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Abstract

The cancer mortality and morbidity rate is rising all over the world in
developed countries and in developing ones which make cancera major
health problem. Many researches and efforts have been made in order to
cure cancer, stop its spread or even to contain its damage. Chemotherapy is
widely used to treat cancer but its side effects and toxicity are a major
concern. One of the most significant discoveries in cancer chemotherapy is
cisplatin which is very effective in treating different types of cancer
especially testicular cancer which has a cure rate exceeds 90%. However,
the treatment is limited because of several side effectsin addition to inherit
and acquired resistance that limits its usage too. These drawbacks have
motivated extensive search for other active antitumor metal- based

complexes with improved pharmacological properties.

This study investigates the anticancer activity of copper polyamines
complexes. Seven complexes were prepared and screened in vitro for both
cytotoxic and cytostatic activities against four cell lines (human muscle
cells as normal control: L6 cell line, colon cancer: Hct cell line, prostate
cancer: PC3 cell line and liver cancer: HepG2 cell line) using MTT test.

Results shows that complex 1 and complex 3 induced cytotoxic effect on



Xiii

Hct (1C50: 0.03, 0.015), PC3 (IC50: 0.02, 0.015) and HepG2 (IC50: 0.015,
0.015) cell lines at nontoxic level compared to its effect on L6 cell line
(1C50: 0.07). Also complex 7 induced cytotoxic effect on HepG2 cell line
(1C50: 0.07) at nontoxic level compared to its effect on L6 cell line (IC50:
0.09). However, for cytostatic effect complex 1 and complex 3 induced
cytostatic effect on PC3 and HepG2 (IC50: 0.015) cell lines at nontoxic
level compared to its effect on L6 cell line (IC50: 0.02), also complex 4
and complex 5 induced cytostatic effect on HepG2 cell line (1C50: 0.13,
0.09) at nontoxic level compared to its effect on L6 cell line (IC50: 0.18,
0.1).

These complexes exhibited promising antiproliferative activity against
tested cell lines which indicates that these complexes have anticancer effect

at nontoxic concentrations.
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Introduction



1. Introduction
1.1 General background

Cancer has become a major cause of death around the world among all
other non-communicable diseases, especially in low- income and middle-
income countries which tolerate now about 80% of the world load of such
diseases. As the world population is growing UN predicts that global
population will reach 8.3 billion by 2030[1] and that’s making the growth
an aging will be the maximum in the low-income and middle-income
countries. These alterations transform to a predicted global load of 20.3
million new cancer cases by 2030 compared with 12.7 million cases in
2008, and a predicted 13.2 million cancer related deaths worldwide by
2030 up from 7.6 million in 2008 [2]. With these growing numbers efforts
are being made with the aim to prevent, control and treat cancer through

various research activities.

Canceris a set of malicious diseases that may affect various parts of the
body which characterized by uncontrolled cell growth that could form
masses of tissue called tumors. Such masses may have the capability to
invade the adjacent organs or even proliferate through the body which

called metastasis[3].

There are two types of tumors benign and malignant. Benign tumors are
usually localized and do not invade nearby tissue and organs also it could

be removed while usually don’t need to be removed, while malignant



tumors -which the term cancer refer to it- grow rapidly and invade nearby
tissue and organs of the body.When tumor cells reaches the blood stream or
lymphatic system it spreads all over the body and this process called

metastasis[4].

Causes of cancer could be a combination of both internal factors such as
inherited mutations, hormones and immune conditions. And environmental
acquired factors such as radiation, smocking, diet and infectious agents [5].
Tumors are variant and diverse but they all have the capability of
uncontrolled growth unlike the normal tissue. This characteristic could be
used by researchers and scientists to find out how to differentiate between

normal cells and tumors and how to target them specifically [6].

Cancer can treated by surgery, radiation, chemotherapy, hormone therapy
and biological therapy [7]. Nowadays the conventional way to treat cancer
consists of surgery in combination with radiation or chemotherapy[8].
However the method of treatment depends on the location and the progress
of the disease. According to studies the most common cancers types in men
are prostate, lung and liver, while in women either breast or cervical cancer

was the most common diagnosed neoplasm [1].
1.2 Liver cancer

Known as hepatocellular carcinoma which is considered the 5" lethal
cancer worldwide and the 3™ most common cause of death due cancer in

the globe[9, 10]. This type of cancer is very aggressive and its lethality



came from the resistance to the existing anticancer agents, lack of surgical
biomarkers and the implied liver diseases that limits the use of

chemotherapeutic drugs[11].

