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ABSTRACT

Background

Metallic nanocarriers belong to a class of nanocarriers having strong anticancerous activity through
the generation of ROS and by the induction of oxidative stress in the targeted cells. They are widely
used in diagnostics, therapeutic and pharmaceutical industries. Studies showed that ZnONPs have

potential anticancerous, antimicrobial, anti-inflammatory and anti-angiogenesis activities.

Methods

ZnO-NPs were chemically synthesized by wet chemical precipitation method using zinc nitrate tetra
hydrate and NaOH as precursor. Tamoxifen (Tam), a widely used chemotherapeutic drug for breast
cancer, is conjugated with zincoxide nanoparticles and further coated with the polymer poly ethyl
glycol (PEG), to enhance their therapeutic efficacy, better solubility, biocompatibility and increases
its retention time. The final product (PEG-Tam-ZnONPs) is delivered to MCF-7 breast cancer cells.
The antioxidant, hemolytic activity and invitro stability was tested through DPPH, hemolytic assay
and salt, temperature and pH testing. The morphology and characteristics of the ZnONPs, Tam-
ZnONP’s and PEG-Tam-ZnO were investigated by UV, XRD, SEM, EDX and FTIR.

Results

The characterization techniques confirm the synthesis of ZnONPs and drug conjugation. Cytotoxicity
evaluation of PEG-Tam-ZnONPs Tam-ZnONPs and ZnONPs showed that PEG-Tam-ZnONPs have
improved and better anticancerous activity than its counterparts. The hemolytic assay confirmed that
the PEG-Tam-ZnONPs has less hemolytic and clotting activity than tamoxifen when used alone.
PEG-Tam-ZnONPs exposed cells generate more reactive oxygen species and free hydroxyl radical
when compared to ZnONPs, Tam- ZnONPs. The current study suggests that nanoparticle coated drug
formulation can contribute to the development of a suitable anticancer drug delivery system in the

nearby future.

Keywords: Zincoxide nanoparticles (ZnONPs), Tamoxifen (Tam), Polyethyl glycol (PEG)



CHAPTER 1
INTRODUCTION

1.1 Breast Cancer

Breast cancer (BC) is most commonly diagnosed cancer types with the leading morbidity and
mortality rate among the women worldwide. It’s the second most common cause of death among
the women, with nearly 1.7 million newly diagnosed cases and annually causing approximately
40,000 deaths worldwide (Siegel et al., 2013). The risk of developing breast cancer increases
with age, approximately 1 in every 9 women (>50 years). Breast cancer cells mainly have three
types of receptors: estrogen (ER) and progesterone receptors, HER-2+ receptor and triple
negative breast cancer. Estrogen and progesterone can be treated with hormonal therapy or the
drugs targeting the mutated hormones while HER2+ cancer cells type respond well to drugs such
as the monoclonal antibody trastuzumab. Another breast cancer type lacking all three types of
receptor (estrogen receptors, progesterone receptors, or HER2) are called triple-negative,
although they frequently express androgen and prolactin receptors (Plevova et al., 2009).
Although over the past few decades, there have been significant advances in breast cancer
treatment; still current therapeutic approaches are limited by multi drug resistance, non-specific
systemic distribution and inadequate drug concentrations reaching the targeted site. Due to non-
specific distribution system in the body, large quantity of chemotherapeutic drug administration
is required. Patients undergoing breast cancer chemotherapy experience some serious treatment
related adverse toxicities such as nausea, vomiting, fatigue, anorexia, weight gain, head ache,
menopausal problems, ovarian infertility and nonspecific targeting, effecting both healthy cells
and cancerous and at the same time. Therefore to minimizes or eliminates the side effects by
these chemotherapeutic drugs there is a necessity of an effective approach for specific targeted
drug delivery system (Banu et al., 2015). The limitations relating to chemotherapy can be
overcome by the application of nanotechnology. The enhanced surface properties of
nanoparticles not only helps in easy diffusion inside the tumor cells but also delivers an
increased concentration of drug selectively inside the tumor cells with significantly reduced

toxicity (Varadharajaperumal, Subramanian, & Santhanam, 2017).
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1.2 Metallic Nanoparticles as nanomedicines

Metallic nanoparticle, with their greater stability, small size, high surface properties, non-
cytotoxicity and biocompatibility has been extensively used in biomedical applications. They are
being prominently used in medicine, biosensors, prophylaxis, and targeted drug delivery system.
Among these metallic nanocarriers, ZnONPs with their unique properties have acquired
tremendous interest in cancer drug delivery. Zinc as an essential trace element and the main
component of various enzyme systems, takes part in body’s metabolism and have an important
role in proteins and nucleic acid synthesis, hematopoiesis, and neurogenesis (Khalil, Al-
Qunaibit, Al-zahem, & Labis, 2014). Nano-ZnO, with their small particle size, makes zinc more
easily absorbed by the body and provides some exciting opportunities in targeted drug delivery
system for much more safety and effective cancer treatment. Nanoparticle-based drug delivery
system effectively targets the specific sites of cancer cells which could reduce the overall drug
dosage used and thus minimizes the undesirable side effects (VickyV Mody, Siwale, Singh, &
Mody, 2010). Compared with other nanomaterials, ZnONPs have got more attraction due to their
high degree cancer cell selectivity, low toxicity and biodegradable characteristics. They could
preferentially serve as a foundation for developing novel cancer therapeutics as they actively
targets the rapidly proliferating cancerous cells.

Tamoxifen (TMX) is widely used hormonal treatment for all the stages of breast cancer and has
been approved for the prevention and treatment of breast cancer in high-risk patients (Thakkar
& Mehta, 2011). It is selective estrogen receptor modulator (SERM) and depending upon its
target, it has both estrogenic (bones, liver, lungs) and antiestrogenic (mammary epithelium and
brain cells) properties at the same time. However, tamoxifen normally induces dose-dependent
side effects such as, retinopathy, severe depression, corneal opacities and increased blood
clotting (Teft, Mansell, & Kim, 2011).In this study, TMX has been formulated in nanoparticulate
carrier systems and further coated with synthetic polymer PEG, to overcome the disadvantages
of chemotherapeutic drug. In addition, cytotoxicity, cell viability, hemolytic and antioxidant
activity of the nanoformulate were studied to evaluate their effectiveness in drug delivery

systems.



