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Abstract

Sulfur nanoparticles (S NPs) were prepared by a quick precipitation
method in the absence and presence of tetraoctylammonium bromide
(TOAB) that was used as a stabilizer to control the nanoparticles size.
Scanning electron microscope (SEM), transmission electron microscope

(TEM) and X-Ray Diffraction (XRD) were used to characterize S NPs.

The average size of S NPs was in the range 2.4 — 8.9 nm, with spherical
like shape. The size was controlled the changing the preparation
parameters: temperatures, different acid concentration, different acid type

and the presence of TOAB stabilizer.

The anticancer activity of the prepared S NPs has been tested on various
types of cancer cell clones including leukemia, kidney and colon cancers.
As a control, the activity of the prepared S NPs was investigated on normal

human cell line (Lax cells).

The prepared S NPs were found to have selective toxicity to the three

cancer cell lines investigated in this study.
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For example at concentration of 50ug/mL, 20 and 100% effect on colon
and Kkidney cancer cells, respectively. However, at 100 pg/mL

concentration of S NPs showed 15% toxicity of leukemia cancer cells.

The same S NPs at concentration of 10 pg/mL lead to 85% killing of

kidney cancer cell.

At a concentration of 100 pg/mL of S NPs, no toxicity effect on normal
human cells (Lax cell line) was found. Additionally, toxicity of S NPs was

found to have a time-dependent toxicity pattern.

In this work, the toxicity of S NPs was found to be at least 100 times
more effective than other reported results of SiO, and amorphous chitin
NPs preparations. The high potency in selective killing of cancer cells by

the prepared S NPs recommends further investigations.
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Chapter 1
Introduction

1.1 Introduction to nanotechnology

Nanoparticles (NPs) are typically in the size range of 1-100 nm, and can
have different shapes and compositions from bulk counterpart.
Nanoparticles usually have different and more interest physical and

chemical characteristics from those of the same material in bulk form [1].

There are various applications of the NPs such as in medical
applications including anticancer and antibacterial activity [2-3], fuel cell
[4], (solid oxide, hydrogen storage) [5], catalysis [6-7], semiconductors and

water treatment [8-9].
1.1.1 Types of nanoparticles

Nanoparticles can be categorized into groups, like inorganic (metallic
and nonmetallic) nanoparticles [10], polymeric nanoparticles [11], solid
lipid nanoparticles [12], liposome’s, with different shapes and structures
such as; crystalline [13], nanocrystal [14], spherical NPs [15], nanotubes

[16], nanorods and dendrimers [17].

Polymeric nanoparticles (PNPs) are biodegradable and biocompatible,
and adopted as a preferred method for nanomaterial drug delivery. The
advantages of using (PNPs) in drug delivery are most important that they
generally increase the stability of any volatile pharmaceutical agent, also

polymeric nanoparticles have been engineered specificity, to allowed the
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delivery of higher concentration of the pharmaceutical agent to the desired

location [18].

Nanocrystal are aggregates of molecules that can be combined into
a crystalline form of the drug surrounded by a thin coating of surfactant,
they are used in materials research, chemical engineering and quantum dots

for biological imaging [19].

Nanotubes are self-assembling sheets of atoms arranged in tubes and
may be organic or inorganic in composition and can be produced as single-
or multi-walled structures. Nanotubes have large internal volumes and the

external surface area can be easily functionalized [20].

| o0V iy 4
Atk ¢ v 3 ()
s | %
=rile % %z, )
e & A S
Y ey " - dr .“'
w000 wavit
Inorganic Polymeric Solid Lipid Liposome
Nanoparticle Nanoparticle Nanoparticle
Nanocrystal Nanotube Dendrimer

Fig 1.1: Various types of nanoparticles [20]
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1.1.2 Nanoparticles preparation methods

Metallic and nonmetallic nanoparticles can be prepared by different
chemical and physical methods. The chemical methods such as: chemical
vapor deposition and Wet Chemical methods; salt reduction [21],
electrochemical techniques [22], Thermal decomposition techniques
[23-25], and microemulsion technique [26]. Physical methods such as

condensation and laser ablation [27].

To prevent undesirable agglomeration of the nanoparticles during
synthesis processes, stabilizing technique is usually used in which
a protecting shell (surfactant) is used, such as polymer, solid matrix and
surfactants [28]. Surfactants have many practical activities in chemical and
medical applications and can influence the size, the shape, the structure,

and the efficiency of the nanoparticles in various applications [29].

Wet chemical method is the most common process for nanoparticles
synthesis, since it’s nonexpensive, quick and produce large yield. In the
technique, metal salts are dissolved in a solvent such as alcohol or water,
salts then dissociate to metal cations and nonmetal anions. The metal
cations are reduced to zero-valent metal which then aggregates to form
nanoparticles by nucleation and growth steps. Finally nanoparticles form
a precipitate or are forced to be precipitate. The size of the nanoparticles
can be controlled by varying the pH, temperature, solvent types and

reducing agents type [30-32].
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Electrochemical technique is used widely to prepare metallic
nanoparticles, This method can be summarized in several steps; The first
step is oxidative dissolution of anode by applying current density on it,
migration of the cations into the cathodes, reduction of cations at the
cathode to zero-valent state, agglomeration to form nanoparticles by
nucleation and growth, arrest of growth by stabilizers to prevent the
nanoparticles from non-desired aggregation, and finally precipitation of the
produced nanoparticles. The size of the nanoparticles can be simply

controlled by varying of temperature, solvent and current density [33].

Thermal decomposition is another simple and fast technique to prepare
NPs, for example Palladium NPs were prepared and stabilized in TOAB by
using the electrochemical method [34]. The Pd NPs have different sizes
between 3.0 and 6.0 nm which were prepared selectively by setting the

preparation parameters [35-36].

Cadmium oxide (CdO) NPs which were prepared starting from
organometallic complex through one step calcinations process at 800 °C.

The obtained CdO NPs have a size of about 50 nm [37].

Gold nanospheres (also known as gold colloids) of 2nm to over
100 nm in diameter were synthesized by controlled reduction of an
aqueous HAuUCI, solution using different reducing agents under varying

conditions [38].