Hepatocellular carcinoma is usually associated with chronic liver diseases
such as cirrhosis, hepatitis B and C, viral infection, hemochromatosis and

inherited metabolic disorders [12, 13].

In spite the expansion of molecular targeting therapies, the most effective
hepatocellular carcinoma treatments are still liver resection, transplantation

and locoregional therapy[12].
1.3 Colon cancer

Known as colorectal cancer one of the most common cancers worldwide
and considered the 2™ leading cause of death via cancer [14]. This type of
cancer usually evolved from polyps and pre-neoplastic bumps which arise

from the colon lining with combination of genetic mutations[15, 16].

Many studies on colorectal cancer shows that diet is the key role in this
type of cancer and it could be prevented by adjusting the quality of food
intake which participates directly in preventing and treating colorectal

cancer [14,17].

The cure of colorectal cancer via surgery is high up to 90% if detected in
early stages, the problem is the best screening method is colonoscopy

which considered invasive and has low popularity among population, so



many effort are being made to develop less invasive method with higher

sensitivity[14,18].
1.4 Prostate cancer

Prostate cancer considered as the most common malignant neoplasm
diagnosed and the 3" leading cause of death related to cancer among men
in developed countries [19, 20]. It causes about 30,000 deaths per year in

United States [21].

Like other types of cancer, prostate cancer evolves from accumulation of
somatic, genetic and epigenetic changes that inactivate tumor suppressor
genes and activate oncogenes[22, 23]. The most common risk factors for
developing prostate cancer are advanced age, family history, race and diet
[19]. In early stages of prostate cancer prostatectomy is the cure but in
metastatic stages chemotherapy is the best method to be used, also external

beam radiation is one of the standard treatments of prostate cancer[24].
1.5 Chemotherapy as a systematic cancer treatment

Chemotherapy is a systemic treatment using chemical substances to cure
cancer or inhibit the tumor growth and extend the patient life or to reduce
the disease symptoms. Chemotherapy may use alone or in combination
with radiation therapy, surgery and radiotherapy. As chemotherapy a
powerful tool to treat cancer is still a major defy to cancer cause such a
highly robust drug can be toxic and less than 1% of the injected drug

molecules can be delivered to the target cells while the rest may damage



the other healthy cells and tissue particularly bone marrow, epithelial
tissue, reticuloendothelial system and gonads [25]. This toxicity occurred
because many current chemotherapeutic drugs have low selectivity and
cannot distinguish between normal cells and tumor cells so it kills both

normal and malignant cells [26].

One of the major side effects of chemotherapy is drug resistance which
may occur after long time of using the chemotherapeutic agent [27], and
that leads to the continuous search for new anti-cancer agents that offers
both selectivity of malignant cells and counter act the mechanisms of
resistance produced by malignant cells. One of the most significant
discoveries for cancer chemotherapy in the 20" century is the cisplatin
[28].Cisplatin is very effective in treating different types of cancer
particularly testicular cancer which has a cure rate exceeds 90% [29].
However, the treatment is limited by several side effects including
nephrotoxicity, emetogenesis, hepatotoxicity and neurotoxicity [30]. Also
cisplatin is not orally bioavailable and both the inherited and acquired
resistance limits its usage [31]. These obstacles have motivated the
extensive search for other active antitumor metal-based complexes with
improved pharmacological properties. Metal complexes may undergo both
which allow them to participate in a variety of biological redox chemistries

and interact with different biological substrates [32, 33].



1.6 Anticancer activity of metal ions

Medicinal inorganic chemistry is an important field of chemistry that
provide the chance to design novel metal-based therapeutic and diagnostic
agents not readily available to organic compounds, also it can utilize the
unique properties of metal ions to design new drugs[34]. The use of metals
in medical application could be traced back to 5000 years [35]. The modern
effort and search for metal based treatments is triggered by the discovery of
cisplatin in 1965, this discovery has led to a new unexplored world of metal
based therapeutic agents which have different kinetics and mechanism of

action from those in conventional organic drugs [36].

Metal ions have essential roles in osmotic balance, signal transduction,
functions of various proteins, nucleic acids, lipids and glycans. In fact,
about 30-40% of all proteins contain metal ions and metalloenzymes
catalyze some of the most mysterious reactions found in nature such as

nitrogen fixation, water splitting and methane oxidation[37].

