Figure 15 Comparative effect of different concentrations of CSLIPO and V.CSLIPO on 

MCF cell viability post three hour treatment with different concentrations of EGCG.  MCF 

7 cell proliferation was measured by MTT assay.  Results come from three independent 

experiments.  Values are mean ± S.D. Paired student’s t-test was performed for comparison 

of two group means.  **p<0.01. 

 For the dose dependent experiment, a Pearson’s correlation was measured for the 

different doses for CSLIPO (0.6µM, 2.5µM, and 10µM).  For the different CSLIPO 

doses, a negative linear relation was found with r=-0.99168 [meaning that the scores on 

the x-axis (µM concentration) are highly associated with the score on the y-axis (number 

of cells)] and a highly significance was found with p value <0.001.  Figure 16 illustrates 

the linear relationship between these two variables. 
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Figure 16 Pearson's r for dose dependent experiments for the different CSLIPO on cell 

viability of MCF 7 cells post three hour treatment with different concentrations of EGCG 

encapsulated CSLIPO.  Cell proliferation was measured by MTT assay.  Results came from 

three independent experiments.  Values are mean ± S.D.  Pearson’s r was calculated.  SPSS 

regression test was performed.  R=-0.99168, p<0.001 (highly significant). 

IC50 

 IC50 was done for the dose dependent treatments.  The IC50 for each treatment 

was determined based on the results from three different days in the dose dependent 

experiment.  IC50 was calculated based on a standard curve calculated with the three 

different concentrations for each treatment.  The total number of cells for V.CSLipo and 

1XPBS was divided by two to get the 50% value of the total number of cells.  The results 

for IC50 were calculated based on the comparison of CSLipo to V.CSLipo and EGCG to 

1XPBS.  The average IC50 for CSLipo was 13, meaning that 13µM are needed to stop 

50% of the proliferation.  The average IC50 for EGCG was 38, meaning that 38µM are 

needed to stop 50% of the proliferation.  The results show that we need on average 25µM 

less CSLipo than EGCG to see 50% of proliferation stopped.  Running student’s t-test 

between these two results, no significant difference was found (p=0.734).  Figure 18 

illustrates the different µM concentrations needed to achieve 50% of proliferation 

reduction. 
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Figure 17 IC50 of CSLIPO and EGCG for MCF 7 cell viability.  MCF 7 cells were treated 

with different concentration of native EGCG and EGCG encapsulated CSLIPO for three 

hours.  Cell proliferation was measured by MTT assay.  Results came from three 

independent experiments.  IC50 was calculated for each standard curve.  Values are mean ± 

S.D.  Paired student’s t-test was performed for comparison of the two group means. 

Apoptosis Based on the TUNEL Assay 

 The TUNEL Assay was performed to assess the apoptotic effect of the different 

treatments.  A dose of 10µM was used for each treatment and DNase was used for the 

apoptotic control.  The stained cells (via the TUNEL Assay) were seen in an Olympus 

BX50 microscope and photographed with the Nikon Digital Camera (model #Dxm1200) 

attached to the microscope.  Act1 software was used to turn the pictures into jpeg format. 

A photograph randomly selected for each treatment is shown bellow in Figure 18. 
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Figure 18 Representative apoptotic image from each group, brown color denotes apoptotic 

cells.  MCF 7 cell were treated with 1XPBS (negative control), DNase (positive control), 

native EGCG, LIPO, CSLIPO, and VCSLIPO for three hours.  The concentration of native 

EGCG and encapsulated EGCG was 10µM.  Apoptosis was measured with TUNEL assay.  

Results came from three independent experiments. 