1.1.3 Sulfur

The sulfur, as gores-grain (bulk), micro and to much less extent as nano,
is widely used in different industrial applications activities such as
production of sulfuric acid, nitrogenous fertilizers, enamels, antimicrobial
agents, gun powders, phosphatic fertilizers, plastics, petroleum refining,
pulp and paper industries, other petrochemicals, ore leaching processes and

different other agrochemical industries [39] .

Sulfur can also be used in agricultural applications and used against
many fungal plant diseases such as apple scab disease in the cold
conditions, in conventional culture of grapes, vegetables, strawberry and
many cultivated plants. Sulfur can be regarded as high-efficiency
of pesticides used in agriculture, where it has a good effect against a wide
range of powdery mildew disease, as well as black spots that infect

plants [31].
1.1.4 Sulfur nanoparticles applications

Sulfur nanoparticles (S NPs) have many applications now adays such
as; modification of metal and carbon nanotubes, and synthesis of
nanocomposites for lithium batteries [40], anti-cancer agent [41-42],
antibacterial agent [43], agrochemical industries [39] fungicides in
agriculture fields [44], synthesis of sulfur nanowires with carbon to form
hybrid materials with useful properties for gas sensor and catalytic

applications [45] and as adsorbent for the extraction of metal ions [46].
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1.1.5 Sulfur nanoparticles preparation methods

Different methods were used to prepare nanosized sulfur nanoparticles
[47], one of the methods used for synthesis of S NPs is wet chemical
precipitation method by dissolving the sodium thiosulfate in double
distilled water and different acidic solutions, using different surfactants
(TX-100, CTAB, SDBS, and SDS) as stabilizer to control the particle
size. The anionic stabilizer SDBS was found to be higher effective for
obtaining a uniform sizes NPs. While, the smallest size (30 nm) S NPs was

obtained by using CTAB as stabilizer [31].

Monoclinic S NPs have been prepared via the chemical reaction
between sodium polysulfide and hydrochloric acid in a reverse
microemulsions system, with theoline, butanol and a mixture of Span 80
and Tween 80 (weight ratio 8:1) as the oil phase, surfactant and co-
surfactant, respectively. Transparent microemulsions were obtained by
mixing the oil phase; a surfactant, co-surfactant, and the aqueous phase in
appropriate proportion using an emulsification machine at room
temperature. The S NPs prepared via this method were found to have an
average diameter of around 20 nm, with a narrow size distribution, uniform

spherical shape, and high purity [48].

S-NPs were synthesized from hazardous H,S gas using novel
biodegradable iron chelates in water/organic microemulsion system [47].
Ferric malic acid chelate was studied in water/organic microemulsion
containing cyclohexane, n-hexanol and Triton X-100 as oil phase,

a surfactant, co-surfactant, respectively, for the catalytic oxidation of H,S
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gas at ambient conditions of temperature, pressure, and neutral pH. The
S NPs was nearly uniform in size (average particle size 10 nm) with narrow
particle size distribution (in range of 5-15 nm) as compared to that in

aqueous surfactant systems [49].

An electrochemical method is used to prepare the sulfur nanoparticles
from thiosulfate ion. The size of S NPs obtained was in the range of 35 and
65 nm by adjusting the operation parameters including; the initial
concentration of sodium thiosulfate. It was found that, the use of hot
alcohol and cold water as solvent/non-solvent system along with
100 mL .min~" flow rate for co-mixing of non-solvent resulted in the
formation of S NPs in a typical size of 250 nm that are fairly homogeneous

in shape and have a narrow particle size distribution [50].
1.2 Quaternary ammonium cations as disinfectant

Tetraoctylammonium bromide (TOAB) is one of the quaternary
ammonium compounds with the molecular formula [CH3(CH,);]sN(Br)
and molecular weight 546.79 g/mol. Quaternary ammonium compounds
(QACs) belong to N-containing organic cations. The general formula is
R,N" where N has a positive charge. Nitrogen is bonded to four carbon
atoms by covalent bonds; R is a saturated or unsaturated alkyl or aryl
group. Wide range of quaternary ammonium cations are produced
synthetically. It has various applications such as cosmetics, asphalt

emulsions and as antimicrobials [51-52].



1.3 Cancer

Cancer is defined as uncontrolled cell growth. There are over 100
different types of malignancies, and each is classified by the type of cell
that is initially affected. The cancer is one of the leading causes of death in
the modern world, with more than 10 million new cases each year, and

more than 5 million deaths annually [53].

Cancer can be diagnosed by a number of methods, including the
presence of specified signs and symptoms, medical imagine or screening
tests such as biopsy or molecular techniques. Cancer is usually treated with

chemotherapy, radiation therapy and surgery [54].

Cancer is a multi factorial disease which means that there are several
risk factors that are associated with it including environmental and genetic
(family history) factors. Common environmental factors that contribute to
cancer death include tobacco (25-30%), diet and obesity (30-35%),
infections (15-20%), radiation (both ionizing and non-ionizing, up

to 10%), stress, lack of physical activity, and environmental pollutants [55].
1.3.1 Origins of Cancer

All types of cancer begin in the cells, the human body is made up of
several types of cells. These cells grow and divide in a controlled manner
to produce more cells as they are necessary to keep the body healthy. When

cells become damaged or old, they will die and are replaced with new cells.
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However, sometimes this orderly process goes wrong. The genetic
material (DNA) of the cell can become damaged or changed, producing
mutations that affect the growth and division of cells. When this happens,
the cells grow in an uncontrolled manner resulting in the appearance of
tumors which can be benign or metastasis. Benign tumors are not
cancerous, but often can be removed, and in most cases they do not come

back.

Malignant tumors are cancerous. Cells in these tumors can invade
nearby tissues and spread to other parts of the body. The spread of cancer
from one part of the body to another is called metastases. Some types of
cancers do not form tumors. For example, leukemia is a cancer of the bone

marrow and blood [56].

