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Abbreviation list

Abbreviations Title
ADP-ribose Adenosine diphosphate riboe
AIF Apoptosis inducing factor
AN-9 pivaloylomethyl butyrate
Apaf-1 Apoptotic peptidase activating factor 1
ATM ataxia telangiectasia, mutated
Bax is a protein of the Bcl-2 gene family
Bcl-x This protein is a member of the BCL2 family of

proteins
C- Jun
NH2.terminal
kinase

The c-Jun NH2-terminal kinase (JNK) is activated by
the cytokine tumor necrosis factor (TNF). This
pathway is implicated in the regulation of AP-1-
dependent gene expression by TNF

Caspase 8 A caspase protein. It most likely acts upon caspase 3
Caspase 9 The aspartic acid specific protease linked to the

mitochondrial death pathway
Cat Catalase
CDK2 A human gene
CHk1 serine/threonine kinase involved in the induction of

cell cycle checkpoint and is essential for the G2/M
DNA damage-induced checkpoint

Cycline D1 A protein functions as regulators of CDK kinases
DFF40/CAD DFF40/CAD is released and activated and eventually

causes the degradation of DNA in the nuclei
DFF45/ICAD subunit of the heterodimeric DNA fragmentation factor

(DFF), otherwise known as caspase-activated DNase
(CAD), that mediates genomic DNA degradation
during apoptosis

DMSO Dimethylsulfoxide
DNA Deoxyribonucleic acid
DNAase endonuclease that nonspecifically cleaves DNA to

release di-, tri- and oligonucleotide products
DNA-Pk DNA-activated protein kinase
DSBs double-strand breaks
EAC Ehrlish Ascite Carcinoma
ESC Ehrlish solid carcinoma



Fas The FAS antigen is a cysteine-rich transmembrane
protein of 335 amino acids with    significant similarity
to the members of the tumor necrosis factor (TNF) /
nerve growth factor (NGF) receptor superfamily

FAS (CD95) A member of the tumor necrosis factor receptor family
FasL Fas ligand (FasL or CD95L) is a type II

transmembrane protein that belongs to the tumor
necrosis factor (TNF) family

G1 phase A period in the cell cycle during interphase, before
mitosis , cytokinesis, and the S Phase

H2Ax H2AX is one of several genes coding for histone H2A
-H2AX phosphorylated H2AX

HAT Histone acetyltransferase
HDAC Histone deacetylase
HDACIs Histone deacetylase inhibitors
IAPs Inhibitor of apoptosis proteins
IR Ionizing radiation
Kbp kilo base pair(s).
LPx lipid peroxidation
Mbp Mega base pairs
mRNA Messenger ribonucleic acid
MS-275 N-(2-aminophenyl)-4-[N-(pyridine-3-ylmethoxy
MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide
Nab sodium butyrate, A-161906, 7-[4-(4-cyanophenyl)

phenoxy]- Heptanohydroxamic
Noxa a pro-apoptotic member of the Bcl-2 protein family
Omi /HtrA2 a serine protease released from mitochondria during

apoptosis. Omi interacts with caspase-inhibitor XIAP
and induces enhanced caspase activity

P16 Tumor suppressor protein, which in humans is encoded
by the CDKN2A gene

P21CIP1 Cyclin-dependent kinase inhibitor 1A; MDA-6; P21;
p21Cip1; p21Cip1/Waf1; p21WAF
SDI1; Waf1 Inhibitor protein

P21Waf /CIP An inductors of cell cycle arrest at the G1-checkpoint
p27 (gene) A human gene
P53 protein 53



PARP poly (ADP-ribose) polymerase
PIQSA The novel chemical compound used in the present

investigation, it is a quinoline derivative with a
sulfonamide moiety

Rb retinoblastoma protein
ROS Reactive oxygen species
SAHA suberoylanilide hydroxamic acid
Ser15 Serine 15
SIR2 silent information regulator
Smac An inhibitor of IAPs
SOD superoxide dismutase
TBP-2 Trx binding protein 2
TBp-2 TATA box binding protein like 2)
TRAIL
receptors

Like Fas and TNF receptor-1, the cytoplasmic
segments of both DR4 and DR5 contain a death
domain and transduce an apoptosis signal following
TRAIL binding through a death-inducing signaling
complex

Trx Thioredoxin
TSA Trichostatin A
TSA trichostatin A
Wt p53 wild type p53

γ-IR Gamma ionizing radiation



Contents
Title Page

No.

Chapter 1:

1.1 Introduction 2

1.2      Aim of the work 6

Chapter II: Review of Literature

1-What is cancer 10

2-Cancer Therapy 16

2 .1     Radiation therapies or radiotherapy 17

2..2     Chemotherapy: 20

3-Anti-Cancer drugs: 23

3.1   Histonedeacetylase Inhibitors 31

3.2   Mode of Action of HDAC Inhibitors in Cancer Cells: 32

3.3   Effects of HDACIs on Cells in Culture 36

3.4   Effects of HDACIs on Tumor Bearing Animal Model: 37

3.5   P21 as a histone deacetylase inhibitor 37

3.6   Sulfonamides as Anticancer Agent: 38

4-   The normal cell cycle and its Molecular mechanisms 42

5-  Cell cycle and cancer overlap: 50

6- Histone deacetylase inhibitors and cell cycle 55

7- DNA Fragmentation: 56

8- Cell Death: 60

9- Factors Which Determine Whether the cell Engages in

Apoptosis or Necrosis

63

12- The major apoptotic pathways 64



13- The Role of the Cyclin-dependent Kinase Inhibitor p21 in

Apoptosis

67

14-HDACIs and induction of apoptosis 71

15-HDAC inhibitor-mediated enhanced radiation sensitivity : 74

Chapter III: Materials and Methods 80

1. Materials 81

1.1 In Vitro Study 81

1.1.1 Tumour models 81

1.1.1.2 Chemicals and reagents 81

1.2  Gamma-irradiation source 82

II. Methods 83

1- Cell viability assay 83

1.1Trypan blue exclusion method 83

1.2 MTT assay and antitumor activity of the tested compounds
against human tumor cell lines

85

2- In-vivo studies 87

2.1  Animals 87

2.2  Experimental design 87

2.3 Determination of acute toxicity and LD50 88

2.4 Tumor volume determination 89

2.5 Blood, Tissue sampling and plasma preparation 89

2.6 Colorimetric histone deacetylase (HDAC)Activity Assay Kit 90

2.7 DNA fragmentation Assay 93

2.8 Histochemical Detection of Apoptosis 94

2.9  Flow cytometry and Cell cycle analysis 94

2.10 Determination of lipid peroxidation level 97

2.11 Determination of glutathione content (GSH reduced form) 98



2.12 Determination of superoxide dismutase activity (SOD) 100

2.13 Determination of catalase activity 102

2.14  Determination of plasma total lipid concentration. 106

2.15  Determination of Plasma cholesterol level 107

2.16  Estimation of plasma Triglycerides 108

2.17  Estimation of plasma HDL-Cholesterol 110

2.18  Assessment of plasma LDL-Cholesterol 111

2.19. Estimation of aspartate aminotransferase (AST) activity 111

2.20 Estimation of alanine aminotransferase (ALT) activity 113

2.21 Estimation of urea in plasma 114

2.22 Estimation of creatinine in plasma 116

2.21 Hematological Examination 117

3- Statistical analysis 117

Chapter IV  Results ١١٨

Chapter V   Discussion ١٧3

Conclusion ٢20

Chapter VI  Summary ٢22

Chapter VII References ٢30

Chapter VIII  Arabic summary ٢79



List of Tables

Table
No. Title Page

No
Table. 1 Cyclin and Cdks used in Cell Cycle 43

Table. 2 The effect of Compounds 1 and 2 on the viability
of EAC cells determined by trypan blue exclusion
test

121

Table.3 The effect of Compounds 3, 4 (PIQSA) on the
viability of EAC determined by trypan blue
exclusion test

122

Table.4 The effect of compound-4 (PIQSA) on
EAC viability by trypan blue exclusion test

123

Table.5 Cytotoxic activity of PIQSA
compound on Lung carcinoma cell
line (H460)

125

Table.6 Cytotoxic activity of PIQSA
compound on brain carcinoma cell
line (U251)

126

Table.7 Cytotoxic activity of PIQSA
compound on liver carcinoma cell
line

127

Table.8 Effect of different treatments on body weight gain, tumor
weigh and tumor Volume in mice bearing tumor under
different treatments