1.3 Phase 1- Synthesis of ZnONPs, Drug Conjugation &Coating with PEG and
Characterization of the prepared samples:

This research has been divided into two phases; in the first phase, our research focus on the
chemical synthesis of nanoparticles and drug conjugation. For this approach, zincoxide
nanoparticles were chemically synthesized by the conventional, wet chemical precipitation
method and tamoxifen was loaded on the surface of zincoxide particles. To make the prepared
suspension biologically more compatible and to prevent it from opsonization and for better
solubility, Tam-ZnO was coated with PEG. The prepared samples were then characterized for

size, shape, structure determination and to find the purity of the prepared sample.

1.4 Phase 11- Cell Cytotoxicity Assays:

In the 11 Phase of the study, the effect of nanoformulation PEG-Tam-ZnO and commercially
available chemotherapeutic drug Tamoxifen alone were compared for efficient anticancerous
activity on MCF-7 cell lines. The invitro stability of nanoconjugates was investigated through
pH, salt and temperature testing to evaluate the potential of chemically synthesized nanoparticle.
The antioxidant activity and the presence of free hydroxyl radicals produced by PEG-Tam-ZnO
were confirmed through DPPH assay. Nanoconjugates showed more hemocompatibility (caused
less than 7 % Hemolysis) and enhanced biological activity as compared to parent drug and the

amount of drug required for its activity were reduced.

1.5 Aim

To investigate the anticancerous and therapeutic efficacy of chemically synthesized ZnONPs,
PEG-Tam-ZnO on MCF-7 breast cancer cell lines.

Objectives
» Chemical synthesis of ZnONPs , drug loading and coating with PEG.
» Characterization of the synthesized nanoparticles.

®» To analyses the therapeutic efficacy through MTT Assay, antioxidant, hemocompatibility
assays and invitro and invivo stability testing.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Breast cancer is the most commonly diagnosed cancers in women with approximately worldwide
1.7 million new cases. It is still the most significant cancer-related cause of female mortality but
despite of high incidence rate 5-year survival rate is nearly 90% in Western and developed
Asian countries(Banu et al., 2015). Although, earlier cancer diagnosis and improvements in
treatment have reduced breast cancer mortality but young age is still a risk factor for poorer
survival (McGuire, 2016).Tumor markers identification, expression profile of cytokeratin
positive cells from bone marrow, gene amplifications and mutations confirms their malignant
nature. Breast cancer cells mainly have three types of receptors: HER-2 receptors, estrogen (ER)
and progesterone receptors, and triple negative breast cancer type. HER2+ type breast cancers
are generally considered more aggressive than HER2- breast cancers (Stephens et al., 2012), but
HER2+ cancer cells respond well to drugs such as the monoclonal antibody trastuzumab (in
combination with conventional chemotherapy), and resulted in improved and significant the
prognosis significantly (Romond et al., 2015). ER+ cancer cells can be treated with drugs to
block estrogen effects as they require estrogen for their growth. (e.g tamoxifen), and generally
shows improved prognosis. Cells that do not have any of these three receptor types (estrogen
receptors, progesterone receptors, or HER2) are called triple-negative, although they frequently
express hormonal receptors, such as androgen and prolactin receptor(Stuckey & Onstad, 2015).
Amongst the current fighting strategies for breast cancer treatment and management,
chemotherapy plays a vital role. Chemotherapeutic agents like cyclophosphamide, tamoxifen,
methotrexate, docetaxel, doxorubicin and fluorouracil can be used alone or in combination with
other treatments as in adjuvant therapy or neo-adjuvant therapy (Plevova et al., 2009).

Infiltrating ductal breast tumors, the most frequent histological type of breast cancer with

estrogen receptors (ERS) representing nearly 65% of cases among women diagnosed before
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menopause and 80% among postmenopausal patients (Anderson, Chatterjee, Ershler, & Brawley,
2012). Almost 75% of women diagnosed with ER-positive breast cancer are in postmenopausal
stage, representing approximately three-quarters of cases in this subtype of breast cancer
(Economopoulou, Dimitriadis, & Psyrri, 2015).

According to the American Cancer Society’s 2014 report: an estimated 235,030 new cases of
breast cancer are being diagnosed annually, worldwide and among them approximately 15-20%
of these cases are likely to be hereditary (Stuckey & Onstad, 2015). It may be due to the
amplification or alteration in oncogenes or due to the mutations in tumor suppressor genes
(TSGs). Among these inherited cases, most of these attributed cases are due to the defects in the
BRCAL and 2 genes. The altered oncogenes genes involve in uncontrolled cell growth and
proliferation are: HER2, RAS, and the ER genes, c-MYC while tumor suppressor genes include
RB, TP53, and PTEN. Several cellular pathways are also involved in uncontrolled cell growth
and proliferation of breast cells, such as the MAPK, RB/E2F, P13K/AKT/mTOR, and TP53
regulated by various genes (Peng et al., 2011). The studies on HER2 amplification and
overexpression shows the importance of molecular biology in therapeutics, as today specific
antibodies against Her2 are designed to treat breast cancer (Slamon et al., 2001). P53 is most
also frequently mutated gene accounting for ¥ of breast tumors and its germ-line mutations are

linked to the Li-Fraumeni syndrome (LFS) (Economopoulou et al., 2015).