 Five pictures were taken for each treatment or control and the area for dead and 

alive cells was calculated using Image j software.  The average for all treatments was 

calculated and the percentage of apoptotic versus non-apoptotic cells was calculated.  The 

highest percentage difference between alive and dead cells was seen in DNase followed 

by CSLipo and Lipo, thus these treatments have the highest apoptotic effect.  EGCG had 

practically no Effect followed by V.CSLipo and 1XPBS.  Table 4 and Figures 19 to 24 

represent these results. 
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Table 2 Percentage Comparison, Dead versus Alive Cells 

 

 

Figure 19 Pie graph representation of percent difference between apoptotic and non-

apoptotic MCF 7 cells after three-hour treatment with 1XPBS.  Apoptosis was measured 

with TUNEL assay.  Results came from three independent experiments. 
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Figure 20 Pie graph representation of percent difference between apoptotic and non-

apoptotic MCF 7 cells after three-hour treatment with 10µM CSLIPO.  Apoptosis was 

measured with TUNEL assay.  Results came from three independent experiments. 
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Figure 21 Pie graph representation of percent difference between apoptotic and non-

apoptotic MCF 7 cells after three-hour treatment with DNase.  Apoptosis was measured 

with TUNEL assay.  Results came from three independent experiments. 
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Figure 22 Pie graph representation of percent difference between apoptotic and non-

apoptotic MCF 7 cells after three-hour treatment with 10µM EGCG.  Apoptosis was 

measured with TUNEL assay.  Results came from three independent experiments. 
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Figure 23 Pie graph representation of percent difference between apoptotic and non-

apoptotic MCF 7 cells after three-hour treatment with 10µM LIPO.  Apoptosis was 

measured with TUNEL assay.  Results came from three independent experiments. 
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Figure 24 Pie graph representation of percent difference between apoptotic and non-

apoptotic MCF 7 cells after three-hour treatment with V.CSLIPO.  Apoptosis was 

measured with TUNEL assay.  Results came from three independent experiments. 

 For the TUNEL assay, three different groups of measurements were utilized to 

calculate these results, percentage difference between total number of cells, percent non-

apoptotic cells, and percent apoptotic cells.  Since the p value for ANOVA for all groups 

was significantly different (all p<0.025), for the post hoc Fisher’s least significant 

difference was used to calculate these results.    In the “percentage difference between 

total number of cells” group, a significant difference was found between DNase and 

1XPBS (p=0.006), CSLIPO and 1XPBS (p=0.033), DNase and 1XPBS (p=0.009), 

CSLIPO and EGCG (p=0.047), DNase and V.CSLIPO (p=0.006) and CSLIPO and 

V.CSLIPO (p=0.033).  In the “percent non-apoptotic cells” group, a significant difference 

was found between DNase and 1XPBS (p=0.006), CSLIPO and 1XPBS (p=0.032), 

DNase and EGCG (0.009), CSLIPO and EGCG (p=0.046), DNase and V.CSLIPO 

(p=0.006) and CSLIPO and V.CSLIPO (p=0.032).  In the “percent apoptotic cells” group, 

a significant difference was found between DNase and 1XPBS (p=0.006), CSLIPO and 

1XPBS (p=0.032), DNase and EGCG (0.009), CSLIPO and EGCG (p=0.046), DNase 
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and V.CSLIPO (p=0.006) and CSLIPO and V.CSLIPO (p=0.032).  Figure 25 represents 

the results for the percentage difference between apoptotic and non-apoptotic MCF 7 

cells (the sum of both percentages should be 100%). 

 

Figure 25 Apoptotic effect of EGCG encapsulated nanoparticles on MCF 7 cells.  MCF 7 

cells were treated with 1XPBS (negative control), DNase (positive control), native EGCG, 

LIPO, CSLIPO, and VCSLIPO for three hours.  The concentration of native EGCG and 

encapsulated EGCG was 10µM.  Apoptosis was measured with TUNEL assay.  Results 

came from three independent experiments. *p<0.05, **p<0.01. 

 

EGCG Uptake 

EGCG Uptake results are inconclusive.  EGCG uptake experiments were done on 

various occasions (with a few changes after a few experiments to decrease the dilution of 

EGCG within the sample). The results were not consistent and most of the time the 

EGCG peak obtained from the HPLC machine were too small, and thus out of the 

standard curve done to calculate concentration.  
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CHAPTER V 

DISCUSSION OF RESULTS 

 The study of EGCG as an anticancer agent has increased significantly in the past 

few years, due in part to EGCG’s positive effects seen in in vitro studies.  Additionally, 

epidemiological studies have also had positive results relating EGCG to cancer.  The 

results from this in vitro study correlate with past data, showing that EGCG has 

antiproliferative and apoptotic effects on breast cancer (specifically on estrogen receptor 

positive MCF 7 breast cancer cells). 