131

Table.9 The effect of different treatment on histone
Deacetylase(HDAC) activity and DNA fragmentation of
mice bearing tumors

134

Table.10 Effect of different treatments on apoptotic cell death of
mice bearing tumors under different experimental
conditions

137

Table.11 Effect of different treatments on the distribution of cell
cycle    phases of mice bearing tumors under different
treatments and experimental conditions

145



Table.12 Lipid peroxide and glutathione content, SOD and CAT
activity levels in the liver homogenates of mice bearing
tumors under different treatments

147

Table.13 Effect of different treatments on lipid peroxidation,
glutathione content and antioxident enzymes (CAT and
SOD) in liver homogenates of mice bearing tumors under
different experimental conditions

150

Table.14 Lipid profile in plasma of normal mice under different
treatments conditions

153

Table.15 Effect of different treatments on lipid profile of mice
bearing tumors under different experimental conditions

156

Table.16 Effect of different treatments on plasma liver enzymes in
normal mice under different experimental conditions

158

Table.17 Effects of different treatments on plasma liver enzymes in
mice bearing tumors under the different treatment
conditions

160

Table.18 Effect of the different treatments on creatinine and urea in
plasma of normal mice under different treatments

162

Table.19 Effects of different treatments on plasma creatinine and
urea of mice bearing tumors under different experimental
conditions

164

Table.20 Hematological parameters in normal mice under different
treatments

167

Table.21 Hematological parameters in mice bearing tumors under
different treatments

168



List of Images and figures

No of
Image/Fig. Title Page

 No.
Image.1 stem-cell systems 13

Image.2 The Metastatic Process 15

Image.3 Sites of actions of cytotoxic agents 21

Image.4 Schematic of the structure of histones in
nucleosomes

25

Image.5 Acetylation and deacetylation of the lysine residue 26

Image.6 Histone acetylation and Transcriptional activators
and repressors

27

Image.7 Diagram depicting the different phases of the cell
cycle, together with the major cyclin/CDK
complexes and check points involved in each phase

44

Image.8 Diagram depicting the different phases of the cell
cycle, together with Check points involved in each
phase

45

Image.9 Hallmarks of the apoptotic and necrotic cell death
process

61

Image.10 The Extrinsic and the Intrinsic (Mitochondrial)
Pathways of Apoptosis

67

Image.11 p21 is a major inhibitor of p53-dependent and p53-
independent apoptosis

69

Fig.1 Standard Curve for HDAC enzyme 93

Fig.2.a Standard curve: Relation between formaldehyde
concentration and catalase activity

105

Fig.2.b Standard curve: Relation between formaldehyde
concentration and catalase activity

105



Fig.3 The percentage of non-viable cells under the effect
of different concentrations of compounds (1&2)

120

Fig.4 The percentage of non-viable cells under the effect
of different Concentrations of compounds (3&4)

122

Fig.5 Percent change in EAC cell viability under the
treatment of PIQSA compound

123

Fig.6 Cytotoxic activity of PIQSA compound on Lung
carcinoma cell line (H460)

125

Fig.7 Cytotoxic activity of PIQSA compound on brain
carcinoma cell line (U251)

126

Fig.8 Cytotoxic activity of PIQSA compound on liver
carcinoma cell line (HepG2)

127

Fig.9 LD50 of PIQSA compound in normal mice 128

Fig.10 Percentage changes in Body Weight gain in animals
bearing tumor under different treatments

131

Fig.11 Percent changes in tumor weight in animals bearing
tumor under different   treatments

132

Fig.12 Percentage changes in tumor volume in animals
bearing tumor under different treatments

132

Fig.13 Percent changes in HDAC activity in animals
bearing tumors under different treatments

134

Fig.14 Percent changes of DNA fragmentation in mice
bearing tumors under different treatments and
experimental condions

135

Fig.15 Percentage of apoptotic cell death in mice bearing
tumors under different treatments and experimental
condions

137

Plate (1) Showing different regions of the tumours in animal
group bearing tumors.

139



Plate (2) Indicating different regions of the tumours under the
effect of chemotherapeutic treatment  with PIQSA
in mice bearing tumors .

140

Plate (3) Showing the effect of γ-IR treatment on tumours in
mice bearing ESC.

141

Plate (4) Depicted the effect of chemo-radiotherapeutic
combination on tumours in mice bearing ESC

142

Fig.16 Percent change in distribution of cell cycle phases in
mice bearing tumors under different treatments and
experimental condions

145

Fig.17 Percentage change in lipid peroxidation, glutathione
content and antioxident enzymes (CAT and SOD)
activity in the liver homogenates of normal mice
under different treatments and experimental
condions

147

Fig.18 Percentage change in lipid peroxidation, glutathione
content and antioxident enzymes (SOD and CAT)
activity in liver of mice bearing tumors under
different treatments and experimental condions

150

Fig.19 ipid profile in plasma of normal mice under
different treatments

153

Fig.20 Lipid profile in plasma of animals bearing tumors
under different treatments

156

Fig.21 Percent change in liver enzymes activity in plasma
of normal mice under different treatments

158

Fig.22 Percent change in liver enzymes in plasma of mice
bearing tumors under different treatments

160

Fig.23 Percent change in Creatinine and Urea
concentration in plasma of normal mice under
different treatments

162



Fig.24 Percentage change in creatinine and Urea
concentration in plasma of mice bearing tumor
under different treatments

164

Fig.25 Hematological parameters in normal mice under
different treatments

169

Fig.26 Hematological parameters in mice bearing tumors
under different treatments

169



1

Introduction
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Cancer constitutes the largest cause of mortality in the world and

claims over 6 million lives every year (Abdullaev et al. 2000).It is a

disease in which cellular growth regulatory networks are disrupted(Chen

et al.2003). An extremely promising strategy for cancer prevention today

is chemoprevention, which is defined as the use of synthetic or natural

agents (alone or in combination) to block the development of cancer in

humans (Gupta et al. 2004).

Most of anticancer drugs have side effects on human normal cells when

they were used to treat tumor cells (Bi and Jiang ,2006).Therefore cancer

drugs development has moved from conventional cytotoxic

chemotherapeutics to a more mechanism-based targeted approach

towards the common goal of tumor growth arrest (McLaughlin &La

Thangue 2004).

Histones are a family of nuclear proteins that interact with DNA,

resulting in DNA being wrapped around a core of histone octamer within

the nucleosome (Rasheed et al. 2008).They may act through the

transcriptional reactivation of dormant tumor suppressor genes and they

also modulate expression of several other genes related to cell cycle,

apoptosis, and angiogenesis (Shankar & Srivastava, 2008).

Histone acetylation is a reversible process: histone acetyltransferases

(HAT) transfer the acetyl moiety from acetyl coenzyme A to the lysine,

and histone deacetylases (HDAC) remove the acetyl groups re-

establishing the positive charge in the histones (Fang, 2005).In

particular, imbalance in histone acetylation can lead to changes in

chromatin structure and transcriptional dysregulation of genes that are
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involved in the control of proliferation, cell-cycle progression,

differentiation and/or apoptosis.

Histone-deacetylase inhibitors (HDACIs) represent a new class of

antitumor agents currently used in clinical development. They target a

family of enzymes which catalyze histone acetylation modifications, in

particular for histones H2A, H2B, H3 and H4 (Peixoto & Lansiaux,

2006). While histones represent a primary target for the physiological

function of HDACs, the antitumor effect of HDAC inhibitors might also

be attributed to transcription-independent mechanisms by modulating the

acetylation status of a series of non-histone proteins (Shankar &

Srivastava, 2008).

HDAC is especially known to play an important role in carcinogenesis.

The enzyme has been considered a target molecule for cancer therapy.

The inhibition of HDAC activity by a specific inhibitor induces growth

arrest, differentiation, and apoptosis of transformed or several cancer

cells (Peixoto & Lansiaux, 2006).The major focus research in

chemotherapy for cancer includes the identification, characterization, and

development of new and safe cancer chemo representative- agents

(Kellof, 2000). Quinoline derivatives are important biologically active

compounds with anticancer activity (Kim, et al. 2005; Zhao, et al. 2005;

Kouznetsov, et al. 2006; Chen, et al. 2006,). On the other hand, among

the wide range of compounds tested as anticancer agents, sulfonamides

have attracted great attention as many sulfonamide derivatives were

reported to have interesting anticancer activity (Ghorab et al

.2007),which interact with a wide range of different cellular targets.