2.2 Tamoxifen

Tamoxifen is nonsteroidal triphenylethylene derivative prodrug, efficiently targeting the estrogen
receptor. It is used both for the treatment and prevention of breast cancer. It is also used as
adjuvant or additional therapy following primary treatment for early stage breast cancer and for
advanced metastatic breast cancer for many years. Being a prodrug, tamoxifen extensively
undergoes the metabolism by an efficient enzymes family cytochrome P450, namely CYP2D6
and CYP3A4 and form an active metabolite afimoxifene (4-hydroxytamoxifen; 4-OHT) and
endoxifene (N-desmethyl-4-hydroxytamoxifen),inside the body(Hoskins, Carey, & McLeod,
2010).
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Figure 2.1: Structure of Tamoxifen and its active metabolites (Endoxifen, 4-hydroxy-
tamoxifen, N-desmethyltamoxifen)

Depending on the targeted tissues, tamoxifen has both estrogenic and anti-estrogenic actions.
Tamoxifen has strong antiestrogenic activity on mammary epithelium, where it blocks the
growth factor proteins such as ErbB2/ HER2. After the drug administration,4-OHT (tamoxifen
analog) binds to ER particularly in the tumor cells, producing a nuclear complex that inhibits
estrogen effects by preventing the DNA synthesis (Martinez, Benito-Miguel, Iglesias, Teijon, &
Blanco, 2012). Tamoxifen arrests the cell cycle and causes cells to remain in the Goand
Giphases. Proestrogenic action of tamoxifen in bone matter provides the signals required for
bone maintenance by mimicking the effects of estrogen on bone, preventing the osteoclasts and

reduces the risk of osteoporosis in menopausal women (Higgins & Stearns, 2009).
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Figure 2.2: Mechanism of action of Tamoxifen

TMX as an estrogen-agonist, likely to increases the chance of developing endometrial cancer
among other side effects (Hurtado et al., 2008).Moreover, retinopathy, blood clotting and
atherosclerosis and low water solubility, limits the use of this drug. To overcome these issues,
the development of nanocarrier holding the require drug is the need of time. The nanocarriers
with their increased water solubility, permeability and extremely small size, have an easy access
to the leaky vasculatures of tissues. ER-positive tumors that has initially responded to
antiestrogen therapy develops resistance after long term therapy with tamoxifen (Facades, 2014).
This type of tamoxifen resistance may result in tamoxifen-dependent/stimulated growth or
tamoxifen-nonresponsive while still expressing ER. However, all these side effects are time and
dose-dependent(Cui et al., 2010). Therefore, for efficient delivery of TMX the use of
biologically compatible targeted nanocarrier that provides maximal pharmacological effects with

minimal inadvertent side effect is the need of time.

2.3 Nanotechnology

Nanotechnology a combination of science and engineering refers to materials, with the size in
the range of 10-250nm.Nanoparticles because of their extremely small size and unique bulk
properties have got a great importance from the last few decades. Their extremely small size

7



helps in forming a bridge between the large bulk molecules and the small entities at an atomic
and molecular level (Jokerst, Lobovkina, Zare, & Gambhir, 2011). These nanosized particles
have strong communications with the cell surface biomolecules that can be decoded to various
biochemical and physiochemical properties of the cell (VickyV Mody et al., 2010). The literature
showed that these nanostructures have significant toxicity that not only kill the cancerous cells
but also provide protection against cancer (Wahab et al., 2013.) Nanomedicine offers various
advantages over conventional pharmaceutical agents, due to potential application in drug
delivery system and noninvasive imaging. Nanomedicine also have strong ability to cross the
biological barriers, increased biocompatibility, effective hydrophobic drugs delivery mechanism,
and preferentially site specificity.(Vicky V Mody, Nounou, & Bikram, 2009). Moreover,
nanoparticles due to their large surface-to-volume ratio, provides the surface to attach multiple
copies of therapeutic substance on their surface and in this way increase the concentration of
therapeutic substances at the pathological site. For specific targeting, conjugating nanoparticle
with an appropriate ligand system to recognize the targeted cells such as cancer cells, results in
specific binding with the target cells. During whole process of nanoparticles conjugation with
ligand, the control in particle size (i-e in the range of 10- 80nm) , increases the chance of easy
entry into the targeted cells, provide veil against reticuloendothelial system and also increases
the retention time (Bao, Shi, & Xiang, 2012).

2.4 Metallic Nanocarriers

Metallic nanoparticles such as iron, copper, zinc, gold and silver, due to their great physical and
chemical properties have been continuously used in diagnostic and therapeutic agent for many
years (Rasmussen, Martinez, Louka, & Wingett, 2010). Metallic nanoparticle particularly ZnO
nanoparticle (ZNP), has grown to be the most promising nanomaterials due to their
multifunctional application. Currently zinc is one of the five compounds which are recognized as
safe for humanly use by US Food and Drug Administration (21CFR182.8991) (Chivukula,
Ciplys, Shur, & Dutta, 2010). ZnO nanoparticles with their unique therapeutic properties exhibit
strong ultraviolet emission with the band gap of 3-37 and binding energy of 60 meV. It has wide
applications in cosmetics, medicine, drug delivery, biosensors, electrodes, solar cells and in

catalysis (Jiang, Pi, & Cai, 2018). ZnO is potentially a biocompatible metal oxide and various



monitoring process, its properties could be tailored such as by controlling their synthesis
parameters, size, shape, pH, temperature, solvent type and conjugating different drugs with
nanoparticles to increase their efficiency (Mishra et al., 2012). Morphologically different
nanostructures of ZnO such as nanorods, nanosphere, nanotubes, nanowires and nanoneedles
have been successfully synthesized and their functions and actions varied accordingly (Yahya et
al., 2010).