Loss of Normal Growth Control

Normal -~ l
cell division \\“II’///
NG —
Cell Suicide or Apoptosis

Cell damage—
no repair
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cell division

PN

First Second Third Fourth or
mutation mutation mutation later mutation

LATIONATL

. oA
Uncontrolled growth R__.-".\_l:"_ -

Fig 1.2: loss of normal growth control [56].
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1.3.2 Cancer types

Types of cancer can be classified into broad categories. The main

categories of cancer include:

e Carcinoma: cancer that begins in the skin or in tissues that line or
cover internal organs. There are a number of sub-types of carcinoma,
including adenocarcinoma, basal cell carcinoma, squamous cell
carcinoma and transitional cell carcinoma.

e Sarcoma: a cancer that begins in bone, muscle, cartilage, fat, blood
vessels, or other connective or supportive tissue.

e Myeloma and lymphoma: cancers that begin in the cells of the
immune system.

e Leukemia: cancer that begin in blood-forming tissue such as the
bone marrow and causes large numbers of abnormal blood cells to be
produced and enter the blood.

e Central nervous system cancers: cancers that begin in the tissues of

the spinal cord and brain [56].

1.3.3 Cancer nanotechnology

Cancer nanotechnology is emerging as a new field of interdisciplinary
research fields, cut across the disciplines of biology, chemistry, medicine,
engineering, and is expected to lead to significant progress in cancer

detection, diagnosis, and treatment.

The basic rationale is that metals, polymeric particles and

semiconductors have novel optical, magnetic, electronic and structural
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properties which are often not available of individual molecules or bulk

solids.

Medical applications also appeared, such as the use of super
paramagnetic iron oxide NPs as a contrast agent for lymph node prostate
cancer detection and the use of polymeric NPs for targeted gene delivery to
tumor vasculatures. New technologies using metal and semiconductor NPs
are also under intense development for molecular profiling studies and

multiplexed biological assays [57].

1.3.4 Leukemia cancer

Leukemia is a type of cancer of the blood or bone marrow characterized
by an abnormal increase of immature white blood cells called blasts.
In turn, is part of a wider group of diseases that affect the blood, bone
marrow and lymphatic system, which are all known as hematological
neoplasm’s [58]. There are four major kinds of leukemia are shown in
Table 1.1.

Table 1.1: Four major’s kinds of leukemia cancer [59].
Cell type Acute Chronic

Lymphocytic leukemia | Acute lymphoblastic | Chronic lymphocytic
(or "lymphoblastic") leukemia (ALL) leukemia (CLL)

Myelogenous leukemia | Acute myelogenous
(also "myeloid" or leukemia (AML)
"nonlymphocytic™) (or myeloblastic)

Chronic myelogenous
leukemia (CML)

Experts do not know what causes leukemia. But it is known that some
things increase the risk of some types of leukemia. These things are called

risk factors.
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The most likely susceptible to leukemia in the following cases when
exposed to a large amount of radiation, exposure to certain chemicals at
work such as benzene, some types of chemotherapy for the treatment of
cancer, another is to have Down's syndrome or some genetic problems and
smoke.

There are some common symptoms of the disease such as: fever, night
sweats, headaches, joint pain or bone, a swollen or painful belly from an
enlarged spleen, feeling very tired or weak, losing weight and not feel
hungry lymph nodes and swollen lymph in the armpit, neck or groin [60].

There are many methods used to treat leukemia, the most widely used

treatments on a wide range of chemotherapy and radiation therapy in some

cases, or bone marrow transplant [58].

yo “"’?&

. ® » i
Fig 1.3: leukemia cancer [WBCs (blue cells) are extremely numerous RBCs are much
less numerous than in normal blood] [61].
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1.3.5 Kidney cancer

Kidney cancer is a type of cancer that forms in tissues of the kidney.
Kidney cancer generally spreads to other parts of the body at a slower pace
than other cancers. There are two main types of this cancer classified by
histological origin are renal cell carcinoma (RCC) and transitional cell
carcinoma (TCC), It also includes Wilms tumor, which is a type of kidney

cancer that usually develops in children under the age of 5 years [62] .

Renal cell carcinoma (RCC) is the kind that arises from renal cell
carcinoma and be only in the kidney, and accounts for 80-85% of kidney
tumors. Transitional cell carcinoma (TCC) is the kind that arises from the
transitional cells and can affect the kidney, renal pelvis, ureter, bladder or

urethra and constitutes approximately 10% of kidney tumors.

The exact causes of kidney cancer is not specified up to now, but its
believed that the following factors may give rise to the development of
kidney cancer. These factors are smoking, dialysis for a long time, obesity
and high blood pressure, as continuous exposure to chemicals [63].

Signs and symptoms most commonly used in kidney cancer is a lump in the
kidney, blood in the urine, painful spasms in the bladder, mild pain in the
side, fatigue and weight loss.

The methods used for the treatment of Kkidney cancer are
surgery, chemotherapy, radiation therapy, immunotherapy, and vaccine

therapy [64].



Fig 1.4: kidney cancer [renal cell carcinoma] [65].

1.3.6 Colon cancer

Colon cancer is a type of cancer that forms in tissues of the colon. Colon
cancer is the third type of cancer in the world and affects the elderly, as it is
the third cause of death from cancer.
In most people, colorectal cancers develop slowly over a period of several
years. Before the development of cancer, the growth of tissue or tumor
usually begins as a non-cancerous polyp on the inner lining of the colon or
Rectum.

The tumor tissue is abnormal and can be benign (not cancer) or
malignant (Cancer). A polyp is benign, non-cancerous tumor. Some polyps

change in cancer, but not all:
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1- Adenomatous polyps or adenomas:
Polyps that can change into cancer. Because of this, tumors are called pre-
cancerous condition.
2- Inflammatory polyps and Hyperplastic polyps.

In general, are not pre-cancerous. But some hyperplastic polyps can
become pre-cancerous, or it may be a sign of a greater risk of developing
tumors and cancer, especially when these polyps grow in the ascending
colon [66]. Most people who develop colon cancer does not appear to have

any symptoms in the early stages of the disease.

When the symptoms of colon cancer begin to appear, they vary from
one situation to another, and be linked to the size and location of the tumor

within the colon.

The symptoms of colon cancer are blood in the stool, worsening
constipation, decrease in stool calibre, loss of weight, loss of appetite and
nausea or vomiting [67].

Risk factors that lead to colon cancer are older age, male gender, high
intake of fat, red meat or alcohol, smoking, obesity and a lack of physical
exercise [68].

The methods used for the treatment of colon cancer are surgery,

chemotherapy, radiation therapy [69].