Many investigators (Bouchain et al. 2003 ;Angibaud, et al. 2005, Finn,

et al. 2005; Jaiswal, et al. 2006 ; Ghorab,et al. 2007; Oh et al. 2007;
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and Hu, et al.2008) developed and synthesized new set of sulfonamide

derivatives of potential antitumor agents and  evaluated for their ability to

inhibit human HDAC activity in human tumor cell lines. Novel non

hydroxamate sulfonamides were designed and synthesized. These

anilides can inhibit human HDAC enzymes and can induce

hyperacetylation of histones in human cancer cells. Also, they selectively

inhibit proliferation and cause cell cycle blocks in various human cancer

cells but not in normal cells. The growth inhibitory activity of

sulfonamide anilides against human cancer cells in vitro is reversible and

is dependent on the induction of histone acetylation (Fournel, et al.,

2002).

Along with surgery and chemotherapy, radiation therapy is one of the

most important methods of cancer treatment. At least 50 percent of all

cancer patients will receive radiotherapy at some stage during the course

of their illness (Tobias, 1992). Radiation-induced acute and late injuries

often represent a limit to the optimal delivery of radiotherapy in cancer

patients (Paoluzzi & Figg, 2004).

Radiotherapy can be combined with certain chemotherapeutic agents to

increase the radiation sensitivity of cancers and to eliminate occult tumor

cells located beyond the effective radiation field. Combined-modality

therapy has produced moderate improvements in the therapeutic outcome

for several cancers (Choy and Milas.2003).

It was reported that histone deacetylase (HDAC) inhibitors might have a

role in controlling different adverse effects from radiotherapy in

preclinical models. They also showed how protection of normal tissues
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and inhibition of tumor growth might be possible at the same time

(Paoluzzi &Figg, 2004).

Recently, strategies to enhance tumor radiosensitivity have begun to

focus on targeting the molecules and processes that regulate cellular

radioresponse. However, recent preclinical studies have indicated that

HDAC inhibitors from structurally diverse classes can enhance both the

in vitro and in vivo radiosensitivity of human tumor cell lines generated

from a spectrum of solid tumors. HDAC inhibitors are in clinical trials as

single modalities, in combination with chemotherapeutic agents, and

recently, in combination with radiotherapy (Camphausen & Tofilon,

2007)
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Aim of the work
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Histone deacetylase inhibitors (HDACIs) are novel classes of

promising anti-cancer agents. They induce the hyperacetylation of

nucleosomal histones in carcinoma cells.

A number of sulfonamides have been found to be effective as antitumor

drugs and also have been synthesized and studied as histone deacetylase

(HDAC) inhibitors that can induce hyperacetylation of histones in human

cancer cells. These studies which include both in-vitro and in-vivo

studies aimed to:

In- Vitro studies aimed to:
 Evaluation of the anti-tumor activity of four synthetic sulfonamide

compounds on EAC cells of mice in-vitro.

 Evaluation of the anti-tumor activity of the most potent compound on

different types of human cancer cell lines.

 Based on the collected data we focused on the in-vivo studies on the

most potent compound.

In-Vivo studies: aimed to:
 Evaluation of the anti-tumor activity of the most potent compound on

ESC tumor transplanted into mice. This study was assessed by

observation of changes with respect to changes in: solid tumor

volume, solid tumor weights, and body weight gain.

 To explore whether the tested compound could induce histone

hypoacetylation in tumor cells.

 To evaluate the efficacy of the tested compound to induce cell cycle

arrest in cells of ESC tumors, and determination of the phase at which

cell arrest will be induced.
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 Induction of DNA fragmentation as the current cancer therapies are

based primarily on radiation and chemotherapy that damaged DNA to

selectively kill fast growing tumor cells.

 As DNA is a key feature of cell apoptosis, evaluation of the efficacy

of the tested compound on the induction of programmed cell death,

and also to differentiate between apoptotic and necrotic cell death will

be taken into consideration.

 Evaluation of the radiosynthetizing effect of the tested compound on

the mouse tumors (ESC) and investigation of the possible combination

effect on enhancement in tumor response.

 Antioxidants play an important role in inhibiting and scavenging

radicals, thus providing protection to humans against infection and

degenerative diseases. From this point of view the present study was

carried out to evaluate the effect of the chosen chemical compound on

lipid peroxidation, glutathione, and antioxident enzymes activity

against ESC cells in Swiss albino mice.

 Finally, to evaluate any adverse effects that may be induced due to

treatment with the novel tested compound on animals by investigation

of some hematological indexes as well as biochemical aspects.
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Review of Literature
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What is cancer?
Cancer occur when cells escape the mechanisms that control cell

growth, and proliferate in an uncontrolled fashion, acquiring the ability to

invade surrounding tissues and metastasize to distant sites. Malignant

cells are genetically unstable, and possess several mutations, each of

which overcomes a natural anti-cancer defense. These mutations continue

to occur even after tumor development, which causes difficulties in

finding treatments for cancers. Genes related to cancer development may

be divided into oncogenes (which act to increase cell proliferation, and

which are upregulated in malignancy) and tumor suppressor genes

(which inhibit cell growth, and are down regulated in cancers). The

abnormal activity of oncogenes and tumor suppressor genes may promote

tumor growth in a number of ways. They may result in the production of

stimulatory growth signals via alterations in extracellular growth factors

or their receptors or by alterations in intracellular signaling pathways.

Another way in which cancer cells can proliferate abnormally is by

resistance to normal inhibitory growth signals, or resistance to apoptosis.

An example is the tumor suppressor p53, which normally acts to prevent

damaged cells from dividing, and whose function is lost in many types of

cancer. A combination of different genetic alterations is present within

tumors, with the result that the normal balance between cell division and

cell death is lost (Doucas& Berry, 2006).
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Classification of cells according to replacement capacity:

 Rapidly self renewing tissues as the skin (Pellegrini et al., 1999),

intestine (Saam et al. 1999), and haematopoietic system (Lee, et al.

2006)

Conditionally renewing tissues as the liver, breast, prostate and

connective tissue (Leek et al. 1991).

 Essentially non-renewing tissues as the female germ line (Jensen et

al. 2006) and the central nervous system which has little replacement

capacity (Groszer et al. 2006).

Stem cells and cell differentiation:
Adult stem cells are the cells which responsible for cell production within

adult tissues, that capable for regeneration, and can produce a steady

stream of cells. These daughter cells (dividing transit cells) undergo

further cell divisions and mature into functional differentiated cells

(simple transit cells) which are lost from the tissue at the end of their

functional lifespan. This process termed as differentiation (Weissman,

2000).

Stem cell can maintain itself as when it divides, under normal condition,

it undergoes asymmetric division producing one daughter stem cell and

another daughter that move towards differentiation.  If this division give

two stem cell daughter (symmetric division) it will lead to stem cell

expansion which then increase cellular production generating hyperplasia

(tumor) which may be benign or malignant. Since the hyperplasia can

only occur in proliferating tissues, that’s why cancers arise in rapidly

renewing or conditionally renewing tissues (Leedham et al., 2005).
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Regulation of cell differentiation involves a number of highly

complicated mechanisms, Homeobox genes were found to play a

significant role in this process. Homeobox genes (as Hox genes that

control the identity of various regions along the body axis, cdx genes that

control intestinal epithelial cell differentiation and PBX1 gene that

involved in haematopoietic differentiation) are family of regulatory genes

encoding transcription factors (homeoproteins) that can activate or

repress the expression of many target genes and so determine cell fate

and general pattern formation. Altered expression of any of these can

suppress differentiation and may lead to tumor formation (Guo et al.,

2006).

Cancer Development:
Normally, expansion of stem cells would be detected by the tissue and

excess stem cell removed by apoptosis. If this doesn’t occur, cellular

output will be dramatically increased. By time, these excess stem cells

persist and experience further mutations (e.g. in apoptosis regulation such

as by p53, mutation in cell division regulation by a disorder in growth

factor signal transduction such as by ras, DNA repair by mismatch repair

enzymes such as MSH2, or in cellular adhesion such as changed Integrin

expression), thereby increasing cancer risk (Marshman et al., 2002).

Cancer stem cells (CSC) are derived by oncogenic mutations of either

stem cells of self renewing tissues or their progenitors and subsequently

grow and differentiate to create primary tumors. Like normal stem cells,

cancer stem cells can self-renew, give rise to heterogeneous populations

of daughter cells, and proliferate extensively figure (1), (Jordan et al.,

2006).
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Image 1: stem-cell systems (Jordan et al., 2006)

How tumors grow?
Cancer cells behave as independent cells, growing without control to

form tumors. Tumors grow in a series of steps:

 The first step is, hyperplasia meaning that there are too many cells

resulting from uncontrolled cell division. These cells appear normal,

but changes have occurred that result in some loss of control of

growth.