An important feature of metal ions is that they easily lose electron from
their elemental state to form a positively charged ions which make it
soluble in biological fluids. In this cationic form that metal become active
in biological reactions, because of its electron deficient positively charged
state while most of biomolecules such as proteins and DNA are electron
rich negatively charged.The attraction between these opposing charges
leads to a general tendency for metal ions to bind to and interact with

biomolecules [38]. Metal complexes with labile ligands known with its



tendency to do ligand substitution reactions with biomolecular targets, they
can bind to nitrogen, sulfur or selenium atoms of histidine, cysteine or
selenocysteine residues in protein which give eventually the desired

therapeutic effect [39].

Metal ions have been used in chemotherapy as anticancer agents to target
the DNA directly such as cisplatinwhich covalently bond to DNA and
forming adducts that lead to interstrand and intrastrand crosslinks which
causes significant distortion of helical structure and result in inhibition of
DNA replication and transcription which finally trigger cell death [40-42].
In order to overcome cisplatin toxicity and tumor resistance efforts are
being made to find new metal based anticancer agents which are capable to
overcomethese problems and maintain its efficacy. Nowadays, there are
many other metal based drugs have different mode of actions such as non-
covalent DNA interactions, protein targeting such as histone deacetylase,
telomerase, topoisomerase and protein kinases, numerous metal complexes
mediate cytotoxic activity through enzyme inhibition, others using metal as
scaffold rather than as reactive center , superoxide dismutase mimic and
produce oxygen radicals [8, 30, 34, 39].In order to find metal complexes
with less side effects and similar or better cytotoxicity, a wide variety of
metal complexes based on gold, ruthenium, manganese, iron, titanium,
gallium, germanium, palladium, cobalt and copper are being intensively
studied as platinum replacements[30, 33, 36, 38, 43, 44].Moreover, copper

(1) based complexes appear to be very promising candidate for anticancer



treatment and this idea is supported by a lot of studies and researches that
characterize the synthesis and cytotoxic activities of numerous copper (I1)

complexes [45-48]
1.7 Copper complexes as anticancer agent

Copper is found in all living organisms and is an essential trace element in
redox chemistry, growth and development[49]. It has an important role
inseveral enzyme function and proteins, implicated in energy metabolism,
respiration, DNA synthesis, cytochrome oxidase, superoxide dismutase,
ascorbate oxidase and tyrosinase[50, 51].Copper exist in the body in both
oxidation states oxidized Cu (Il) and reduced Cu (1).The actual concern in
copper complexes is coming from their potential use as antimicrobial,
antiviral, anti-inflammatory, antitumor agents, enzyme inhibitors or

chemical nucleases [52].

The recommended daily intake of copper in healthy adults is between 1.5 to
3.0 mg/day[53]. Copper requires tightly regulated homeostatic mechanisms
to guarantee the sufficient supplies without any toxic impacts [54].
Overload or deficiency of copper is correlated with Wilson disease (WD)
and Menkes disease (MD) respectively of which both are considered of
genetic origin[55].Researches on Wilson and Menkes disorders supplied
helpful insights in the domain of copper homeostasis especially into
understanding of intracellular trafficking and distribution of copper at
molecular level, identifying potential new function for copper and copper

metabolism proteins in cellular signaling, gene expression, and cancer cells
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proliferation[56].In cancer cell proliferation the abnormal accumulation of
copper by cancer cells might demonstrate to be a differentiating
characteristic of mutated vs. healthy cells that can be targeted by novel
chemotherapeutic agents. Elevated levels of copper have been found in
many types of human cancers, including prostate, breast, colon, lung and
brain[57]. Furthermore, a specific amount of local copper appears to be

required for angiogenesis to occur[58].

At molecular level copper complexes interact directly with proteins and
DNA, leading to dysfunction and cleavage of macromolecular structure, or
indirectly producing reactive oxygen species that attack and degrade
biomolecules[59, 60]. Besides DNA binding, intercalation and cleavage
activity, superoxide dismutase mimetic activity, as well generation of ROS
(reactive oxygen species) all these intra cellular events trigger cancer cell
death by apoptotic mechanism. On the other hand, a non-apoptotic form of
programmed cell death has been evidenced recently in human cancer cells
treated with both copper (I) and copper (1) complexes[59, 61-65]. The
effect of ligand chelation may also be important for biological activity of
the complexes by influencing the hydrophilic/lipophilic nature of the
copper complex; also their role in the stability of copper coordination
compound. Regarding this, it looks that cytotoxic copper-based species
should be stable enough to carry the metal to the desire target without

irreversible and nonselective interactions with other biomolecules on way
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to the cell, but sufficiently labile to allow the metal to interact with the

appropriate binding site when the target substrate is reached[29].