Fig 1.5: Colon cancer [70]

1.4 Literature review

F. Wanga et al. studied the cytotoxicity of two sizes of SiO,
nanoparticles (20 and 50 nm) to investigate in cultured human embryonic
kidney cells. It was found that exposure to SiO, nanoparticles at dosage
levels of 20-100 pg/mL lead to cellular morphological modifications,
mitochondrial dysfunction, and oxidative stress as indicated by elevation of
intracellular ROS (reactive oxygen species) and TBARS (thiobarbituric
acid reactive) substances, as well as depletion of GSH (glutathione), which

triggers cell cycle arrest and apoptosis in a dose dependent manner [71].

S. Gurunathan et al. have investigated the cytotoxic effect of silver

nanoparticles on breast cancer. An average range of diameter of Ag NPs


http://www.ncbi.nlm.nih.gov/pubmed/?term=Gurunathan%20S%5Bauth%5D
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on MDA-MB-231(human breast adenocarcinoma) was 20nm. Ag NPs
have anti proliferative activity through induction of apoptosis in
MDA-MB-231 breast cancer cell line, suggesting that biologically
synthesized Ag NPs might be a potential alternative agent for human breast
cancer therapy. This study showed the possibility of using Ag NPs to
inhibit the growth of the tumor cells and their cytotoxicity for potential

therapeutic treatments [72].

Y.An et al. using sulfur nanoparticles an average diameter of
approximately 80 nm to inhibit C6 glioma (human brain cancer) cell
proliferation and induced apoptosis in a dose and time dependent manner.
Sulfur NPs significantly inhibited C6 glioma cell proliferation and
promoted cell apoptosis by inducing the up regulation of Bax and down

regulation of Bcl-2 (B-cell lymphoma 2) expression [41].

Nanotechnology has an emerging and promising field that uses NPs to
facilitate the diagnosis and treatment of cancer. Nanoparticles have the
potential to offer solutions to the current obstacles in cancer therapies,

because of their unique size and large surface-to-volume ratios [73].

With advances in nanotechnology, and the understanding of properties
of materials at the nano scale level, several distinct therapeutic systems
have been approved or entered clinical development for several disease

therapy [74].
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1.5 Objectives of this study

In this research, the main objective is treatment of different cancer cells by

using sulfur nanoparticles. Further specific objectives include:

1- Size selective synthesis of S NPs with and without TOAB surfactant
matrix.

2- Characterization of S NPs with and without TOAB surfactant using
SEM, TEM and XRD to determine the nanoparticles shape and size.

3- Studying the activity of the sulfur nanoparticles against cancer cells.

4- Studying the anticancer activity of many parameters including NPs size,

stabilization, concentrations and contact time.
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Chapter 2
Materials and Methods

2.1 Materials

Sodium thiosulfate (Na,S,0; .5H,0) (catalog #2355537600) was
purchased from Frutarom Co., hydrochloric acid (HCI) (catalog # 100319)
32% conc. was purchased from Merck Co., nitric acid (HNO3) 65% conc.
(catalog # 30713) was purchased from Riedel Co., sulfuric acid (H,SO,)
98% conc. (catalog #19550201) was purchased from BiolabCo., phosphoric
acid (HsPO,) 85% conc. (catalog # 2355527800) was purchased from
Frutarom Co., tetraoctyl ammonium bromide (TOAB) 98% conc. (catalog
# 294316-25G) was purchased from Sigma Co., Dulbecco's Minimal
Essential Media (DMEM) (catalog # 01-055-1A) from was purchased

from Biological Industries Co.
2.2 Sulfur nanoparticles preparation

Quick precipitation method was used to prepare two types of sulfur
nanoparticles with and without tetraoctylammonium bromide (TOAB)

surfactant as in the following reaction.

1) TOAB Stabilizer
Na2S203.5H20 + acidic sol'n —2Heating > GO

N (cluster)
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2.2.1 Preparation of sulfur nanoparticles with TOAB surfactant

10.00 g of Na,S,05; .5H,0 dissolved in 50 mL of distilled water then
transferred into 250 mL conical flask. 0.20 g of TOAB surfactant was
dissolved in 20 mL of distilled water by heating to 65°C. A mixture
of Sodium thiosulfate and TOAB was prepared by combining both
solutions together and stirred mechanically at 120 rpm and heated in
constant bath at 30, 40, 50 and 60 °C, respectively. Then 40 mL of different
acid solutions were added to the mixture to produce different sized NPs
under continuous stirring. After the reaction was stopped after 40 min, the
produced yellow precipitates were collected, washed with distilled water

and then dried.

2.2.2 Preparation of sulfur nanoparticles without surfactant

10.00 g of Na,S,03 .5H,0 dissolved in 50 mL of distilled water then
transferred into 250 mL conical flask. A mixture of Sodium thiosulfate was
prepared by combining and stirred mechanically at 120 rpm for 40 min and
heated in constant bath at 30, 40, 50 and 60 °C, respectively. Then 40 mL
of different acid solutions (HCI, HNO3, H,SO,4, and H3PO4) were added to
the mixture to produce different sized NPs. After the reaction was stopped,
the produced yellow precipitates were collected with %yield approximately

to (23%), washed with distilled water and then dried.
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2.3 Characterization of sulfur nanoparticles

The shape and size characterization of S NPs were conducted using

SEM, TEM and XRD techniques.
2.3.1 X-Ray diffraction characterization

X-ray diffraction XRD technique was used to determine the structure
and the size of the sulfur nanoparticles, using XRD machine with Cu

source (Cu-Kal line, 1=1.5045A°).
2.3.2 Scanning electron microscope characterization

The shape and the morphology of the prepared S NPs were
characterized by Scanning electron microscope (SEM), the images have

obtained using Inspect F50 SEM type.
2.3.3 Transmission electron microscopy (TEM) characterization

TEM technique was used to determine the structure and size of the

S NPs using ZEISS EM10CR TEM type.
2.4 Anticancer activity

The cells were maintained in RPMI-1640 or Dulbecco's Minimal
Essential Media (DMEM) supplemented with 10% FBS, penicillin (100
U/mL) and streptomycin (100 pg/mL) in a humidified atmosphere of 50
ug/mL CO, at 37 °C. Cells which were given as a gift from (HL-60 cell

line, DC cell line, HT-29 cell line, Lax cell line).
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Leukemia cancer, colon cancer and kidney cancer cell lines were used to

test the toxicity of the synthesized S NPs.
2.4.1 In vitro assay for cytotoxicity activity (MTT assay)

The cytotoxicity of samples on various cell types was determined by the
MTT assay [75]. Cells (1x10°/well) were plated in 1 mL of medium/well in
6-well plates (Costar Corning, Rochester, NY). After 48 hours incubation
the cell reaches the confluence. Then, cells were incubated in the presence
of various concentrations 10, 20, 50 and 100 pg/mL of the samples in 0.1%

DMSO for 48 h at 37 °C.