 The second step is dysplasia, resulting from further growth,

accompanied by abnormal changes to the cells.

 The third step requires additional changes, which result in cells

that are even more abnormal and spread over a wider area of tissue.
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These cells begin to lose their original function; such cells are called

anaplastic. At this stage, because the tumor is still contained within its

original location and is not invasive, it is not considered malignant - it is

potentially malignant.

The last step occurs when the cells in the tumor metastasize, which

means that they can invade surrounding tissue, including the

bloodstream, and spread to other locations. This is the most serious type

of tumor, but not all tumors progress to this point. Non-invasive tumors

are said to be benign (Hsia, et al. 2003)

Malignant cells are characterized by the up regulation or constitutive

activation of multiple signaling pathways that promote proliferation,

inhibits apoptosis, and enables the cells to invade and migrate through

tissues while evoking angiogenesis (Gunasekera, et al. 2007).

The type of tumors:
The type of tumor depends on the type of cell that was initially altered.

There are five types of tumors (Hsia, et al. 2003).

 Carcinomas result from altered epithelial cells, which cover the

surface of our skin and internal organs. Most cancers are carcinomas.

 Sarcomas result from changes in muscle, bone, fat, or connective

tissue.

 Leukemia results from malignant white blood cells.

 Lymphoma is a cancer of the lymphatic system cells that derive from

bone marrow.

 Myelomas are cancers of specialized white blood cells that make

antibodies.
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HOW DOES CANCER SPREAD?
The most devastating aspect of cancer is the emergence of metastases in

organs distant from the primary tumor and most deaths from cancer are

related to metastases. Thus, the understanding of the molecular

mechanisms by which metastases are generated is one of the most

important issues in cancer research (Keleg, et al. 2003).

How metastatic progression develops is unknown in as much as little is

known on how malignant cells detach from the primary tumor site and

grow in distant organs (Kim, et al. 1998). Metastasis occurs when cancer

cells break away from the original tumor. The cells travel through the

body via the blood or lymphatic system to another part of the body where

they grow and proliferate forming a new tumor (fig.2).

Image ( 2): The Metastatic Process
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Loss of junctional contact between adjacent epithelial cells and

cell-extra cellular matrix association are essential prerequisites for tumor

cell detachment from the primary tumor site (Tawil, et al. 1996).

Cancer Therapy:
There are several different types of treatment, which may be used alone

or in combination, either simultaneously or sequentially: surgery,

radiotherapy and drugs (Poulsen, 2005).

Surgery is most frequently the first line of therapy, and for ‘early’

cancers, it may be curative (Simunovic et al., 2001). Radiotherapy is

most often used in a localized setting and in conjunction with surgical

procedures (Samant et al., 2005). The use of drugs involves

chemotherapy , which employs a wide group of drugs that have

cytotoxic effects which preferentially, but not exclusively, target the

rapidly dividing cancer cells (Luqmani,2005).

Endocrine therapy is a more specific form of treatment, used for

example for breast cancer. It is aimed at preventing cancer cell

proliferation by antagonizing the estrogen stimulated intracellular signals

which control growth in cells over expressing the estrogen receptor

(Hyder, 2006).

Antibodies against specific proteins that are over expressed in cancer

cells may be used to preferentially target those cells. Toxin molecules

linked to the antibodies would be endocytosed into the cells and destroy

them (Robinson, et al., 2004). Targeted therapies have been employed

exploiting the over expression in many cancer cells of proteins such as

the Folate receptor (Luqmani, 2005).
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Radiation therapy or (radiotherapy):

Radiation therapy (or radiotherapy) is the medical use of ionizing

radiation as part of cancer treatment to control malignant cells.

Radiotherapy has several applications in non-malignant conditions,

which is limited partly by worries about the risk of radiation-induced

cancers. Radiotherapy is used for the treatment of malignant tumors

(cancer), and may be used as the primary therapy. It is also common to

combine radiotherapy with surgery, chemotherapy, hormonal therapy or

some mixture of the three. Most common cancer types can be treated

with radiotherapy in some way. The precise treatment intent will depend

on the tumor type, location, and stage, as well as the general health of the

patient (Bucci, et al., 2005).

Recent technological advancement has made it possible to produce high

therapeutical doses of radiation and/or chemotherapy which have

increased the chances to cure a patient or prolong the emission of a

number of neoplasms (Kopjar et al., 2006).

Ionising radiation causes a variety of changes in the living cell, which

depend on the absorbed dose, duration of exposure, interval of exposure,

and susceptibility of the tissue. Ionising radiation forms radicals in the

DNA (direct effect) and in the surrounding water molecules of the

hydration shell of the DNA (indirect effect), which in turn destroy DNA

(Kopjar et al .2006).
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Intracellular free radicals:
Radiation damages cells by direct ionization of DNA and other

cellular targets and by indirect effect through ROS. Exposure to ionizing

radiation produces oxygen-derived free radicals in the tissue

environment; these include hydroxyl radicals (the most damaging),

superoxide anion radicals and other oxidants such as hydrogen peroxide.

Additional destructive radicals are formed through various chemical

interactions (Borek, 2004).

Cell response to radiation depends on the type and dose of

radiation, inherent tissue sensitivity and repair, and modulating

intracellular factors that include position in the cell cycle, oxygen

concentration, and levels of thiols and other antioxidants. Intracellular

oxygen determines the extent of DNA damage by X-rays and gamma-

rays. To be effective, it must be present during radiation or at least during

the lifetime of the free radical (10–5 s). Without oxygen, the indirect

radiation damage can be repaired. Oxygen binds to (oxidation) short-

lived free radical sites in DNA, "fixing" the damage. Thiols, e.g.,

glutathione, or other antioxidants compete with this oxidation, chemically

reduce the free radicals, and repair the damage. Reduction of transient

free radicals is one mechanism by which antioxidants influence the

indirect action of radiation. The extent of danger to normal tissues in

radiation therapy depends on the dose, tissue sensitivity and repair

capacity, affected organs, and prevailing endogenous antioxidant

defences (Borek, 2004).
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Mitotic death and apoptosis:

Radiation induces mitotic cell death in dividing cells and activates

pathways that lead to death by apoptosis in interphase cells and

differentiated cells (Borek, 2004). Apoptosis is regulated by the Bcl-2

family of proteins that include the pro-apoptosis proteins Bax and others

and the apoptosis-inhibitors Bcl-2, Bag, and others. Apoptosis is

associated with characteristic morphological changes in cells and their

DNA (Tichý, 2005) that results largely from the action of activated

cysteine proteinases (caspases). Apoptosis occurs through a

mitochondrial-dependent pathway, with the release of cytochrome C,

followed by activation of the caspase cascade, with caspase 3 leading

cells to their death. Alternately, apoptosis proceeds via a mitochondrial-

independent pathway, with the legation of death receptors CD95

(Fas/Apo1/) and the subsequent recruitment of caspases (Arnoult et al.,

2002).

Antioxidants and radiation

Antioxidant supplementation during radiation therapy poses a

conundrum for the radiation oncologist, as antioxidants that protect

normal cells from reactive oxygen species may provide the same benefits

to cancer cells and reduce the efficacy of treatment. Short- and long-term

injury to healthy cells, including tissue damage and increased risk of

oncogenic transformation (Borek et al., 2004) can be prevented by

antioxidants, as seen experimentally. New findings that antioxidants

induce apoptosis in cancer cells and protect patients from painful side

effects of radiation treatment may prove these compounds useful in future

adjuvant therapy (Borek, 2004).
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One of the major limitations of radiotherapy is that the cells of solid

tumors become deficient in oxygen. This is because solid tumors usually

outgrow their blood supply, causing a low-oxygen state known as

hypoxia. The more hypoxic the tumors are the more resistant they are to

the effects of radiation because oxygen makes the radiation damage to

DNA permanent (Harrison, et al., 2002).

Radiation Dose:
The amount of radiation used in radiation therapy is measured in gray

(Gy), and varies depending on the type and stage of cancer being treated.

Fractionation of radiation dose:
The total dose is fractionated (spread out over time) for several

important reasons:

 Fractionation allows normal cells time to recover, while tumor cells

are generally less efficient in repair between fractions.