The first evidence that copper complexes may have antitumor activity is as
thiosemicarbazones complexes (TSCs) which is a class of medicinal
compounds whose their anticancer activity has been reported in early
1960sand some of them are in clinical practice[66-68].TSCs have been
heavily studied due to their inhibitory action on the DNA enzyme
ribonucleotide diphosphate reductase and their selectivity to hormone-

responsive cancers[69].
1.8 Copper polyamines complexes

Seven novel copper (1) complexes, derived from
dipropylenetriaminetripodal N,N,N-ligand and diamines N,N-ligands, have
been synthesized by Dr. Ismail Warrad team. Diverse types of diamines
and triamine ligands were complexed with mononuclear dicationic Cu (Il)
ions in facile one pot reaction with high yield. These complexes were then
characterized by spectroscopic, thermal, electrochemical and X-ray
crystallographic techniques. The UV-Visible and single-crystal X-ray
diffraction data show distorted trigonal bipyramidal geometry around Cu
(11) ions with one solvated water molecule. The thermogravimetric analyses
indicate that these complexes contain one water molecule and they
decompose in three steps. The cyclic voltammetric studies indicate Cu-

complex to Dbe a quasi-reversible one-electron couple.Promising
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antibacterial results were collected by testing these complexes against

several bacterial families[70].
1.9 The aim of the study

Studying the anticancer activity of seven novel copper (II) polyamine
complexes by assessing their in vitro cytotoxic and cytostatic activity by

using cancer cell lines.

The following four cell lines were used: human muscle cell as normal cell
control (L6), human prostate cancer (PC3), human colon cancer (Hct) and

human liver cancer (HepG2).
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Chapter Two
Material and Methods
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2. Material and Methods

2.1 Chemical material

Chemical complexes were prepared by Dr. Ismail Warad team and exist as
a solid blue powder in 7 vials numbered from 1 to 7 and ready to prepare

stock solution[70].
2.2 Preparation of stock solution

1.5 mg of each complex were dissolved in 30 ml of media (RPMI)
supplemented with 1% non-essential amino acid, 1% I-glutamine, 1%
penicillin streptomycin and 1% amphotericin B . The final concentration of

0.5 mg/ml the prepared stock solution was stored at 4°C until use.

2.3 Cell culture
2.3.1 Cell lines

Human colon cancer cells (HCT116, ATCC number: CCL-247, human,
from the epithelial tissue of the colon) , human prostate cancer cells (PC3,
ATCC number: CRL-1435,human, from human prostate), human liver
cancer cells (HepG2, ATCC number: HB-8065, human, from the epithelial
cells of the liver) and normal muscle cells (L6, ATCC number: CRL-1458,
human, from the skeletal muscle) were grown in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal calf serum, 1%
non-essential amino acid, 1% l-glutamine, 1% penicillin streptomycin and

1% amphotericin B. All cell lines were grown in a humidified atmosphere
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of 95% air, 5% CO, at 37°C, the culture medium was changed at least twice
a week as needed. All chemicals used were purchased from Biological
Industries except for the amphotericin B and MTT reagent from SIGMA

Company and cell lines were provided by Prof. Bashar Saad.
2.4 Determination of cell viability
2.4.1 MTT Assay

Viable cells have the ability to reduce the yellow colored water soluble 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) to a
water insoluble purple colored formazan crystals by a functional
mitochondria via succinate dehydrogenase which provide a quantitative

determination of viable cells[71].