After removal of the sample solution and washing with phosphate-
buffered saline (pH 7.4), 200 pL/well (5 mg/mL) of 0.5% 3-(4, 5-dimethyl-
2-thiazolyl)-2,5-diphenyl-tetrazolium bromide cells (MTT) phosphate-
buffered saline solution was added. After 4 h incubation, 0.04 M
HCI/ isopropanol were added. Viable cells were determined by the

absorbance at 570 nm.

Measurements were performed and the concentration required for a 50%
inhibition of viability (IC50) was determined graphically. The absorbance
at 570 nm was measured with a UV- Spectrophotometer using wells

without sample containing cells as blanks.
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The effect of the samples on the proliferation of cell clones was

expressed as the % cell viability, using the following formula:

Cell viability (%) = A572(sample) . a0
As7o(control)
To determine the time dependent toxicity of the sample on kidney cell
type, concentration of 10 pg/mL was tested for 0, 1, 4,8, 24 and 48 hours
post addition of sample to cells at concentration of 1x10° pg/mL well.

Viability of cells in various wells was determined as described above.
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Chapter 3

Results and Discussion

3.1 Sulfur Nanoparticles characterization

The size and the shape of the S NPs were characterized and obtained by

using SEM, XRD and TEM.
3.1.1 X-ray characterization of Sulfur Nanoparticles

The X-Ray Diffraction patterns were measured for all prepared S NPs

with and without TOAB surfactant are shown in Figure 3.1 to Figure 3.14.
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Fig 3.1: XRD pattern of S NPs prepared at 40°C using (0.5 M of HCI) without TOAB
surfactant.
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Fig 3.2: XRD pattern of S NPs prepared at 40°C using (1M of HCI) without TOAB
surfactant.
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Fig 3.3: XRD pattern of S NPs prepared at 40°C using (2M of HCI) without TOAB
surfactant.
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Fig 3.4: XRD pattern of S NPs prepared at 40°C using (3M of HCI) without TOAB
surfactant.
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Fig 3.5: XRD pattern of S NPs prepared at 40°C using (0.5 M of HCI) with TOAB
surfactant.
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Fig 3.6: XRD pattern of S NPs prepared at 40°C using (1M of HCI) with TOAB
surfactant.
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Fig 3.7: XRD pattern of S NPs prepared at 40°C using (2M of HCI) with TOAB
surfactant.

(222)

(206)

Intensity (a.u.)

17)

@

1S =1 27 33
26 (°)

Fig 3.8: XRD pattern of S NPs prepared at 40°C using (3M of HCI) with TOAB
surfactant.
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Fig 3.9: XRD pattern of S NPs prepared at 30°C using (2M of HCI) with TOAB
surfactant.
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Fig 3.10: XRD pattern of S NPs prepared at 50°C using (2M of HCI) with TOAB

surfactant.
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Fig 3.11: XRD pattern of S NPs prepared at 60°C using (2M of HCI) with TOAB
surfactant.
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Fig 3.12: XRD pattern of S NPs prepared at 40°C using (2M of HNO3) with TOAB
surfactant.
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Fig 3.13: XRD pattern of S NPs prepared at 40°C using (2M of H,SO,) with TOAB
surfactant.
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Fig 3.14: XRD pattern of S NPs prepared at 40°C using (2M of H3PO,) with TOAB
surfactant.
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The diffraction peaks were clearly observed from the XRD of the
S NPs located near to (15.4, 23.0, 25.8, 26.6, 27.7, 28.8, 31.4 & 37.1) of 20
positions, that are well-attributed to the (S-(113), S-(222), S-(026), S-(311),
S-(206), S-(313), S-(044) & S-(317) ) miller planes, respectively .

X-ray structural analysis of the obtained samples show that the samples are
S NPs have orthorhombic phase with Sg structure with traces of monoclinic
structure. which was obtained with X. Xie et al. according to JCPDS file

No. 83-2285[36].

By applying Scherrer equation on the XRD pattern, the particle size can

be calculated:

D =KA/(Bcosd)

Where D is the mean size of crystallites (nm), K is crystallite shape
factor a good approximation is 0.9, A is the X-ray wavelength, B is the
full width at half the maximum (FWHM) in radians of the X-ray diffraction

peak and @ is the Braggs' angle (deg.) [76].

Based on four different XRD peaks analysis, the average size was
founded to be 9.2, 10.1, 11.6 and 13.4 nm for TOAB stabilized S NPs

which were prepared at 30, 40, 50 and 60 °C, respectively.

These results show that increasing the temperature during nanoparticles

preparation lead to increase in nanoparticles size.
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The sizes results of sulfur nanoparticles stabilized with TOAB with

different temperature are summarized in Table 3.1.

Table 3.1: The sizes using (XRD) of TOAB stabilized S NPs prepared

using 2M HCI at different temperatures.

Temperature (°C) | S NPs sizes with surfactant (nm)
30 9.2 (x0.21)
40 10.1 (£0.18)
50 11.6 (£0.15)
60 13.4 (x0.11)

S NPs stabilized with TOAB were prepared at 40 °C using different HCI
concentrations (0.5M, 1M, 2M and 3M), the size of the obtained samples
was determined from XRD diffraction pattern has found to be 3.4, 8.2, 10.1

and 7.6nm, respectively.

On the other hand, the effect of TOAB surfactant on the NPs sizes was
studied. The sizes were found to be 9.8, 10.7, 11.5 and 8.3nm for non-
stabilized S NPs which were prepared at 40°C using different HCI
concentrations (0.5M, 1M, 2M and 3M), respectively.