Cancer is an uncontrolled division and differentiation of normal cells and during the past several
decades several treatment modalities has been designed including chemotherapy, radiation, and
surgery against it(Sam et al., 2014). Although all these therapies have an effective role in cancer
cell destruction and damage, still they lack site specificity and have poor water retention property
along with other side effects. Now a day’s nanomedicine-mediated therapies due to their active
targeting mechanism, high solubility/bioavailability, biocompatibility, and multifunctionality are
extensively used in drug delivery. Studies have shown that ZnO NPs have strong anticancerous
activity among several metallic nanoparticles and induces strong cytotoxic effect by increased
oxidative stress through the generation of reactive oxygen species (ROS),decreased
mitochondrial membrane potential (MPT) and increased intracellular [Ca2+] level
(Moghimipour et al., 2018). Mitochondrial electron transport chain is strongly associated with
the increased generation of ROS thus disrupting the mitochondrial integrity and damaged the
membrane structures (Stowe & Camara, 2009). As a result of mitochondrial dysfunction, redox
balance system of the cell eventually compromised and eventually causes severe damage to
intracellular macromolecules, especially DNA, disrupting the cellular balance by the loss of
protein integrity and ultimately resulted in apoptosis (Bai, Zhang, Zhang, Huang, & Gurunathan,
2017).The loss of mitochondrial membrane potential (MPT) causes the exposure of cytochrome
c protein into the cytosol causing the activation of caspases.

ZnONPs have an ability to induce various pro inflammatory protein markers including 1L-12,
tumor necrosis factor-a, interferon-c, in blood mononuclear cells. It also causes the activation of
pro apoptotic proteins, causing the down regulation of Bcl-2 and up regulation of PARP,
caspases cascades, the DNA fragmentation in human breast, fibroblasts and neural cells through
mitochondrial apoptotic pathway activation (Palit, Kar, Sharma, & Das, 2015). ZnONPs triggers
the induction of mitochondrial apoptotic pathway which has powerful cytotoxicity against MCF-

7 breast cancer cells, probably, more than cell cycle arrest. They induce apoptosis through both



extrinsic and intrinsic pathways causing the up regulation of pro apoptotic genes p21, p53, JNK,
and Bax and down regulation of anti-apoptotic genes Bcl-2, AKT1, and JERK/2. The up
regulated pro apoptotic genes and down regulated anti apoptotic genes Bcl-2, AKT1, and
ERK1/2 regulated in dose-dependent manner in MCF-7 cells and arrests the cell cycle in the
G2/M phase and(Gupta, Bhargava, & Bahadur, 2014). To show better solubility, higher toxicity
compared with individual agents and effective delivery into cancer cells, different
chemotherapeutic drugs like doxorubicin, tamoxifen, paclitaxel, curcumin, could be loaded onto
the ZnO NPs (Jiang et al., 2018).

Autophagy is a catabolic process activated as a response to different cellular stresses like
damaged organelles, presence of any anticancer agents, ROS generation or protein aggregation.
The extension of autophagy and cellular self-consumption may resulted in excessive cellular
damage leading to cell death through apoptosis mechanism (Hackenberg et al., 2014). Hence,
autophagy is considered as an important event in nanoparticle-induced cytotoxicity that not only
promotes cell survival but also activates lethal mechanisms in cancer cells.

Although currently several anticancer chemotherapies are available, still they fail to produce a
considerable anticancer response due to drug resistance or their failure of effective differentiation
between cancerous and normal cells, and large quantity of drug administration (Heidari Majd et
al., 2013). ZnONPs having unique anticancerous activity exhibit a high degree of cancer cell
selectivity and preferentially targets the rapidly dividing cancerous cells, which could serve as a
foundation for developing novel cancer therapeutics. Up to now, TMX has been formulated in
nanoparticulate carrier systems using synthetic polymer PEG. The main objective is the
optimization of the PEG coated TMX-loaded ZnONPs for the validation of cytotoxicity effect on
MCF-7 cell lines. In addition, cell viability the hemolytic and antioxidant effect of the system
was studied to evaluate their effectiveness in drug delivery systems.
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CHAPTER 3
MATERIALS AND METHODS

3.1 CHEMICALS AND REAGENTS

Zinc nitrate tetra hydrate [Zn(NO3) 2.4H20], sodium hydroxide (NaOH), poly ethyl glycol
(PEG- 6000) and ethanol were purchased from Sigma Aldrich. Tamoxifen (Tam) was used as
drug. Deionized water and ethanol was used throughout the experiment. Shimatzu UV-Vis 1800
spectrophotometer was used for recording UV-Vis spectra.

3.2 SYNTHESIS OF ZINCOXIDE NANOPARTICLES:

Zinc oxide nanoparticles were chemically synthesized by wet chemical precipitation method.
For this purpose, an ethanolic solution of 0.5 M zinc nitrate tetra hydrate [Zn(NO3)2.4H20] and
0.9M sodium hydroxide (NaOH) were made separately. Both the solutions were kept under
constant magnetic stirring for complete dissolution, for 1 hour. After complete mixing, 0.5M
zinc nitrate solution was added into the NaOH solution drop wise and the solution was stirred
vigorously for 2 hours. The solution was then covered and left overnight, so that the precipitates
settled at the bottom. The supernatant was removed next morning, and the suspension was
centrifugated at 6000 rpms for 10 mins. Again, the supernatant was removed, and particles were
collected, which were then washed with ethanol and distilled water thrice to remove the
impurities bound with the particles. The particles were dried for 4 hours in an oven at 60 °C.
After complete drying, zinc hydroxide Zn(OH)2 was totally converted into whitish precipitates
of zinc oxide (ZnO) (Zhang, Ram, Stefanakos, & Goswami, 2012).

11



3.3 INVITRO STABILITY STUDIES

3.3.1 Salt effect

To check the effect of higher concentration of NaCl on ZnO nanoparticles, 3 different salt
concentrations (2M, 3M, 5M) were prepared. For this purpose, 2ml of the zincoxide
nanoparticles solution was added into the 2ml salt solution with different molar concentrations.
The sample was kept at room temperature and its absorbance was recorded after different
intervals i-e after 24 hours, 48 hours, 72 hours, 1 week and 2 weeks respectively. The same
protocol was usef for other salt concentrations.

3.3.2 Heat effect
Heat effect on ZnO nanoparticles was studied by taking 10ml solution of ZnO nanoparticles in a
flask and heated it upto 100°C for 30 mins. The UV-vis spectrum of nanoparticle keeping at

room temperature and at 100°C was recorded and compared.