After the cells were seeded in 100 ul DMEM media in 96-well plate
then treated for 24h with various concentrations of the prepared stock
solution of the chemical complexes, then incubated for another 24h in
37°C. After the take of treatment solution, 100ul of MTT (0.5 mg/ml) was
added then incubated for 4 hours in 37°C. After 4 hours the MTT solution
was removed and 100ul of isopropyl alcohol and formic acid (9:1) solution
was added to dissolve the formazan crystals then incubated for 15 min in
the dark at room temperature. After that the Optical Density of the MTT
formazan was determined at 570 nm in an enzyme linked immunosorbant
assay (ELISA) reader and cell viability was defined as a percentage of

absorbance of treated cells to the control.
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2.4.2 Cytotoxicity Assay

Cells at 70-80% confluence were detached from culture flask by removing
the culture medium then adding 0.05% trypsin- EDTA and a suspension of
100 pl (2.0 x10* cells/well) of viable cells were seeded in a 96-well plate
and incubated for 24 h at 37°C. After the removal of media cells were
treated with 100 pl stock solution serially diluted to reach concentrations of
0.5, 0.25, and 0.125 mg/ml for complexes 2, 4, 5 6 and 7, and
concentrations of 0.5, 0.25, 0.125, 0.0625 and 0.03125 mg/ml for

complexes 1 and 3, then incubated for 24 h at 37°C to perform MTT assay.

2.4.3 Cytostatic Assay

In order to determine the cytostatic effect of the chemical complexes, a
less number of cells were seeded in each well (1.0 x 10* cells/well) and
incubated for 24h at 37°C. Then the medium were removed and cells were
treated with 100l of the chemical complexes of the same concentrations as
mentioned in previous section then incubated for 24h at 37°C to perform

the MTT assay.
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Chapter Three
Results and Discussion
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3. Results and Discussion

Cancer still one of the major health issues worldwide and chemotherapy is
widely used to treat cancer regardless of its side effects. We used seven
novel copper (I1) polyamine complexes to screen their anti-tumor effect on
different cell lines, human muscle cell as normal cell control (L6), human
prostate cancer (PC3), human colon cancer (Hct) and human liver cancer
(HepG2) by using MTT test to evaluate the in vitro cytotoxic and cytostatic

effects of our complexes.
3.1 Synthesis of the complexes

Mixed-ligand copper(ll) complexes of the type [Cu(dipn)(N-N)] X, (C1-
C7), dipn is dipropylenetriamine (dipn) and (N-N) is ethylenediamine (C1)
and propylamine (C2), were synthesized by the reaction of amines ligands
with Cu(ll) ions in [1:1:1] molar ratio in a mixture of ethanol: water
(Scheme 1.1). These complexes have been isolated as bromide C1-C2 or
chloride C3-C4 or nitrate C5-C7 salts in good yields[70]. They have been
characterized using elemental analysis and spectral methods[72] .Theses

complexes are blue in color and are soluble in water.
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Scheme 3.1: Synthesis of copper complexes (C1, C2, C3, C4, C5, C6 “the starting material”
and C7) using different counter ions (Br, Cl and NO3).
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3.2 Cytotoxic effect of copper (1) polyamine complexes

Cells were seeded on 96 well plate, 2x10%cell/well with 40-50%
confluence, and left for 24 hours.Cells were treated with 100 pl stock
solution serially diluted to reach concentrations of 0.5, 0.25, and 0.125
mg/ml for complexes 2, 4, 5, 6 and 7 respectively, and concentrations of
0.5, 0.25, 0.125, 0.0625 and 0.03125 mg/ml for complexes 1 and 3 then
incubated for 24 hours. Cell viability was determined using MTT assay by
adding MTT solution and incubated for four hours, after that isopropyl
alcohol was added for 15 minutes in dark. Then absorbance was measured

by using ELISA reader at 570 nm.
3.2.1 Cytotoxic effect of the complexes on L6 Cells (normal cells)

Results show that most of the complexes have a cytotoxic effect on L6 cells
at concentrations higher than 0.25 mg/ml except for C6 which did not
reduce the cell viability at any concentration and C1 and C3 induced
cytotoxic effect at very low concentration 0.03125 mg/ml.IC50 for the
complexes were C1 0.07, C2 0.18, C3 0.07, C4 0.17, C5 0.11 and C7 0.09
(Figure 3.1, Table 3.1).The lines represent the mean of three independent
experiments carried out in triplicates. In fact C1 and C3 have exactly the

same effect on L6 cells and that’s why their lines overlap.
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Cytotoxic effect of the Drugs on L6 Cells
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Figure 3.1: Cytotoxic experiment with L6 cellsusing different types of copper complexes in a
humidified atmosphere, cells incubated with the complexes for 24 hours, the lines represent the
mean of three independent experiments carried out in triplicates.