This indicates the effect of the stabilizer in preventing the agglomeration
of the NPs and hence resulted in smaller sizes at same preparation
conditions. The sizes results of S NPs stabilized with TOAB and non-
stabilized S NPs prepared at 40°C and by using with different HCI

concentration are summarized in Table 3.2.
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Table 3.2: The sizes using (XRD) of TOAB stabilized S NPs and

nonstabilized S NPs prepared using different HCI concentration at

40°C.
[ HCI] | S NPs sizes without surfactant (nm)| S NPs sizes with surfactant(nm)
0.5M 9.8 (x0.12) 3.4 (x0.68)
1M 10.7 (£0.14) 8.2 (£0.16)
2M 11.5 (x0.15) 10.1 (x0.18)
3M 8.3 (£0.14) 7.6 (£0.17)

The effect of the acid type was also studied, for that S NPs stabilized
with TOAB were prepared at 40 °C using 2 M solution of different acid
(HCI, HNOs, H,SO4 and H3PO, ). Size analysis using XRD of the obtained
samples show that the size is 10.1, 3.9, 5.8 and 6.3 nm for the TOAB
stabilized S NPs prepared using 2M solution of (HCI, HNO3, H,SO, and

HsPO,), respectively.

The sizes results of TOAB stabilized S NPs with different acid solutions
are summarized in Table 3.3.

Table 3.3: The sizes using (XRD) of TOAB stabilized S NPs prepared
using 2M solution of different acids at 40°C.

S NPs sizes with surfactant (nm)
Conc. of acid solution

2M of HCI 10.1 (£0.18)
2M of HNO, 3.9 (+0.52)
2M of H,S0, 5.8 (+0.47)

2M of HsPO, 6.3 (+0.36)
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3.1.2 SEM characterization of Sulfur nanoparticles

The shape and size of NPs were investigated by SEM techniques, Figure
3.15 to Figure 3.28 show the SEM images of all S NPs samples which were
prepared with and without surfactant at different temperature, concentration

and acid solutions.

40 ym
The University of Jordan

Fig 3.15: The SEM image of nonstabilized Fig 3.16: The SEM image of nonstabilized
S NPs prepared at 40°C using (0.5 M HCI). S NPs prepared at 40°C using (1 M HCI).

—T1

The University of Jordan 3 00! 3 3 40 The University of Jordan

Fig 3.17: The SEM image of nonstabilized Fig 3.18: The SEM |mage of nonstabilized
S NPs prepared at 40°C using (2 M HCI). S NPs prepared at 40°C using (3 M HCI).
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The University of Jordan

Flg 319 The SEM image of TOAB Fig 320 The SEM image of TOAB
stabilized S NPs prepared at 40°C using stabilized S NPs prepared at 40°C using
(0.5 M HCI). (1 M HCI).
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Fig 3.21: The SEM image of TOAB Fig 3.22: The SEM image of TOAB
stabilized S NPs prepared at 40°C using stabilized S NPs prepared at 40°C using
(2 M HCI). (3 M HCI).
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The University of Jordan

Flg 3.23: The SEM image of TOAB Flg 324 The SEM image of TOAB
stabilized S NPs prepared at 30°C using stabilized S NPs prepared at 50°C using
(2 M HCI). (2 M HCI).

Flg 325 The SEM image of TOAB Flg 326 The SEM image of TOAB
stabilized S NPs prepared at 60°C using stabilized S NPs prepared at 40°C using
(2 M HCI). (2 M HNO3).
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The University of Jordan

Fig 3.27: The SEM image of TOAB Fig 3.28: The SEM image of TOAB
stabilized S NPs prepared at 40°C using stabilized S NPs prepared at 40°C using
(2 M H,S0O,). (2 M H3POy,).

In this work, spherical shape S NPs was obtained for all samples that
prepared at different temperatures; 30, 40, 50 and 60 °C, different
concentration of HCI (0.5M, 1M, 2M and 3M) and different acids (HCI,
HNO;, H,SO,4 and H3POy,).

More regular spherical shape was obtained for TOAB stabilized S NPs
in compression to the non-stabilized ones. The more regular spherical

shape was obtained for TOAB stabilized S NPs at 40 °C using 0.5M HCI.
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3.1.3 TEM characterization of Sulfur nanoparticles

The transmission electron microscopy were measured for all prepared
S NPs with and without TOAB surfactant are shown in Figure 3.29
to Figure 3.42.

Fig 3.29: The TEM image of nonstabilized Fig 3.30: The TEM image of nonstabilized
S NPs prepared at 40°C using (0.5 M HCI). S NPs prepared at 40°C using (1 M HCI).

20nm

.

20nm
Fig 3.31: The TEM image of nonstabilized Fig 3.32: The TEM image of nonstabilized
S NPs prepared at 40°C using (2 M HCI). S NPs prepared at 40°C using (3 M HCI).
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Fig 3.33: The TEM image of TOAB Fig 3.34: The TEM image of TOAB
stabilized S NPs prepared at 40°C using stabilized S NPs prepared at 40°C using
(0.5 M HCI). (1 M HCI).

20nm

Fig 3.35: The TEM image of TOAB  Fig 3.36: The TEM image of TOAB
stabilized S NPs prepared at 40°C using stabilized S NPs prepared at 40°C using
(2 M HCI). (3 M HCI).
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20nm B
Fig 3.37: The TEM image of TOAB Fig 3.38: The TEM image of TOAB
stabilized S NPs prepared at 30°C using stabilized S NPs prepared at 50°C using

(2 M HCI). (2 M HCI).

20nm 50nm

Fig 3.39: The TEM image of TOAB Fig 3.40: The TEM image of TOAB
stabilized S NPs prepared at 60°C using  stabilized S NPs prepared at 40°C using
(2 M HCI). (2 M HNO:s).
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20“ m 20nm

Fig 3.41: The TEM image of TOAB Fig 3.42: The TEM image of TOAB
stabilized S NPs prepared at 40°C using stabilized S NPs prepared at 40°C using
(2 M H2SOy). (2 M H3POy,).

TEM analysis shows that the average sizes are: 6.9, 7.3, 7.6 and 8.2 nm
for TOAB stabilized S NPs which were prepared at 30, 40, 50 and 60 °C,
respectively using 2M HCI solution.