 Fractionation also allows tumor cells that are in a relatively radio-

resistant phase of the cell cycle during one treatment to cycle into a

sensitive phase of the cycle before the next fraction is given.

 Similarly, tumor cells that were chronically or acutely hypoxic (and

therefore more radioresistant) may reoxygenate between fractions,

improving the tumor cell kill (Galvin et al., 2004).

To increase the therapeutic index of radiation therapy, various

modes of treatments have been developed that selectively reduce

cytotoxic effects to normal tissues (Brenner, et al. 2003).

Chemotherapy:

Chemotherapy refers to treatment of disease by chemicals that kill cells,

specifically those of micro-organisms or cancer. Broadly, most
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chemotherapeutic drugs work by impairing mitosis (cell division),

effectively targeting fast-dividing cells. As these drugs cause damage to

cells they are termed cytotoxic (Makin and Dive, 2001). Some drugs

cause cells to undergo apoptosis. As chemotherapy affects cell division,

tumors with high growth fractions are more sensitive to chemotherapy, as

a larger proportion of the targeted cells are undergoing cell division at

any time. Malignancies with slower growth rates tend to respond to

chemotherapy much more modestly. Drugs affect "younger" tumors (i.e.

more differentiated) more effectively, because mechanisms regulating

cell growth are usually still preserved.

Image (3) Sites of actions of cytotoxic agents.

Luqmani, (2005)

With succeeding generations of tumor cells, differentiation is typically

lost, growth becomes less regulated, and tumors become less responsive

to most chemotherapeutic agents. Near the center of some solid tumors,

cell division has effectively ceased, making them insensitive to

chemotherapy. Another problem with solid tumors is the fact that the

chemotherapeutic agent often does not reach the core of the tumor.
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Solutions to this problem include radiation therapy and surgery

(Joensuu, 2008).

The ultimate goal of combining chemotherapy and radiotherapy is

to improve the therapeutic ratio (Fu  et al., 1985).

When chemotherapy is combined with radiotherapy, improved

therapeutic effects may occur as a result of the following:

 Spatial cooperation.

  Enhancement of tumor response with less or no enhancement of

normal tissue injury.

 Diminution of normal tissue injury with less or no diminution of

tumor response.

The combined effects may be influenced by:

 Tumor and normal tissue type.

  Drug type.

 Drug dose and schedule.

  Time sequence between drug and radiation administration.

  Radiation dose and fractionation schedule.

 Radiation dose rate (Fu et al., 1985).

Combined-modality therapy has produced moderate improvements in the

therapeutic outcome for several cancers. Clinical research efforts in stage

III disease have focused on combined modality therapy, incorporating

chemotherapy with radiation and/or surgery. Incorporation of novel

therapeutic agents (NTA) in the management of stage III cancer

treatment will require a careful assessment of their potential in

substituting for or enhancing the efficacy of modalities currently used

(Gandara et al. 2005).
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Anti-Cancer drugs:
Anticancer drugs are medicines used to treat various kinds of cancer.

They interfere with the growth of tumor cells, eventually causing their

death. However because these drugs are so powerful, they may also

affect the growth of normal body cells, causing many side effects, some

of which may be serious.Anti-Cancer drugs can be divided into different

main categories based on their mode of action. There are only few

biochemical differences between cancer cells and normal cells and for

this reason the efficacy of many anti-cancer drugs is limited by their

toxicity to normal rapidly growing cells (Choi, 2005).

Histones as target molecules in regulation of nuclear

function:
In eukaryotic cells, DNA has been conserved over evolution in a

condensed and densely packed higher order structure called chromatin.

Chromatin, present in the interphase nucleus, is composed of regular

repeating units of nucleosomes, which represent the principal protein-

nucleic acid relationship. The major components of chromatin are nucleic

acids (DNA and RNA), which are negatively charged; associated

proteins, including histones, that are positively charged at neutral pH; and

nonhistone chromosomal proteins, which are acidic at neutral pH. Within

the nucleus, chromatin can exists in two different forms:

heterochromatin, which is highly compact and transcriptionally inactive,

or euchromatin, which is loosely packed and accessible to RNA

polymerases for involvement in transcriptional processes and gene

expression. A nucleosome is a complex of 146 nucleotide base pairs of

DNA wrapped around the core histone octamer that helps organize

chromatin. The histone octamer is composed of two copies each of H2A,
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H2B, H3, and H4 proteins (fig. 4), which are very basic, mainly because

of positively charged amino-terminal side chains rich in the amino acid

lysine. Post-translational and other changes in chromatin, such as

acetylation/deacetylation at lysine residues, methylation at lysine or

arginine residues, phosphorylation at serine resides, ubiquitylation at

lysines, and/or ADP ribosylation, are mediated by chemical modification

of various sites on N-terminal tail (Marks  et al., 2004).

The structural modification of histones is regulated mainly by

acetylation/deacetylation of the N-terminal tail and is crucial in

modulating gene expression, because it affects the interaction of DNA

with transcription-regulatory non-nucleosomal protein complexes. The

balance between the acetylated/deacetylated states of histones is mediated

by two different sets of enzymes: histone acetyltransferases (HATs) and

histone deacetylases (HDACs). HATs preferentially acetylate specific

lysine substrates among other nonhistone protein substrates and

transcription factors, affecting DNA-binding properties and, in turn,

altering gene transcription. HDACs restore the positive charge on lysine

residues by removing acetyl groups and thus are involved primarily in the

repression of gene transcription by compacting chromatin structure. Thus,

open lysine residues attach firmly to the phosphate backbone of the DNA,

preventing transcription. In this tight conformation, transcription factors,

regulatory complexes, and RNA polymerases cannot bind to the DNA.

Acetylation relaxes the DNA conformation, making it accessible to

transcription machinery. High levels of acetylation of core histones are

seen in chromatin-containing genes, which are highly transcribed genes;

genes that are silent are associated with low levels of acetylation.

Inappropriate silencing of critical genes can result in one or both hits of
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tumor suppressor gene inactivation in cancer; theoretically, therefore, the

reactivation of affected TSGs could have an enormous therapeutic value

in preventing and treating cancer (Thiagalingam et al., 2003).

Image(4): Schematic of the structure of histones in nucleosomes. A, The core
proteins of nucleosomes are designated H2A (histone 2A), H2B (histone 2B), H3
(histone 3), and H4 (histone 4). Each histone is present in two copies, so the DNA
(black) wraps around an octamer of histones—the core nucleosome. B, The amino
terminal tails of core histones. Lysine's (K) in the amino terminal tails of histones
H2A, H2B, H3, and H4 are potential acetylation/deacetylation sites for histone
acetyltransferases (HATs) and histone deacetylases (HDACs). Acetylation neutralizes
thecharge on lysines. A = acetyl; C = carboxyl terminus; E = glutamic acid; M =
methyl; N = amino terminus; P = phosphate;    S = serine; Ub = ubiquitin.

Interactions between histones and DNA are regulated by the

acetylation status of histones, which in eukyotic cells, plays a pivotal role

in chromatin remodeling and in the regulation of gene expression:

hyperacetylation determines transcription activation while

hypoacetylation transcription repression. The balance between two

classes of enzymes, histone acetyltransferases (HATs) and histone

deacetylases (HDACs), can affect the acetylation status of histones

(Bluethner et al., 2007).
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It is well established that HDACs catalyze the deacetylation of -acetyl

lysine that resides within the NH2-terminal tail of core histones (fig.5)

(Dokmanovic et al., 2007).

Image (5): Acetylation and deacetylation of the lysine residue.
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Image (6) Histone acetylation (A) the core histones have histone-fold domains, which
interact with other histones and with DNA in the nucleosome, and N-terminal tails,
which extend outside of the nucleosome. The N-terminal tails of the core histones
(e.g., H3) are modified by the addition of acetyl groups (Ac) to the side chains of
specific lysine residues. (B) Transcriptional activators and repressors are associated
with coactivators and corepressors, which have histone acetyltransferases (HAT) and
histone deacetylase (HDAC) activities, respectively. Histone acetylation is
characteristic of actively transcribed chromatin and may weaken the binding of
histones to DNA or alter their interactions with other proteins

Classification of Histone deacetylases (HDACs):

Mammalian HDACs are divided into three major groups or

classes (Duvic, 2008), based on their structural homologies to the three

distinct yeast HDACs: class I: is generally nuclear and is composed of

proteins that are homologous to the yeast RPD3 gene, class II: HDAC

class II is generally tissue-dependent for the expression, and can shuttle

between the cytoplasm and the nucleus.