Figure 3.2: L6 cells in culture plate before seeding on 96 well plate (400X).
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3.2.2 Cytotoxic effect of the complexes on Hct Cells (colon cancer)

Three complexes induced a cytotoxic effect on Hct cells at concentrations
higher than 0.5 mg/ml C2, C4 and C5,while C1 and C3 induced
cytotoxicity at very low concentration 0.03125 mg/ml and C7 induced
cytotoxicity at concentrations higher than 0.25 mg/ml but C6 didn’t reduce
the cell viability at any concentration. IC50 for the complexes wereC1l
0.03, C20.3, C30.015, C4 0.33, C5 0.2 and C7 0.2 (Figure 3.3, Table 3.1).
The lines represent the mean of three independent experiments carried out
in triplicates. Actually C1 and C3 exhibited promising antiproliferative
activity against the tested cell line with 1C50 values of (0.03, 0.015) These
values are promising if compared with the IC50 value of the same
complexes on the normal cell line L6 with value of 0.07 which indicates

that these complexes have an anticancer effect at nontoxic concentrations.



23

Cytotoxic effect of the Drugs on Hct Cells
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Figure 3.3: Cytotoxic experiment with Hct cells using different types of copper complexes in a
humidified atmosphere, cells incubated with the complexes for 24 hours,the lines represent the
mean of three independent experiments carried out in triplicates.

Figure 3.4: Hct cells in culture plate before seeding on 96 well plate (400X).
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3.2.3 Cytotoxic effect of the complexes on PC3 cells (prostate cancer)

Four complexes induced cytotoxic effects at concentrations higher than 0.5
mg/ml on PC3 cells C2, C4, C5 and C7, while Cland C3 induced
cytotoxicity at very low concentration 0.03125 mg/ml but C6 didn’t reduce
the cell viability at any concentration. 1C50 for the complexes were C1
0.02, C2 0.17, C3 0.015, C4 0.17, C5 0.1 and C7 0.17 (Figure 3.5, Table
3.1). The lines represent the mean of three independent experiments carried
out in triplicates. C1 and C3 possess promising antiproliferative activity
against PC3 cell line with IC50 values of (0.02, 0.015) These values are
promising if compared with the IC50 value of the same complexes with
IC50 values on the normal cell line L6 with value of 0.07 which indicates

that these complexes have an anticancer effect at nontoxic concentrations.

Cytotoxic effect of the Drugs on PC3 Cells
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Figure 3.5: Cytotoxic experiment with PC3 cells using different types of copper complexes in a
humidified atmosphere, cells incubated with the complexes for 24 hours,the lines represent the
mean of three independent experiments carried out in triplicates.
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Figure 3.6: PC3 cells in culture plate before seeding on 96 well plate (400X).
3.2.4 Cytotoxic effect of the complexes on HepG2 Cells (liver cancer)

Three complexes induced cytotoxic effect at concentrations higher than
0.25 mg/ml which are C2, C4 and C5 while Cland C3 induced cytotoxic
effect at very low concentration 0.03125 mg/ml. C7 induced cytotoxic
effect at concentrations higher than 0.17 mg/ml but C6 didn’t reduce cell
viability at any concentration. 1C50 for the complexes were C1 0.015, C2
0.1, C3 0.015, C4 0.18, C5 0.1 and C7 0.07(Figure 3.7, Table 3.1). The
lines represent the mean of three independent experiments carried out in
triplicates. Complexes C1, C3 and C2, C5 have exactly the same effect on
HepG2 cells and that’s why their lines overlap. C1, C3 and C7have
promising antiproliferative activity against HepG2 cell line with 1C50

values of (0.015, 0.015, 0.07) These values are promising if compared with
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the 1C50 value of the same complexes on the normal cell line L6 with value
of 0.07 for C1 and C3 and 0.09 for C7 which indicates that these

complexes have an anticancer effect at nontoxic concentrations.

Cytotoxic effect of the Drugs on HepG2

Cells
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Figure 3.7: Cytotoxic experiment with HepG2 cells using different types of copper complexes
in a humidified atmosphere, cells incubated with the complexes for 24 hours,the lines represent
the mean of three independent experiments carried out in triplicates.

Figure 3.8: HepG2 cells in culture plate before seeding on 96 well plate (400X).
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Table 3.1 IC50 for the cytotoxic effect of the complexes on L6, Hct, PC3 and HepG2.