These results show that increasing the preparation temperature lead to
increase in the obtained NPs size. That’s mainly explained by two reasons:
(i) the acid HCI used in this reaction have endothermic nature, hence their
reactivity are increasing which was causing the rising of the diffusion
coefficient of sulfur atoms with increasing T [77]. (ii) with increasing
temperature the diffusion rate of the new formed atoms increases. Due to
these reasons the overall diffusion of sulfur atoms from bulk phase to
solid-liquid interface increases, therefore increasing the formed particles

sizes [77]. This is in accordance with are results shown in table 3.6.
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The sizes of TOAB stabilized S NPs prepared at different temperatures

are summarized in Table 3.4.

Table 3.4: The sizes using (TEM) of TOAB stabilized S NPs prepared

using 2M HCI at different temperatures.

Temperature (°C) S NPs sizes with surfactant (nm)
30 6.9
40 7.3
50 7.6
60 8.2

TOAB stabilized S NPs were prepared at 40 °C using different HCI
concentrations (0.5M, 1M, 2M and 3M), the size was determined from
TEM was found 3.1, 5.7, 7.3 and 6.1 nm, respectively.

In the other hand, the effect of TOAB surfactant on the NPs sizes was
studied. The sizes were found to be 6.1, 6.3, 8.4 and 7.1nm for non-
stabilized S NPs prepared at 40°C using different HCl concentrations
(0.5M, 1M, 2M and 3M), respectively. The nonstabilized S NPS are
obviously larger than TOAB stabilized S NPs prepared at same condition.

The increase in the size with increasing the concentration of the acid can
be obtained to an increasing in reaction rate. Therefore, the overall
diffusion of sulfur atoms from bulk phase to solid-liquid interface

increases, which leads to an increase the particles size [31, 77].

The sizes of TOAB stabilized S NPs and non-stabilized S NPs prepared

at 40°C using different HCI concentrations are summarized in Table 3.5.
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Table 3.5: The sizes using (TEM) of TOAB stabilized S NPs and
nonstabilized S NPs prepared using different HCI concentration at
40°C.

[ HCI] | Sizes of nonstabilized S NPs(hm)| Sizes of TOAB stabilized S NPs
(nm)
0.5M 6.1 3.1
1M 6.3 5.7
2M 8.4 7.3
3M 7.1 6.1

The sizes of TOAB stabilized S NPs was found 7.3, 2.4, 3.3 and
5.9 nm which were prepared at 40 °C using different acid solutions (HCI,
HNO3, H,SO,4 and HsPQO, ), respectively.

The increasing orders of particle size in the presence of different acids
are: HNO; < H,SO,4 < H3PO4 < HCI. The most dependent factor in acid
types to the size of the formed S NPs is the ionization constant of the acid,
the stronger acid (large ionization constant) has higher reaction rate.
Therefore, the denser nuclei are formed and the formed S NPs are with
larger size [31].

Based on this role, H3PO, expected to form the less sized particles in
comparison to the other used acids, but a contrast behavior is observed,
where larger sized nanoparticles are formed. Unlikely, we have not a clear
explanation for this behavior. Similar effect was also observed in literature

[31], the work of (R. Ghaudhuri et al.) were he has used oxalic acid.

The sizes results of TOAB stabilized S NPs prepared at 40°C using 2M

solution of different acids are summarized in Table 3.6.
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Table 3.6: The sizes using (TEM) of TOAB stabilized S NPs prepared
at 40°C using 2M of different acids.

Conc. of acid solution S NPs sizes with surfactant (nm)
2M of HCI 7.3
2M of HNO; 2.4
2M of H,SO, 3.3
2M of H3PO, 5.9

R. Chaudhuri et al. synthesized S NPs by an organic acid catalyzed
precipitation of sodium thiosulphate using different surfactants. The
smallest S NPs that was obtained by Rajab et al. was 30 nm using CTAB
as stabilizer [31].

Y. Guo et al. prepared sulfur NPs via the chemical reaction between
sodium polysulfide and hydrochloric acid in a reverse microemulsions
system, the average diameter of S NPs was about 20 nm [48].

M. Alexandrovichm et al. Has prepared (22-25 nm average size) S NPs
at room temperature by mixing sodium polysulfide aqueous solution with
various inorganic and organic acids [78].

M. Shamsipur et al. prepared sulfur NPs by electrochemical method
from thiosulfate ion. They show that the particle size of the S-NPs can be
adjusted between 35 and 65 nm by varying parameters such as the initial

concentration of thiosulfate [50].
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With comparing the S NPs that was prepared in this work by quick
precipitation method with that prepared by all of R. Chaudhuri et al.,
Y. Guo et al., M. Alexandrovichm et al. and M. Shamsipur et al.[31, 48, 78,
50], one can see that in this work S NPs in the range 2.5 to 9 nm can be
prepared selectively with relatively narrow size distribution and regular
spherical shape .To best of our knowledge these are the smallest S NPs
obtained up to now . Moreover, using simple, fast and cheap technique, We

large amount of S NPs can be prepared.
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3.2 Anti cancer activity of sulfur nanoparticles

Anticancer activity of S NPs with TOAB surfactant was studied on
leukemia, kidney and colon cancer as well on normal human cell line
(Lax Cell). One parameter was studied to obtain the anti cancer activity,
this parameter is nanoparticles concentration with size (7.3 nm) of TOAB

stabilized S NPs prepared at 40°C.

3.2.1 Anticancer activity at different concentrations of sulfur

nanoparticles with TOAB

The toxicity of different concentrations of samples have been
investigated on leukemia, kidney and colon cancer as well on normal

human cell lines (Lax Cell).

Table 3.7 shows the effect of S NPs on different cancer cell types. Lax

human cell line was used as control.

Table 3.7: Effect of the different concentrations of (7.3 nm) S NPs on

various cancer cell types.

Concentrations 0 pg/mL | 10 pg/mL | 20 pg/mL | 50 pg/mL | 100 pg/mL
Leukemia cancer 0 0 0 0 15%
Kidney cancer 0 80% | 100% | 100% | 100%
Colon cancer 0 0 0 20% 40%
Lax Cell 0 0 0 0 0

*( % that’s means percentage of dead cells).



45

3.2.1.1 Leukemia cancer activity

The obtained results for leukemia cancer activity shows that cancer cells
at different concentrations of S NPs do not have any effect on cells at
concentrations of 0, 10, 20 and 50 pg/mL after 24 hours. However, at
concentration of 100 pg/mL, there was a slight impact of the S NPs, where

the cell viability of cancer cells are 85%.