Class III HDACs consist of the large family of sirtuins [silent information

regulators (SIRs)] that are evolutionarily distinct, with a unique

enzymatic mechanism dependent on the cofactor NAD+, and are virtually

unaffected by all HDAC inhibitors in current development (Imai et al.,
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2000; Gray & Ekstrom, 2001 and Hess-Stumpp, 2005). Class I and II

HDACs contain active site zinc as a critical component of the enzymatic

pocket, have been extensively described to have an association with

cancers, and are believed to be comparably inhibited by all HDAC

inhibitors in development. The Rpd3 homologous class I HDACs 1, 2, 3,

and 8 are widely expressed in tissues and are primarily localized in the

nucleus. Hda1 homologous class II HDACs 4, 5, 6, 7, 9a, 9b, and 10 are

much larger in size, display limited tissue distribution, and can shuttle

between the nucleus and cytoplasm, suggesting functions and cellular

substrates different from Class I HDACs (Kao et al., 2001; Guardiola

and Yao, 2002). HDACs 6 and 10 are unique in that they have two

catalytic domains, whereas HDACs 4, 8, and 9 are expressed to greater

extent in tumor tissues and have been shown to be specifically involved

in differentiation (De Ruijter, et al. 2002). There is some evidence that

certain inhibitors display a variable degree of HDAC specificity; hence, it

is imperative to identify differences in HDAC functions to better target

and tailor specific drugs compounds (Jung, 2001; Grozinger and

Schreiber, 2002 and Miller et al., 2003 ). HDACs usually interacts with

large protein complexes that down-regulate genes through association

with corepressors [such as nuclear receptor corepressor (NcoR) and

silencing mediator for retinoid and thyroid hormone receptor (SMRT)]

transcription factors, estrogen receptors (ER), p53, cell cycle-specific

regulators [such as retinoblastoma (Rb), E2F and other HDACs], as well

as histones, but they can also bind to their receptor directly (Imai et al.,

2000 ).
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Overlap of Histone Acetylation and Cancer:
The activities of HDACs appear to be regulated, in part, by

protein–protein interaction. In addition, HDACs are regulated by gene

expression, subcellular localization, and posttranslational modifications

such as phosphorylation, sumoylation, proteolysis, and availability of

metabolic cofactors (Lehrmann et al., 2002; Sengupta and Seto, 2004).

Structural mutations in HDACs associated with cancers are rare.

However, changes in expression of different HDACs have been reported

in various cancers.HDAC2 and HDAC3 proteins are increased in colon

cancer samples (Marks et al., 2001; Dokmanovic and Marks, 2005;

Wilson et al., 2006 and Bolden et al., 2006).

A link between aberrant HDAC activity and cancer has been widely

reported(Arts et al., 2003).The alterations of HDACs in tumor cells

contributed to the massive perturbations of gene expression in numerous

tumors (Dokmanovic and Marks, 2005; Bolden et al., 2006, and Peixoto

& Lansiaux ,2006).

HDACs are involved in the function of oncogenic translocation products

in specific forms of leukemia and lymphoma (Rosato and Grant, 2003;

Marks et al., 2004& Drummond et al., 2005). The oncoprotein that is

encoded by one of the translocation-generated fusion genes in acute

promyelocytic leukemia, PML-RARa, represses transcription by

associating with a corepressor complex that contains HDAC activity. The

non-Hodgkin’s lymphoma is associated with aberrant transcriptional

repression through recruitment of HDAC, leading to lymphoid oncogenic

transformation. Acute myeloid leukemia is associated with chromosomal

translation, though its recruitment of HDAC activity. Increased
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expression of HDAC1 has been detected in gastric cancers, oesophageal

squamous cell carcinoma, and hormone refractory prostate cancer (Choi,

et al., 2001 and Halkidou et al., 2004).

Increased expression of HDAC2 has been detected in colon

cancer. Increased expression of some of the Class II HDAC enzymes

(HDAC6) has been linked to better survival in breast cancer, but reduced

expression of Class II HDAC enzymes HDAC 5 and HDAC10 have been

associated with poor prognosis in lung cancer patients(Osada, et al.

2004). HDAC 1 affects breast cancer progression by promoting cell

proliferation by interacting with estrogen receptor alpha causing a loss in

its expression (Drummond et al., 2005 and Kelly & Marks, 2005). The

retinoblastoma tumor suppressor protein recruits HDAC1.

The precise antitumor mechanism of HDAC inhibition is unclear,

and may be the result of altered transcription, or perhaps may result

directly by affecting chromosome stability, assembly, or function

(Maison et al., 2002& Cimini et al., 2003).

Of the various hypotheses describing deregulation mechanisms,

following three have been put forth frequently:

i) Disordered hyperacetylation could activate promoters that are

normally repressed leading to inappropriate expression of proteins.

ii) Abnormally decreased acetylation levels of promoter regions could

repress the expression of genes necessary for a certain phenotype

iii) Mistargeted or aberrant recruitment of HAT/HDAC activity could

act as a pathological trigger. Even though there have been no direct

alterations in HDAC genes demonstrated in cancer, the association of

HDACs with various oncogenes and tumor suppressor genes is now
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well-established, as is the potential for HDAC involvement in

tumorigenesis. (Kristeleit et al., 2004).There have been indications that

histone hypoacetylation frequently occurs in tumor cells, while the

disorder of histone acetylation level is associated with carcinogenesis

(Mahlknecht & Hoelzer, 2000).

Abnormal transcriptional silencing of certain cancer-related genes

mediated by overexpression of HDACs that are recruited by transcription

factors may be a cause of carcinogenesis (Scneider& Ocker, 2007).

Histonedeacetylase Inhibitors (HDACIs ):
Histone deacetylase inhibitors, by original definition, are

chemicals that inhibit the enzymatic activity of HDACs (Marks and

Breslow, 2007 & Xu et al., 2007).

The discovery of recruitment of HDAC enzymes in cancer has provided a

rationale for using inhibition of HDAC activity to release transcriptional

repression as a viable option toward achieving eventual therapeutic

benefit (Johnstone and Licht, 2003). Inhibition of HDAC function can

release dysregulation of genes involved in cell cycle progression,

differentiation, and apoptosis. HDAC inhibitors block deacetylation

function, causing cell cycle arrest, differentiation, and/or apoptosis of

many tumors (Pandolfi, 2001). Several HDAC inhibitors have exhibited

potent antitumor activity in human xenograft models, suggesting their

usefulness as novel cancer therapeutic agents. A wide range of structures

inhibits activity of class I/II HDAC enzymes (Drummond et al., 2005).

To date, various HDAC inhibitors have been shown to suppress cancer

growth and induce apoptosis in vitro in cancer cell cultures and in vivo in
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tumor bearing animal models (Bhalla, and List 2004; Bolden et al.;

2006; Marks and Breslow, 2007 & Xu et al., 2007) and emerged as an

exciting new class of potential anticancer agents for the treatment of solid

and hematological malignancies (O'Connor et al., 2006).

HDACIs can be divided into several structural classes including

hydroxamates (Bolden et al., 2006) cyclic peptides (Dokmanovic and

Marks, 2005) aliphatic acids (Mille et al., 2003) and benzamides

(Rasheed et al., 2008).

HDACIs induce, to a variable extent, growth arrest, differentiation or

apoptosis in vitro (Johnstone, 2003) and in vivo (Marks et al., 2001).In

some cases, growth arrest is induced at low doses, and apoptosis is

induced at higher doses; in other cases, growth arrest precedes apoptosis.

However, cells might undergo apoptosis without significant changes in

their cell-cycle profile. Strikingly, normal cells are almost always

considerably more resistant than tumour cells to HDACIs (Johnstone

and Litch, 2003).

Mode of Action of HDAC Inhibitors in Cancer Cells:

Even though a number of HDAC inhibitors have shown considerable

promise in preclinical models, the mechanism of action has not been fully

evaluated. HDAC inhibitors are effective in affecting cell cycle arrest,

apoptosis, antiangiogenesis, and differentiation in cultured and

transformed cells from both hematological (leukemias, lymphomas, and

myelomas) and epithelial (breast, bladder, ovary, prostate, and lung)

tumor sources. The change that occurs after treatment with HDAC
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inhibitors (growth arrest, terminal differentiation, or apoptosis) seems to

be dependent upon the tumor cell rather than on the specific HDAC

inhibitors used (Bhalla and List, 2004).