3.4 DRUG CONJUGATION WITH NANOPARTICLEAND PEG-6000 COATING

For drug loading into zinc oxide nanoparticles, 10% Tamoxifen was dissolved in 100ml of
distilled water .1g of sonicated ZnO NP’s were added to the drug solution. The solution was then
kept under constant stirring for 1 hour and was left undisturbed overnight. The next morning,
suspension was centrifugated at 5000rpm for 5 mins separating the supernatant and precipitates.
The amount of loaded drug was calculated by difference in original drug concentration and
amount of drug in supernatant/ pallet (Palanikumar, Ramasamy, Hariharan, & Balachandran,
2013).

For poly ethyl glycol (PEG) coating, 5% PEG stock solution was prepared in distilled water.
0.125% i-e 2.5ml was taken out from original stock solution and 10mg of Tam-ZnONPs was

dissolved in final 200ml volume solution. After complete mixing, the solution was sonicated for
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1 hour to get homogenous solution of PEG-Tam-ZnONPs. The pH of the solution was adjusted at

7.2 (Girigoswami, Viswanathan, Murugesan, & Girigoswami, 2015).

3.5 CHARACTERIZATION

To determine different properties of ZnO, Tam-ZnO and PEG-Tam-ZnO, the samples must
undergo various characterization techniques. The results of these techniques give information

about the optical and structural properties of the samples.

3.5.1 UV-VIS Spectrophotometry
UV-Vis absorption spectroscopy is the most widely used technique for sample’s analysis. It
gives the absorption spectra in sample, when a beam of light passes through it. From the

reflected beam, the absorption spectra of the sample are measured.
A= -log(T)

UV spectroscopy obeys the Beer-Lambert law, according to that: The absorbance of the sample
is proportional to the molar concentration of the sample in the cuvette. The molar absorptivity
also known as the absorption value is used when comparing the spectra of different compounds.
The expression of Beer-Lambert law is:

A = log (lo/1) = Ecl

UV- Vis spectrophotometry is the first confirmatory test that confirms the synthesis of ZnO
nanoparticles. For this purpose, an ethanolic suspension of the ZnONP, Tam-ZnO and PEG-
Tam-ZnO were prepared. The instrument used was Jasco V-650 spectrophotometer in the range

0f200-600 nm range and samples were measured relative to pure ethanol.

3.5.2 Scanning Electron Microscopy (SEM)

In scanning electron microscopy, an electron beam is used for image production and

magnification of the object or sample unlike light or optical microscopes. The signals generated
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from the interactions of electron-sample reveal the information about the sample morphology

(texture), size and crystalline structure of the materials making up the sample.

For SEM analysis of the ZnONPs, S-4800 and EDX-350 (Horiba) FE-SEM (Hitachi, Tokyo,
Japan) were used. The samples were prepared in pure ethanol and were sonicated for complete
dispersion. For sample scanning, prior to FE-SEM analysis, the samples were dropped onto a
glass slide, fixed and were coated with osmium tetra oxide (OsO4) using a VD HPC-ISW
osmium coater (Tokyo, Japan). The average particle size was calculated using FE-SEM analysis
results and using Image J software and the size of approximately 50 nanoparticles were

measured. The particle size distribution graph was plotted to calculate the average particle size.

3.5.3 Energy- Dispersive X-ray (EDX)

Energy-dispersive X-ray (EDX) is a microanalysis technique complementary to SEM used to
determine the elemental composition of the sample in the SEM image. It works on the principle
that within the specimen, X-rays are generated by the electron beam emitting the characteristic
elemental energies, so, from this energy, not only the elements but their concentrations are
identified in the specimen.

3.5.4 X-ray Diffraction (XRD)

X-ray Diffraction (XRD) contain an X-ray generator (3 kW) and anode (LFF Cu) that measures
the patterns of the sample with an X-ray diffractometer (X’Pert-APD Philips, The Netherlands)
The Cu Ka radiation was administered at a wavelength of 1.54 A and the scanning angle varied

from 10° to 80° with the X-ray generator tension and current of 40 kV and 30 mA, respectively.

3.5.5 Fourier Transform Infrared Spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) is commonly used tool for functional group

detection in pure compounds, mixtures or their comparison. FTIR spectroscopy works on the
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principle that sample molecules absorb energy and vibrates with frequency known as resonating
frequency that exactly matches the frequencies of bonds or groups present. This type of
frequency absorption is detected, based on atomic masses, shape of energy surfaces and its
associated vibrionic coupling.

The FTIR analysis of the samples was done in powdered form.

3.6 CELL CYTOTOXITY ASSAYS:

Cell toxicity assays were performed to found out the cytotoxic effect of the prepared samples on
the cell. The cytotoxic effect of ZnO, Tam-ZnONP’s and PEG-Tam-ZnO were found out through

different assays:

3.6.1 MTT Assay

MTT assay is done to find out the effect of drug or chemicals on cells by the determination of
living and dead cells count. In MTT assay, sample groups were treated with different
concentrations (10, 15, 20, 25, 50, 100ug/ml) of PEG-Tam-ZnONPs and Tamoxifen alone while
the seventh group served as control respectively. The cytotoxic effect of both the groups was
compared. The samples were prepared by the serial dilutions of the stock solution 1mg/ml (all
the dilutions were done in deionized water). Cells were cultivated in 96 well plates and were

administered with drug in the following manner.

Serial no. Drug conc. (ug/ml) Time

1 Control (untreated) 24 hours
2 10 24 hours
3 15 24 hours
4 20 24 hours
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5 25 24 hours

6 50 24 hours

7 100 24 hours

Table 3.1 Sample groups of study for MTT assay

All the sample groups were cultured and treated in triplicate, for the accuracy of results. 10pL
MTT reagent was administered to the sample groups except the control group and was incubated
at 37°C for 24 hrs. The color change in MTT reagent corresponding to living or dead cells and

was detected at 570nm wavelength by spectrophotometer.
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Attachment of PEG-Tam- Cancer cell lines PEG-Tam-ZnO Drug loading in ZnO
Zn0O on MCF-7 cell lines nanoparticles
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Figure 3.1: Schematic representation of synthesis, attachment and interaction of PEG-

TAM-ZnO with MCF-7 Breast cancer cells.