Toxicity of sulfur nanoparticles on
leukemia cell line
100% 100% 100% 100%

100% 4

Q0% - 85%

80% -
——
9\_9' 70% -
3~ 60% -
= 50% -
=
8B 40% -
=
— 30% -
@
O 20% -

109% -

0% T T T T
0 10 20 50 100
Dose (ug/mlL)

Fig 3.43: Dose-dependent toxicity of 7.3 nm S NPs in Leukemia cells
3.2.1.2 kidney cancer activity

Kidney cells were exposed to (7.3 nm) S NPs at 0, 10, 20, 50, and
100 pg /mL for 24 hours. Cell viability decreased as a function of
dosage levels. S NPs showed complete toxicity at concentrations above

10 pg /mL.
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Toxicity of sulfur nanoparticles on kidney

Cell line
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Fig 3.44: Dose-dependent toxicity of (7.3 nm) S NPs in Kidney cells for 24 hr.

3.2.1.3 Time-dependent toxicity of sulfur nanoparticles on kidney

cancer cells

To determine the time-dependent toxicity of S NPs on kidney cell lines,
10 pg/mL concentration was incubated with cells as previously shown in

materials and methods for 0, 1, 4, 8, 24 and 48 hours.

Figure 3.45 shows that toxicity of S NPs on kidney cell lines is

time-dependent. About 50% toxicity is produced by 8 hours.

Figure 3.46 shows kidney cells that are viable after 24 hours. However,
figure 3.47 shows affected cells after 24 hours. Normal cell lines are not
affected after 24 hours when treated with 100 pg/mL S NPs concentration

(Figure 3.49).
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Time-dependent toxicity of sulfur
nanoparticles on kidney Cell line
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Fig 3.45: Time-dependent toxicity of (7.3 nm) S NPs in Kidney cells.

Our results showed that concentration of 10 pg/mL of S NPs have 80%
cytotoxicity on kidney cells. In this regard, F. wanga et al. [71] showed
that SiO, NPs of (50 nm sized) has 80% toxicity at concentration of 1000
png/mL (HEK293) cells .

This comparison showed that our S NPs which has 7.3 nm size is 100

times more effective than (F. wanga et al.) preparations [71].

Our investigations show that S NPs prepared in this work are more toxic
to kidney cells than leukemia and colon cancer. The reason behind our NPs
potency on kidney cell types compared to other cells needs further

investigations.



Fig 3.46: The imags of kidney cancer cells before the killing.

Fig 3.47: The image of kidney cancer cells after the killing at concentration of 10ug/mL
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3.2.1.4 Colon cancer activity

The results that obtained for colon cancer activity shows that cancer cells

treated with different concentrations of S NPs do not have normal viability

at concentrations 0, 10 and 20 pug/mL after 24 hours, but at concentration of

50 and 100 pg/mL there was a slight toxicity of the S NPs, where the cell

viabilities of cancer cells were 60% and 80%, respectively.

100%
90%

80%

60%

50%

30%

Cell viability (%)

20%
10%

0%

70% -

40% -

Toxicity of sulfur nanoparticles

on Colon cancer

100% 100% 100%
80%
60%
0 10 20 50 100
Dose (ug/mlL)

Fig 3.48: Dose-dependent toxicity of (7.3 nm) S NPs in colon cells.

J. Chang et al. [79] showed that silica NPs (21 nm sized) has 20%

toxicity at concentration of 667 pug/mL (HT-29) cells.

This comparison showed that our S NPs which has 7.3 nm size is 100

times more effective than (J. Chang et al.) preparations [79]. K. Smitha et

al. [80] showed that amorphous chitin NPs (150 nm sized) has 10 %

toxicity at concentration of 1 mg/mL (HT-29) cells.
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This comparison showed that our S NPs which has 7.3 nm size is 100

times more effective than (K. Smitha et al.) preparations [80].
3.2.3 Effect of sulfur NPs with TOAB on normal cells.

The results that obtained for normal cells (Lax Cell) show that S NPS
preparation had no effect on normal cell lines at concentrations 0, 10, 20,
50 and 100 pg/mL after 24 hours. Thus, the later investigation showed that

our S NPs are safe on normal cell lines.

Fig 3.49: The image of S NPs using 10 pug /mL does not have any effect on normal
cells.
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Conclusions

In this work S NPs with very low dimensional nano-meter-sized less than
10 nm were prepared and investigated against Leukemia, Kidney and Colon
cancers, for the first time. The main results obtained in this work can

be summarized as:

1- sulfur nanoparticles (S NPs) were successfully prepared by fast,
inexpensive and simple quick precipitation method.

2- In this work S NP’s were synthesized selectively by varying the
preparation parameters: temperature, acid type, acid concentration and the
presence of stabilizer.

e The S NPs size increases with increasing the preparation
temperature.

e Smaller S NPs sizes were obtained in the presence of TOAB-
Stabilizer in comparison to S NP’s in absence of stabilizer, at same
preparation conditions.

e The maximum and minimum sizes of S NPs were obtained by using
HCI and HNOs, respectively.

e The S NPs size increases with increasing the acid concentration.

3- Spherical shape was recorded for all sulfur NPs with and without
tetraoctylammonium bromide (TOAB) surfactant samples. But it looks
more regular for sulfur NPs with surfactant, and the same shape for all
S NPs prepared at different temperatures; 30, 40, 50 and 60 °C, different

concentrations and different acid solutions.
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4- X-Ray diffractograms showed that all obtained sulfur NPs have mainly
orthorhombic structure with traces of monoclinic structure.

5- TOAB stabilized S NPs showed higher anticancer activity against
kidney cancer.

6- TOAB stabilized S NPs showed a slight impact against leukemia cancer
and colon cancer.

7- TOAB stabilized S NPs has no effect on (Lax cell line).

Suggestions for future work

1- Studying the growth kinetic of sulfur nanoparticles at different
preparation parameters: temperature, acid type and acid concentration.

2- Studying the anticancer activity of sulfur NPs with other surfactants.

3- Studying the size dependent anticancer activity of S NP’s on various
cancer cells types.

4- Preparing S NP’s using different types of stabilizer and studying there
anti cancer activity.

5- In vivo experiments on animals to examine the effectiveness of sulfur

NPs.
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