The HDAC family is divided into Zn-dependent (class I and II) and Zn-

independent/NAD-dependent (class III) enzymes. The Zn-dependent

enzymes have been the focus of intense research, whereas class III has

been recently implicated in acetylation and regulation of key cell cycle

proteins such as p53 (McLaughlin and La Thangue, 2004). It is

interesting that a number of studies have showed that HDAC inhibitors

are relatively nontoxic to normal cells or tissues but exhibit selective

cytotoxicity against a wide range of cancer cells (Zhu et al., 2001a &

Rosato and Grant, 2003). It has been postulated that defective cell cycle

checkpoint regulation of neoplastic cells may render them susceptible to

HDAC inhibition-induced apoptosis (Johnstone and Licht, 2003;

Warrener et al., 2003).

Histone acetylation is known to precede gene transcription; among the

genes that are consistently up-regulated because their promoters are

associated with acetylated histones is the cell cycle gene CDKN1A, which

encodes cyclin-dependent kinase inhibitor p21WAF1. Cyclin-dependent

kinase inhibitor WAF1 inhibits cell-cycle progression by blocking cyclin-

dependent kinase activity and the arrest of the cell cycle in G1 stage. Most

HDAC inhibitors (i.e., butyrates, TSA, depsipetide, oxamflatin, MS-275,

and SAHA) induce expression of p21 (Gui, et al., 2003 and Bai et al.,

2006).
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Inhibition of HDACs will activate these silenced genes, contributing to

growth arrest, differentiation, and/or apoptosis of transformed cells.

Treatment with HDAC inhibitors triggers both the intrinsic and sensitizes

tumor cells to the death ligands that initiate the extrinsic pathway of

apoptosis (Bhalla and List, 2004).

Several HDAC inhibitors, including SB, SAHA, and MS-275, induce

mitochondrial permeability transition, in which pro-apoptotic molecules,

such as cytochrome c, are released into the cytosol, resulting in eventual

activation of caspase-dependent apoptotic cascades (both receptor- and

mitochondria-mediated) (Rosato et al., 2001; Aron et al., 2003; Nguyen

et al., 2003; Guo et al., 2004).

Up-regulation and induction of a conformational change of the pro-

apoptotic proteins are some of the HDAC inhibitor-induced upstream

events that may trigger the mitochondrial pathway of apoptosis, as

described for MS-275 and SB or, as proposed in case of SAHA, may not

require key caspases such as caspase-8 and caspase-3 (Ruefli et al., 2001;

Lucas et al., 2004). Reactive oxygen species have recently been

identified as a major cell death mechanism of several HDAC inhibitors

(Ruefli et al., 2001 and Rosato et al., 2003).

HDACIs cause different phenotypes in different transformed cells

including G1 arrest, terminal differentiation; mitochondria mediated

caspase dependent apoptosis; caspase independent cell death associated

with ROS or polyploidy, with failure of cytokineses and cell death. The

cytotoxic effects on transformed compared to normal cells are not due to

differences in the ability to inhibit HDAC activity, since accumulation of
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acetylated histone occurs in both normal and transformed cells (Marks et

al., 2001).

Loss of the G2 checkpoint is a frequent event in cancer cells and may

account, in part, for the increased sensitivity of cancer cells compared to

normal cells to the proapoptotic effects of HDAC inhibitors

(Dokmanovic and Marks, 2005), cell death by activating the intrinsic

apoptotic pathway (Xu et al., 2006), activating the extrinsic apoptotic

pathway, mitotic failure, autophagic cell death, polyploidy, and

senescence, and reactive oxygen species–facilitated cell death (Xu et al.,

2007). HDACIs can block angiogenesis (Rosato and Grant, 2005;

Minucci and Pelicci, 2006 and Xu et al., 2007).

In low concentrations they have a cytostatic effect characterized by cell

cycle arrest in G1 phase and induction of inhibitor of cyclin dependent

kinases protein p21. Cytostatic activity is not limited to tumor cells, as

the normal cells are, after incubation with HDACI, also arrested in G1

phase (Qiu, et al. 2000).

At higher concentrations these compounds are selectively cytotoxic to

tumor cells. Qiu, et al. (2000) proved that the selective cytotoxicity is

related to the absence of G2 arrest. The cells enter mitosis with non-

repaired DNA and this aberrant mitosis is followed by cell death. Also

the cells arrested in the G1 phase die after 48–72 hours of incubation

with HDACI, which suggest that HDACI can also kill non-proliferating

cells.

Growth-inhibitory effects of HDACIs, trichostatin A (TSA),

suberoylanilide hydroxamic acid (SAHA), or MS-275, were assessed in
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human and transgenic murine RB (retinoblastoma) cells. Effects of TSA

and MS-275 were also assessed in combination with standard therapeutic

agents for RB. Proapoptotic effects of MS-275 and TSA were evaluated.

Effects of MS-275 on cell cycle distribution and reactive oxygen species

levels were determined by flow cytometry. Retinal tissue morphology

was evaluated in mice after local administration of MS-275. Analysis of

retinal acetyl-histone levels was used to assess MS-275 delivery after

systemic administration. Therapeutic effects of MS-275 were determined

in transgenic mouse and rat ocular xenograft models of RB after ip

injection of 20 mg/kg every other day for 21 or 13 days, respectively

(Dalgard et al., 2008).

Effects of HDACIs on Cells in Culture:

HDACIs cause growth arrest, differentiation or cell death of a variety of

hematologic and solid tumor cells in culture (Drummond et al., 2005;

Kelly and Marks 2005) HDACIs have also been reported to be

synergistic or additive with radiation therapy, anthrocyclins, fludarabine,

flavopiridol ,imatinib, protease inhibitors,bortezomib and anti-angiogenic

agents and nuclear receptors ligands, such as, all-trans retinoic acid,

(Marks et al., 2004; Pei et al., 2004 ;  Rosato & Grant, 2004; Yoshida

and Melo, 2004 ; Drummond et al., 2005 ; Kelly and Marks, 2005). The

elucidation of the down stream pathways of HDAC inhibition should

provide further mechanistic rationale for therapies to be administered in

combination with HDACIs.
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Tumor Bearing Animal Model:
A number of HDACIs, have been shown to inhibit tumor growth in

animal models bearing both solid tumors and hematological

malignancies, with little toxicity (De Ruijter et al., 2002; Marks et al.,

2004; Piekarz and Bates, 2004; Drummond et al., 2005). HDAC

inhibitors cause an accumulation of acetylated histones in tumor and

normal tissue, which is a useful marker of HDAC inhibitor biological

activity and has been used to monitor dosing in clinical trials with cancer

patient.

It was reported that HDAC inhibitors may inhibit tumor growth both

directly by causing growth arrest, terminal differentiation and/or death of

cancer cells, and indirectly, by inhibiting neovascularization of tumors

(Dokmanovic and Marks, 2005).

P21 as a histone deacetylase inhibitor

Transformed cells are characterized generally by unregulated cell

proliferation. However, the potential for cancer cells to differentiate

terminally or to undergo apoptosis is not necessarily lost (Marks et al.,

1999& Marks et al., 2000).

HDAC inhibitors, such as trapoxin (Sambucetti et al., 1999) and

trichostatin A (TSA) (Van Lint et al., 1996), appear to be selective with

regard to the genes whose expression is altered. Van Lint et al, (1996)

demonstrated, by differential display, that expression of only 2-5% of

genes is changed significantly after treatment of cultured cells with the

HDAC inhibitor, TSA. The expression of the cell cycle kinase inhibitor

p21WAF1 is induced in transformed cells by HDAC inhibitors such as
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phenylbutyrate, trichostatin A, and SAHA (Richon et al., 1996; Di

Giuseppe et al., 1999 & Xiao et al., 1999).

Increased expression of p21WAF1 may play a critical role in the growth

arrest induced in transformed cells by these agents. p21 induces the

accumulation of acetylated histones in the chromatin of the p21WAF1 gene

and that this increase is associated with an increase in p21WAF1 expression

in carcinoma cells. These findings indicate that induction of p21WAF1 by

SAHA may be regulated, at least in part; by histone acetylation of the

chromatin associated with the p21WAF1 gene and that HDAC inhibitor-

induced histone acetylation and gene activation are selective (Richon et

al., 2000).

Sulfonamides as Anticancer Agent:

The advent of high-throughput screening systems has allowed for the

evaluation of a large number of small molecules in parallel and

automated fashions. In response to this screening innovation, one of the

greatest concerns in recent drug discovery programs has been directed

toward how to design and prepare compound libraries for getting "hits" in

various biological assays (Schreiber, 2000). One highly informative

example for drug discovery was represented by the sequential

development of sulfonamide therapeutics (Yokoi et al., 2002).