Cell line IC50 (mg/ml)
C1l C2 C3 C4 C5 C6 C7
L6 0.07+0.01 |0.18+0.03| 0.07/+0.01 |0.1/+0.07 | 0.11+0.002 | ----- 0.09+0.001
Hct 0.03+0.01 | 0.3+0.01 | 0.015+0.003 | 0.33+0.05| 0.2+0.01 | ----- 0.2+0.01
PC3 0.02+0.01 |0.17+0.02 | 0.015+0.002 | 0.17+0.06 | 0.12+0.02 | ----- 0.17+0.05
HepG2 0.015+0.003 | 0.1+0.02 | 0.015+0.002 | 0.18+0.01 | 0.1+0.01 | ----- 0.07+£0.01

Table 3.1:Results shows that complex 1 and complex 3 induced cytotoxic effect on Hct (IC50: 0.03, 0.015), PC3
(1C50: 0.02, 0.015) and HepG2 (1C50: 0.015, 0.015) cell lines at nontoxic level compared to its effect on L6 cell line

(1C50: 0.07). Also complex 7 induced cytotoxic effect on HepG2 cell line (IC50: 0.07) at nontoxic level compared to its
effect on L6 cell line (1C50: 0.09).
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3.3 Cytostatic effect of copper (I1) polyamine complexes

Cells were seeded on 96 well plate, 1x10%cell/well with 40-50%
confluence, and left for 24 hours. Cells were treated with 100 ul stock
solution serially diluted to reach concentrations of 0.5, 0.25, and 0.125
mg/ml for complexes 2, 4, 5, 6 and 7, and concentrations of 0.5, 0.25,
0.125, 0.0625 and 0.03125 mg/ml for complexes 1 and 3 then incubated for
24 hours. Cell viability was determined using MTT assay by adding MTT
solution and incubated for four hours, after that isopropyl alcohol was
added for 15 minutes in dark. Then absorbance was measured by using

ELISA reader at 570 nm,
3.3.1 Cytostatic effect of the complexes on L6 cells (normal cells)

Results shows that Cland C3 induced cytostatic effect at very low
concentration 0.03125 mg/ml, C4 and C2 at higher than 0.25 mg/ml, C7 at
higher than 0.125 mg/ml, C2 at higher than 0.5 mg/ml and C6 did not
reduce cell viability at any concentration. 1C50 of the complexes were C1
0.02, C2 0.25, C3 0.02, C4 0.18, C5 0.11, C6 0.4 and C7 0.07 (Figure 3.9,
Table 3.2). The lines represent the mean of three independent experiments

carried out in triplicates.
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Cytostatic effect of the Drugs on L6 Cells
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Figure 3.9: Cytostatic experiment with L6 cells using different types of copper complexes in a
humidified atmosphere,cells incubated with the complexes for 24 hours,the lines represent the
mean of three independent experiments carried out in triplicates.

3.3.2 Cytostatic effect of the complexes on Hct cells (colon cancer)

Four complexes induced cytostatic effect at concentrations more than 0.5
mg/ml which are C2, C4, C5 and C7. C1 induced cytostatic effect at
0.125mg/ml, C3 at very low concentration 0.03125 mg/ml and C6 didn’t
reduce the cell viability at any concentration. IC50 of the complexes were
C10.04,C20.37,C30.02, C4 0.25, C5 0.27 and C7 0.18 (Figure 3.10,
Table 3.2). The lines represent the mean of three independent experiments
carried out in triplicates. By comparing the IC50 values of all complexes
onHct cells with the IC50 of the same complexes on L6 it indicates that
their cytostatic activity on Hct cells considered toxic to the normal cells

and not promising.
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Cytostatic effect of the Drugs on Hct Cells
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Figure 3.10: Cytostatic experiment with Hct cells using different types of copper complexes in
a humidified atmosphere, cells incubated with the complexes for 24 hours,the lines represent the
mean of three independent experiments carried out in triplicates.

3.3.3 Cytostatic effect of the complexes on PC3 cells (prostate cancer)

Complexes C2, C4, C5 and C7 induced cytostatic effect at concentrations
more than 0.5 mg/ml while C1 at 0.125mg/ml and C3 at very low
concentration 0.03125 mg/ml and C6 didn’t reduce the cell viability at any
concentration. IC50 of the complexes were C1 0.015, C2 0.37, C3 0.015,
C4 0.45, C50.17 and C7 0.19 (Figure 3.11, Table 3.2). The lines represent
the mean of three independent experiments carried out in triplicates.
Actually C1 and C3 exhibited promising antiproliferative activity against
the tested cell line with IC50 values of 0.015 for both complexes This
values are promising if compared with the IC50 value of the same
complexes on the normal cell line L6 with value of 0.02 which indicates

that these complexes have an anticancer effect at nontoxic concentrations.