It is important to consider that the treatment time for this experiment was three 

hours (due to the fast degradation of native EGCG at cell culture conditions). The effect 

that CSLipo and other treatments have at other amount of times with other concentrations 

should also be considered in the future for the determination of the treatment 

concentration and treatment time that will have the highest effects. 

 It is vital to note that low concentrations used in this experiment were selected to 

achieve humanly feasible absorption, although 10µM concentrations are still higher than 

what it has been seen in past experiments looking at EGCG absorption by humans.  There 

may be concentrations that may have higher effects at the cellular level but then these 

doses would not be humanly feasible.  For the results on IC50 it is important to note that 

the IC50 is just an estimate since the results are higher concentrations than those used for 

our experiment and thus, the concentrations fall outside of our standard curve. 

Since this is the first study of this kind, there is no data on nanoparticle effects on 

MCF 7 cells to be compared.  For native EGCG, there have been many studies and they 

have demonstrated that native EGCG has antiproliferative and apoptotic effects on MCF7 

cells(Bigelow & Cardelli, 2006).  Most studies have indicated that EGCG works best at 

different concentrations (most studies suggesting concentrations around 50µM).  The 

difference with the IC50 found in this study is probably due to the low concentrations 

used on this experiment (never going up to 50µM).  One study performed on MCF7 cells, 
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which looked at the difference in treatment concentration, found that treatment with 

lower concentrations of EGCG (10–50μM) directly increased intracellular oxidative 

stress, while higher concentrations (100–400μM) did not (Punathil et al., 2008).  The 

IC50 for native EGCG on this study was within the concentrations the study mentioned 

had the positive effects (IC50 for this study was of 30µM).  

As stated before, the results for EGCG uptake are inconclusive.  This may be due 

to many different factors.  One such factor is that EGCG is rather stable in the acidic pH 

(range of 2.0-5.5), but in neutral pH (which are the normal cell culture conditions), 

EGCG is easily autooxidized.  One study showed that EGCG is not sable under cell 

culture conditions and that >90% of EGCG disappeared within one hour.  This same 

study also showed that after the addition of EGCG to the medium, hydrogen peroxide 

formation was readily observed at fifteen minutes (13µM) and approached a peak of 

about 25µM hydrogen peroxide at two hours (measured by HPLC) (Hong et al., 2002).  

This study suggest that EGCG may be transformed into other compounds (such as 

hydrogen peroxide) which are not being read in the EGCG uptake and may be critical to 

understanding the amount of EGCG uptake by cells. Another factor may be that due to 

the instability of EGCG it could be rapidly degraded or metabolized through interactions 

with the hydroxyl groups on the phenol rings and these changes are not being read on the 

HPLC machine (Landis-Piwowar et al., 2007).  Yet another factor may be that once 

EGCG (including nanoencapsulated EGCG) enters the cell it changes into methylated 

metabolites and glucuronides (L. Chen et al., 1997) which are not being read or taken into 

consideration for the total uptake of EGCG.  In the same way, there may be many other 

factors that we are being taken into consideration which may result in the inconsistency 

of the EGCG uptake results. 
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CHAPTER VI 

IMPLICATIONS 

 With this study, preliminary data has been found which suggest CSLipo is the 

most effective nanoparticle for treating MCF 7 cells, with concentration of 10µM being 

more significant.  Numerous potential mechanisms have been proposed for the cancer 

preventive activity EGCG offers.  It has been proven by many studies that EGCG inhibits 

the growth (proliferation) and induces cell cycle arrest (apoptosis) in MCF 7 cells lines; 

the relative importance of any of these mechanisms in vivo remains to be determined.  

Studies that follow this research can focus on ways nanoencapsulated EGCG affect or 

intersect different pathways relevant to breast cancer (like p53 dependent pathway).  

These finding will be important for the design of safer preventive and suppressive 

strategies against breast cancer.  