3.6.2 DPPH

1-Diphenyl-2-picryl-hydrazyl (DPPH) possesses strong scavenging activity due to free radicals,

used to calculate the antioxidant activity of any compound. For this assay 0.5 mM DPPH

solution was prepared in ethanol and different concentrations (25, 50, 100, 150, 200,300 pg) of

PEG-Tam-ZnONPs were prepared. Ascorbic acid was used as a standard. DPPH solution due to

its high sensitivity towards light was kept in dark. The final volume of each of the sample was

kept at 1.5 ml by adding distilled water. The concentration composition of the different reaction

mixtures is given below:

Reaction DPPH solution PEG-Tam-ZnO Final volume
con.

1 500 ul 25 ug/ml (500 pl) | 1.50ml

2 500 pl 50 pg/ml (500 pl) | 1.50ml

3 500 wl 100 pg/ml (500 pl) | 1.50ml

4 500 pl 150 pg/ml (500 pl) | 1.50ml
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5 500 pl 200 pg/ml (500 pl) | 1.50ml

6 500 pl 300pg/ml (500 ) | 2.50ml

Table 3.2: Sample concentration for DPPH

The samples were kept in dark for 30-35 minutes for the reaction after mixing in required
proportions. The color of the sample changes from dark purple to light yellow, showing the
end of reaction. The samples were then observed through UV-VIS spectrophotometer at

517nm. The percentage of the antioxidant activity was calculated as:

% A. A= 100- [(Abs of sample) — (Abs of blank)/ Abs of control)]

3.6.3 Hemolytic Assay

To check the cytotoxic effect of Tamoxifen & PEG-Tam-ZnO on blood cells, the hemolytic assay
was carried out. For this purpose, 8ml blood was taken out from a healthy donor and mixed well
with 16ml PBS. The prepared sample was then centrifugated at 10,000 rpm for 10 min. The
supernatant was removed, and RBC’s were collected in the pallet, the collected RBC’s were
washed thrice with PBS at 10,00rpm and were diluted with PBS. The samples were prepared
with different concentrations (20, 40, 60, 80,100 pug/ml) using PBS as a solvent and 10ul RBC’s
solution was added to all the prepared samples. The samples were then incubated at 37 C for 1,
3, 5 hours. 0.5% Triton X-100 served as a positive control while PBS suspension of RBC’s was
taken as negative control. After complete incubation, the samples were vortexed and
centrifugated at 10,000 rpm for 5 mins. Supernatant collected from the samples were removed
and their absorbance was analyzed at 562nm. Positive and negative control shows 100% and 0%

absorbance respectively. The % hemolysis was calculated as:

Hemolysis (%) = Absorbance of sample — Absorbance of negative control /Absorbance of

positive control-Absorbance of negative control* 100
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CHAPTER 4
RESULTS

4.1 PHASE 1

4.1.1 UV-VIS ABSORPTION SPECTROSCOPY

The initial confirmation to check the synthesis of zincoxide nanoparticles, is through UV-VIS
spectroscopy. The spectrum range for ZnONPs was set at UV-VIS 250 to 600 nm, where it gave
a central absorption peak at 340nm, the characteristic peak for ZnONPs. Thus, the presence of

ZnONPs was confirmed in the sample. Following is the peak obtained.
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Figure 4.1: UV-VIS Absorption spectra of ZnONPs

The absorption spectra for Tamoxifen are 259 nm while ZnO showed surface Plasmon resonance
(SPR) peak at 340 nm. The SPR peak of zincoxide nanoparticles shifted from 340 nm to 315 nm
when conjugated with tamoxifen while PEG-Tam-ZnO show strong absorption peak at 300 nm.
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Figure 4.2: Absorption spectra of Tam- ZnONPs and PEG-Tam-ZnO

4.1.2 SCANNING ELECTRON MICROSCOPY (SEM)

Scanning Electron Microscopy was done to determine the particle size and morphology. JSM-
6490 SEM model was used. Ideally the particle size should range from 10-100nm. The average
particle size of these synthesized ZnONPs was 42nm which was calculated by ImageJ software.
SEM also determines the morphology of the sample which was found to be hexagonal.
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Figure4.3: SEM images ZNnONP& Tam-ZnONPs
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4.1.3Energy Dispersive X-ray (EDX)

Energy dispersive X-rays (EDX) is an x-rays technique used in combination with SEM,
determines the elemental composition of the sample by showing the % of the elements present in
the sample. Figure 1 shows the presence of Zn & O while table 1 shows percentages of its
components while figure 2 shows the elemental composition of drug loaded nanoparticle while
table 2 shows the percentage of tamoxifen loaded ZnO particles. EDX and XRD spectrum
confirmed the presence of highly purified ZnO and Tam-ZnO nanoparticles without any

impurity.

Spectrum2

Spectrum 2
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Figure 4.4: Elemental composition of ZnO, Tam-ZnO Nanoparticles
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Element | Weight% Atomic%

CK 4.83 17.34

OK 35.93 59.76

Zn K 59.24 22.90

Totals | 100.00

Table 4.1: % of Elemental composition of ZnO Nanoparticles

Element | Weight% Atomic%

CK 21.16 40.47
N K 9.60 10.69
OK 47.12 45.94

ZnK 22.12 2.89

Totals 100.00

Table 4.2: Elemental composition of Tam loaded ZnO nanoparticles
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4.1.4 X-ray Diffraction (XRD)

The crystalline nature and hexagonal zincite phase of synthesized ZnO nanoparticles are very
well demonstrated by XRD pattern (Fig. 4.5). The reflection lines of ZnO particles in hexagonal
zincite phase show peaks at (100), (002), (101), (102), (110), (103), (200), and (201). No
characteristic peaks of any impurities were found suggesting good-quality ZnO nanopowders.
The intensity of peaks reflects high degree crystallinity of the ZnONPs . The average crystallite
size of the ZnONPs was calculated from the XRD line broadening using the Scherrer

equation(Patra, Mitra, Debnath, Pramanik, & Goswami, 2014) .