31

Cytostatic effect of the Drugs on PC3 Cells
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Figure 3.11: Cytostatic experiment with PC3 cells using different types of copper complexes in
a humidified atmosphere,cells incubated with the complexes for 24 hours, the lines represent the
mean of three independent experiments carried out in triplicates

3.3.4 Cytostatic effect of the complexes on HepG2 cells (liver cancer)

Three complexes induced cytostatic effect at 0.25 mg/ml C2, C4 and C7
while C5 at 0.17mg/ml, C1 and C3 at very low concentration 0.03125
mg/ml and C6 didn’t reduce the cell viability at any concentration. IC50 of
the complexes were C1 0.015, C2 0.15, C3 0.015, C4 0.13, C5 0.09 and C7
0.11(Figure 3.12, Table 3.2). The lines represent the mean of three
independent experiments carried out in triplicates. C1, C3, C4 and C5 have
promising antiproliferative activity against HepG2 cell line with 1C50
values of (0.015, 0.015, 0.13, and 0.09). These values are promising if
compared with the IC50 value of the same complexes on the normal cell
line L6 with value of 0.02 for C1 and C3, 0.18 for C4 and 0.1 for C5 which
indicates that these complexes have an anticancer effect at nontoxic

concentrations.
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Cytostatic effect of the Drugs on HepG2
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Figure 3.12: Cytostatic experiment with HepG2 cells using different types of copper complexes
in a humidified atmosphere,cells incubated with the complexes for 24 hours, the lines represent
the mean of three independent experiments carried out in triplicates.
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Table 3.2 IC50 for the cytostatic effect of the complexes on L6, Hct, PC3 and HepG2.

Cell line IC50 (mg/ml)

Cl C2 C3 C4 C5 C6 C7

L6 0.02+0.001 | 0.25+0.02 | 0.02+0.001 | 0.18+0.03 | 0.1+0.03 | 0.4+0.01 | 0.0/+0.01

Hct 0.04+0.003 | 0.37+0.04 | 0.02+0.001 | 0.25+0.05| 0.27+0.07 | >0.1- |0.18+0.03

PC3 0.015+0.002 | 0.37+0.04 | 0.015+0.002 | 0.35+0.03 | 0.17+0.06 | >0.1- | 0.19+0.04

HepG2 | 0.015+0.002 | 0.15+0.002 | 0.015+0.002 | 0.13+0.01 | 0.09+0.01 | >0.1- | 0.11+0.02

Table 3.2: Results shows that complex 1 and complex 3 induced cytostatic effect on PC3 and HepG2 (1C50: 0.015)
cell lines at nontoxic level compared to its effect on L6 cell line (IC50: 0.02), also complex 4 and complex 5
induced cytostatic effect on HepG2 cell line (IC50: 0.13, 0.09) at nontoxic level compared to its effect on L6 cell
line (1C50: 0.18, 0.1).



34

Figure 3.13: (A) HepG2 cells before treatment (Photo taken at 400X). (B) HepG2 cells after
treatment with 0.125mg/ml of C1 (Photo taken at 400X).

Figure 3.14: (A) HepG2 cells before treatment (Photo taken at 400X). (B) HepG2 cells after
treatment with 0.125mg/ml of C3 (Photo taken at 400X).
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Figure 3.15: (A) HepG2 cells after 4 hours incubation with MTT formazan crystals are clearly
visible (Photo taken at 400X). (B) HepG2 cells after 15 minute incubation with isopropanol in
dark formazan crystals are dissolved (Photo taken at 400X).

Figure 3.16: (A) 96 well plate after treatment with different concentration of complexes C1,
C2, C3, C4, C5, C6 and C7. (B) The same 96 well plate after 4 hours incubation with MTT. (C)
The same 96 well plate after 15 minute incubation in dark with isopropanol.
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Conclusion and Perspective

In conclusion, such of these complexes revealed promising results as anti-
proliferative agents in nontoxic levels on different cancer cell lines for
example C1 and C3 which induced cytotoxic effect and cytostatic effect at
very low concentrations so in further studies we recommend to use even
lower concentration in order to decrease the toxicity level to its minimum.
We also recommended doing additional studies to determine apoptosis such

as caspase-3, DNA fragmentation and DNA laddering.
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