One of the biggest problems when trying to determine EGCG’s effect in vivo is 

that most previous studies have a relatively high concentration, which is not achievable 

by humans.  The present study provides a benchmark for future studies with humanly 

feasible concentrations.  It has been shown here that with nanoparticles, the concentration 

needed to see antiproliferative and apoptotic effect is about three times lower than that 

needed for the nonencapsulated nanoparticle. 

 Nanoparticles have also been shown to be more stable than EGCG under cell 

culture conditions; this may also mean that nanoparticles may be more stable in human 

physiological conditions.  The present study may also lead to further research on the 

nanoemulsification of EGCG, and other high molecular weight molecules, to see the 

effect this process has on the bioavailability and stability of molecules. 

 

As stated before, and as with any study made on cells, it is necessary to research 

further the actual effect this treatment will have on humans. This research may lead to 

similar studies which investigate which nanoparticle works best on different kinds of 

cancer and at what doses; the difference is that instead of investigating the effect the 
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treatment will have on cultured cell lines, the investigations will be done on animals and 

then humans. 
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CHAPTER VII 

LIMITATIONS 

 The biggest limitation in this study is that which comes with every cell culture 

study, being that cells studies cannot tell us what will happen when a treatment is given 

to humans.  Although in cell culturing processes attempt to achieve normal cell 

conditions, cells are not in their normal physiological or original environment, and are 

missing vital factors such as blood circulation, hormones and other factors that also play 

a vital role in the proliferation and apoptosis of cancer cells. Thus, the conclusions of 

these studies are limited to MCF 7 cell cultures. 

 Another drawback in this study is that we did not use a healthy counterpart cell 

line for the MCF 7 cells.  Without using a normal breast cell line, we are not able to 

conclude if this treatment will have a negative effect (or any type of effect) on the healthy 

cell line.   

 An additional limitation in this study was that the number of experiments 

performed, which were too low.  A higher number of experiments would provide us with 

more solid conclusions.   

 With regards to the IC50 experiment, it is important to note that it was calculated 

based on a concentration of 10µM, and neither result was within the standard curve.  

Having concentrations higher than 10µ (so that the IC50 could fall within the standard 

curve) should be implemented in future studies to have an actual IC50 instead of a rough 

estimate.  For the concentration of the positive control (EGCG) it would be of benefit to 

run IC50 prior to the other experiments.  Once the IC50 is obtained, it would be 

beneficial to use the IC50 concentration for EGCG as the treatment concentration to have 

an accurate comparison. 

 A limitation related to the TUNEL assay was that we just had one staining and so 

only the average area of apoptotic or living cells was measured.  Counterstaining the cells 

with either Hemotoxylin or Methyl Green after performing the TUNEL and using a 
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fluorescence microscope to be able to count the exact number of cells might increase the 

validity of these results. 
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CHAPTER VIII 

CONCLUSIONS 

While the number of experiments was too low to draw any concrete conclusions 

on the proliferative effect of nanoparticles on MCF 7 cells, the data clearly indicates that 

CSLIPO at a dose of 10µM significantly reduces the number of MCF 7 cells after a three 

hour treatment.  One can infer that the treatment of CSLIPO at a dose of 10µM may have 

antiproliferative effects on MCF 7 cells as the control groups (1XPBS and V.CSLIPO) 

and other treatments (EGCG, LIPO, NLC, or CSNLC) had no significant decrease in the 

number of cells in the MTT assay.   

 The number of experiments for apoptosis was also too low to draw any concrete 

conclusions on the effect the treatments have on apoptosis of MCF 7 cells; nevertheless, 

the data clearly indicates that CSLIPO at a dose of 10µM had a positive effect on 

apoptosis of the cancer cell line used.  It can be deduce that the treatment of CSLIPO at a 

dose of 10µM may have apoptotic effects on MCF 7 cells since a difference can be seen 

between the number of living cells versus dead cells with the control groups (V.CSLIPO 

and 1XPBS) as measured by the TUNEL assay.  It is important to note that the results for 

this experiment are just an estimate since we measured the area of dead versus living 

cells instead of the exact number of cells.  For future studies, it may be beneficial to use 

counterstaining of cells with either Hemotoxylin or Methyl Green and using a 

fluorescence microscope to be able to count the exact number of cells 
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