B=0.931/BcosB

So, the average particle size was found to be 42 nm.
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Figure 4.5: X-ray diffraction pattern (XRD) demonstrates the crystalline nature of
ZnONPs

4.1.5 Fourier Transform Infrared Spectroscopy

Fourier Transform Infrared Spectroscopy (FTIR Analysis) is an analytical technique used to
identify the functional groups and chemical properties of any material through infrared

radiations. The FTIR analysis of the sample was done in powdered form. Synthesis of ZNONPs
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and successful tamoxifen conjugation with ZnONPs was confirmed by FTIR spectra (figure 4.6
a). ZNONPs shows characteristic peaks at 3400 cm—1, 1632 cm—1 and lower bands justified O—
H, C=0 (carbonyl) and Zn-O stretching, respectively. The peaks obtained in the region of 1400
cm—1 and 1462 cm—1 were due to O—H and N-H bending, although the amount of N-H group
was less (Patra et al., 2014).

The characteristics peaks of tamoxifen are present at 3441.29 cm—1(—OH), 1428.62 cm-1 (C-O—
C) and 1010.57 cm—1 (N—H) shows the (Figure 4.6 b). In comparison, the peak at 3441.29 cm—1
of tamoxifen loaded ZnONPs was much wider and broad than ZnONPs, indicating the stretching
of hydrogen bonds. The peak at 1632.78 cm—1 in ZnONPs was found to be shifted in tamoxifen
loaded ZnONPs with a peak at 1428.64 cm-1(Heidari Majd et al., 2013)
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Figure 4.6: (a) FTIR Spectra of ZnO & (b) Tam-ZnONPs _
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4.2 PHASE 11

4.2.1 INVITRO STABILITY STUDIES

The invitro stability of ZnO nanoparticles was tested through salt & temperature test. These tests
check the potential of nanoparticles for in vivo studies. For salt test, three different
concentrations (2M, 3M &5M) of the salt were prepared. For temperature testing, the samples
were viewed at room temperature and at 100 degrees after 24 hours, 48 hours, 72 hours, 1 week

and 2 weeks respectively.

4.2.2 Salt Test

Figure 4.11 showed the effect of various concentration of NaCl (2 - 4M) on SPR peak of
ZnONPs. For 24-48 hours, no effect on SPR peak of ZnONPs was noticed by increasing the
concentration of salt from 2M to 4M, but considerable decrease in Amax value was recorded due
to higher concentration of salt for longer time resulting in decreasing the stability of
nanoparticles. This absorbance value of the nanoparticles decrease is due to the aggregation of
chloride (CI-1) ions. The results showed that ZnONPs are more stable in water or ethanolic

solution than in salt solution, as far as long-term stability is concerned.
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Figure 4.7: Salt effect on the stability of ZnONPs at different intervals
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4.2.3 Temperature Test

Figure 4.12 showed the effect of temperature on SPR peak of ZnONPs. The results showed that
the effect of temperature on ZnO nanoparticles is negligible, with no shift in plasmon peak while

minute reduction in absorbance value. No signs of precipitation were observed.
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Figure 4.8: Effect of difference in temperature on the ZnONPs stability

4.3 DRUG LOADING EFFICIENCY

UV-Vis spectra of supernatant after the centrifugation of resuspended Tam-ZnO were found to
be 315 nm respectively (Figure 4.6). The SPR peak of supernatant from Tam-ZnO resembles the
SPR peak of Tam. Different molar concentration of Tamoxifen was prepared to determine the
amount of unbound drug removed in supernatant after centrifugation, and their UV-Vis spectra
were recorded. The SPR peak obtained was at 254 nm. The molar concentrations were plotted

against their absorbance values and the slope obtained was 6.735 (Figure 4.5B).

From the value of slope, we can determine the concentration of unbound drug present in the

supernatant.
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According to Lambert-Beer Law equation: A = EcL
So, according to this equation the amount of unbound drug removed from 13mg Tam-ZnO was
6.179mg. For calculating the % drug (Tam) loading in purified Tam-ZnONPs the equation used
was:
Drug loading (%)= Total amount of Drug - amount of Drug in supernatant /Total amount
of Drug * 100 (Muthukumar, Prabhavathi

From this equation the amount of tamoxifen bounded with ZnO was calculated to be 48.06 %.
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R? =0.9995 Tam-ZnONPs
0.8 3
0.7 2.5
0.6
2
0.5
815
0.4 <
03 1
0.2 0.5
0.1 0
0 200 300 400 500 600 700
0 0.05 0.1 0.15 wavelength

Figure 4.9: (a) Increase in absorbance value due to increase in concentration

(b) Absorption spectra of Tam loaded ZnONPs

4.4 CYTOTOXICITY ASSAYS

441 MTT Assay

MTT assay or cell viability assay was done to find out the count of living or dead cells in a
sample. The activity of nano formulation i-e PEG-Tam-ZnO was checked through MTT assay
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that determine the cell viability effect. Different drug concentrations were prepared for this
purpose and were studied on MCF-7 cell lines. The results showed that with increasing PEG
coated tamoxifen loaded ZnONPs concentration, the number of viable cells decreased. So, for
100pg concentration of the PEG-Tam-ZnO, the number of viable cells considerably decreased.
The results show that, by regulating the dose concentration, this drug formulation can be used for

cancer treatment in nearby future. Following results were obtained at the end of the assay.
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Figure 4.10: MTT assay for determination of cell viability. With increasing PEG-Tam-
ZnONPs concentration the number of viable cells considerably decreases

442 HEMOLYTIC ASSAY

Hemolytic assay gave the clear indication of the extent of toxicity caused by the synthesized
formulation on blood cells. For this purpose, various concentrations (1, 5, 10, 20, 50, 100, and
150 ug/mL) of tamoxifen and PEG-Tam-ZnONPs were tested on red blood cells quantitatively.
The results of hemolytic assay clearly indicate that PEG-Tam-ZnONPs are more
hemocompatible as compared to tamoxifen when used alone and hemolytic behavior of PEG-

Tam-ZnONPs increased gradually with increasing concentration So, the % hemolysis was found
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to be less than 7 % and the results indicate that these particles are more hemocompatible and

according to ISO/TR 7406 this ratio is considered as the safest value.
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Figure 4.11: Indicate the extent of hemolysis caused by Tam and PEG-Tam-ZnO. It shows

a significant difference in hemolysis % when ZnONPs were coated with Tamoxifen and

4.4.3 DPPH

PEG.

The antioxidant activity of the PEG-Tam-ZnO was checked through DPPH assay by preparing

its different concentrations. The reaction mixture was dark purple initially which then changes to

light yellow marking the end of the reaction. Ascorbic acid was used as a standard. As DPPH is

highly sensitive to light so, the experiment was carried out in dark room. At highest

concentration i-e 200ug/ml DPPH assay shows the maximum antioxidant activity.
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Antioxidant Activity of PEG-Tam-ZnO
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Figure 4.12: Antioxidant activity and its variation with different concentrations of samples

30



DISCUSSION

Zinc being an essential trace element and the main component of various enzyme systems, have
an important role in proteins and nucleic acid synthesis, metabolism, hematopoiesis, and
neurogenesis. The nano sized ZnO particles, helps in easy absorption of zinc by the body.
ZnONPs were chemically synthesized by wet chemical precipitation method under controlled
environmental condition using zinc nitrate tetra hydrate and sodium hydroxide as a precursor.
The low production cost, high homogeneity, easy synthesis and controlled delivery mechanism
are the main advantages for using chemical precipitation method. However, the surface effect of
nanoparticles prepared by chemical precipitation method, causes the particles to agglomerates
easily (Palanikumar et al., 2013). The whitish colored nano sized particles obtained were
characterized for their optical and nanostructural properties. UV-vis absorption spectroscopy, a
widely used technique to examine the optical properties of nanosized particles, shows an
absorption spectrum of ZnONP’s in the range of 300-380nm. The surface plasmon peak (SPK)
of UV-VIS spectroscopy confirms the synthesis of ZnO nanoparticles, showing absorption
spectra at 340nm. The average particle size was found to be 42 nm and was hexagonal in shape.
Current XRD results of synthesized ZnONPs confirmed their hexagonal zincite phase with
crystalline nature (Zhang et al., 2012). The XRD and EDX spectrum confirmed the presence of
highly purified, crystalline and face-centered cubic ZnO and Tam-ZnO structure. All these
characterization techniques confirmed the presence of pure zincoxide nanoparticles with the
optimized size and properties.

After conjugating tamoxifen with zincoxide nanoparticles and coating it with PEG, the cytotoxic
potential and cell viability (%) of the prepared samples were checked against MCF-7 breast
cancer cell line. The pegylated nanoparticles showed higher anticancer activity and the 1C50 for
PEG-Tam-ZnO was less than that Tamoxifen and Zincoxide (Suk, Xu, Kim, Hanes, & Ensign,
2016).The rate of cell viability significantly dependent upon both sample concentration and
culture time. The results of MTT assay showed that with increasing PEG-Tam-ZnO

concentration, the number of viable cells considerably decreases and significantly inhibit cell
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growth and induces cell death. The anticancer activity reveals the effect of efficient drug delivery

system mediated by pegylation and additional toxicity offered by incorporated zincoxide.

Several chemotherapeutic agents, radiations and cytokines induces apoptotic response by
triggering ROS generation through the increased oxidative stress in a cell. Present study also
shows that PEG-Tam-ZnO produces strong antioxidant response through the generation of ROS,
causing the activation of ASK-JNK pathway, disrupting the membrane potential and ultimately
resulted in apoptosis. Literature reported that PEG-TAM-ZnONPs have certain cytotoxicity in
cancer cells mainly due to higher intracellular release of dissolved zinc ions, followed by
increased ROS induction and induced cancer cell death via apoptosis signaling pathway (Palit et
al., 2015). Studies showed that Drug loaded ZnO NPs have been observed to have strong
cytotoxic effect against MCF-7 cells, mainly due to apoptosis more than cell cycle arrest. PEG-
TAM-ZnO NPs-induces apoptosis through extrinsic and intrinsic apoptotic pathways,
downregulation of antiapoptotic genes like Bcl-2, AKT1, and JERK/2 and up regulation of
proapoptotic genes like p21, p53, JNK, and Bax.

For this study we compare the cytotoxic effect of Tamoxifen and PEG-Tam-ZnO on blood cells.
Literature reported that biologically compatible polymer (PEG) coated zincoxide nanoparticles,
are assumed to be nontoxic due to their inherent nature. The results of hemolytic assay clearly
indicate that PEG-Tam-ZnONPs are more hemocompatible as compared to tamoxifen when used
alone. Hemolytic behavior of PEG-Tam-ZnONPs increased gradually with increasing the sample
concentration and their % hemolysis was found to be less than 7 %. According to ISO/TR 7406

this ratio is considered as the safest value and the particles are considered as hemocompatible.
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CONCLUSION

From the above experimental study carried out, it was concluded that zinc oxide nanoparticles
could be easily synthesized by chemical precipitation method, have strong cytotoxic and
potential effect on MCF-7 breast cell lines. For targeted drug delivery system, these nano
formulations act as a vector and are biologically more compatible, strong antioxidant and low
hemolytic activity as compared to drug when used alone. These nanoparticles increased the
expression of caspase-3 and proteins, and tailoring of biologically compatible polymer, PEG and
Tamoxifen loading would make it even more target specific for cancerous cells with minimal
exposure to normal cells and enhanced activity. Further studies are needed to uncover different
onco- proteins and the effect of this nano formulation on the expression mechanism of these
proteins.
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