The sulfamide moiety, similarly to the structurally related sulfonamide

and sulfamate ones, is widely employed in medicinal chemistry for the

design of biologically active compounds (Winum et al., 2006) and also

has been utilized to design novel HDAC inhibitors (Wahhab et al., 2008)
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The sulfonamides constitute an important class of drugs, with several

types of pharmacological agents possessing antibacterial (Ghorab et al.,

2004& Ghorab et al., 2000), anti- carbonic anhydrase (Melagraki et al.,

2006 & Poulsen et al., 2005), diuretic, hypoglycemic (Mallinson et al.,

1968) and anti-inflammatory (Famaey, 1997) among others.

A large number of structurally novel sulfonamide derivatives have

ultimately been reported to show substantial antitumor activity in vitro

and / or in vivo (Abbate et al., 2004; Ismail et al., 2006, Ghorab et al.,

2006 and Rostom et al., 2006). Current research priorities are to better

characterize the biological roles and biochemical features of HDAC

inhibitors. In addition, efforts to identify optimal HDAC inhibitors for

anticancer therapeutics are underway (Owa et al., 2001; Lavoie et al.,

2001; Uesato et al., 2002; Bouchain & Delorme, 2003; Bouchain et al.,

2003 ; Suzuki et al., 2005 & Shinji et al., 2006).

One of the greatest concerns in recent drug discovery programs

has been directed toward how to design and prepare compound libraries

for getting “hits” in various biological assays (Schreiber, 2000). In this

regard, one highly informative example is represented by the sequential

development of sulfonamides and Aromatic sulfonamide derivatives

therapeutics , exhibit a range of bioactivities, including antimicrobial

(Zareef, et al.2008), antidiabetic (Mallinson, et al. 1968), anti-

inflammatory (Famaey,1997), and anticancer (Yoshino, et al. 1992,

Owa, et al. 1999 &Ozawa, et al. 2001).These diverse pharmacological

effects were serendipitously found through the serial derivatization of a

single chemical structure of sulfanilamide, indicating that the
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sulfonamide motif is a crucial functionality capable of interacting with

multiple cellular targets (Yokoi, et al. 2002).

Angibaud et al., ( 2005) reported the preparation of a series of

pyrimidyl-5-hydroxamic acids having significant HDAC activity in

human tumor cell lines. Finn et al.,( 2005) demonstrated that a series of

novel sulfonamide derivatives were synthesized and evaluated for their

ability to inhibit human HDAC. Bouchain et al., (2003) developed of

potential antitumor agents as a new set of sulfonamide derivatives. The

Jaiswal et al., (2006) described the QSAR modeling of sulfonamide

inhibitors of HDAC. More recently, in the context of medicinal

chemistry program dealing with the development of new potent

anticancer agents, a series of sulfonamides was synthesized and their

histone deacetylase activity was evaluated (Oh, et al .2007).

Many of pyrimidine and fused pyrimidine derivatives revealed

several biological activities and useful applications as anticancer

(Chauhan et al., 2005; Amr et al., 2006; Cocco et al., 2006 ; Ghorab et

al., 2006 and Ismail et al.; 2006). Also, quinoline derivatives are

important biologically active compounds with antibacterial (Ghorab et

al., 2001 ; Abdel-Gawad et al., 2005; El-Gaby et al., 2006) and

anticancer activity (Gobal et al., 2003 ; Kim et al., 2005; Zhao et

al.,2005 ; Chen et al., 2006; Kouznetsov et al.; 2006). Some novel 4-

(quinoline-1-yl) benzenesulfonamide and 4-(pyrimido [4, 5-b] quinoline-

10-yl) - benzenesulfonamide derivatives have been designed and

synthetized, and their efficacy as anticancer agents was evaluated

(Ghorab et al., 2007)
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Although they have a common chemical motif of aromatic/heterocyclic

or amino acid sulfonamide, there are a variety of mechanisms of their

antitumor action, such as carbonic anhydrase inhibition, cell cycle

perturbation in the G1 phase, disruption of microtubule assembly,

functional suppression of the transcriptional activator NF-Y, and

angiogenesis (matrix metalloproteinase, MMP) inhibition among others

(Scozzafava et al., 2003).

Sulfonamides exhibit a variety of mechanisms of their antitumor action.

Indisulam  is one of the synthetic sulfonamide derivative, which is being

developed as anti-cancer agent. The compound has anti-tumor activity in

vitro and in vivo against a wide variety of human tumor cell lines and

xenografts.(Ozawa et al., 2001).

In the human cancer cell line, treatment with indisulam (HDACI) leads to

disruption of the cell cycle progression in the G1/S boundary accompanied

by hypophosphorylation of the retinoblastoma protein and a reduction in

the expression of cyclins A, B1 and cyclin-dependent kinase 2. Indisulam

was also associated with up regulation of p53 and p21 and subsequent

apoptosis. (Fukuoka et al., 2001) As shown by recent studies, indisulam

is a potent inhibitor of cellular dehydrogenases. Hence, downstream

events such as G1/S arrest and cell death are likely to occur due to

interference with the malate-aspartate shuttle, glycolysis and

gluconeogenesis. (Oda et al., 2003).

Some new benzenesulfonamides, disubstituted sulfonylureas, and

sulfonylthioureas substituted basically with 3-(2-thienyl or 3-pyridyl)-

indeno [1,2-c]pyrazol(in)e counterpart were synthesized and their
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antitumor activity was evaluated in vitro and some have been reported to

be potent anticancer agents, which interact with a wide range of different

cellular targets (Faidallah, et al, 2007).

The diaryl or heterocyclic sulfonamides (Among the sulfonamides) have

recently emerged as an important class of antimitotic agents against

different types of cancer, including multidrug resistant tumors (Hu et al.,

2008).

The normal cell cycle and its Molecular mechanisms

The cell cycle is an ordered sequence of events that involves the process

by which a cell grows and then divides resulting in the production of two

daughter cells that are identical to the original parent cell. The cycle may

be considered in four phases commencing with the G1-phase (G1) during

which the cell undergoes a series of biochemical and physiological

changes, including sustained growth, all in preparation for the S-phase

(S) that follows. During S, the cell copies its DNA resulting in the

development of duplicate copies of each chromosome. This is followed

by the G2-phase (G2), a gap phase, prior to M-phase (M), i.e. mitosis,

when the cell divides, with one set of chromosomes being allocated to

each daughter cell. The process by which all of this takes place is highly

regulated and dependent on a pre-defined and finely tuned interplay

among all of the proteins involved (fig.7) and (table-1).

The progress through the phases is governed by a group of cyclin-

dependent kinases (Cdks), the principal members being Cdk4, which is

active in mid-G1, Cdk2 which is active in late G1, S and M and finally
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Cdk1, which is active only in M. The activity of these Cdks is itself

controlled by a number of mechanisms that include association with

cyclins, these being cyclin D in G1, cyclin E in late G1, cyclin A in S, G2

and M, and cyclin B in M. (Tenderenda, 2005 ). Activity is also

regulated by phosphorylation and dephosphorylation reactions as well as

association with a number of inhibitors including P16, which inhibits

Cdk4 and also P21 and P27, both of which can inhibit Cdk4 and Cdk2.

This tightly controlled Cdk activity enables the cell not only to execute

the cycle correctly, but also to observe a number of control checks on its

own progress. (Tenderenda, 2005). This tightly controlled Cdks activity

enables the cell not only to execute the cycle correctly, but also to

observe a number of control checks on its own progress through the cell

cycle check points (Karp and Gerald, 2005).

Phase Cyclin Cdks

G1 D, E CDK4, CDK2

S A, E CDK2

G2 A CDK2

M B CDK2,CDK1

Table (1): Cyclin and Cdks used in Cell Cycle
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Image (7): Diagram depicting the different phases of the cell cycle, together
with the major cyclin/CDK complexes and check points involved in each
phase (Rossi, et al.2006).

Cell cycle checkpoint:

Cell cycle checkpoints (illustrated in fig.8) are control

mechanisms that ensure the fidelity of cell division in eukaryotic cells.

These checkpoints verify whether the processes at each phase of the cell

cycle have been accurately completed before progression into the next

phase ( Gerald 2005). An important function of many checkpoints is to

assess DNA damage, which is detected by sensor mechanisms. When

damage is found, the checkpoint uses a signal mechanism to either stall

the cell cycle until repairs are made or, if repairs can't be made, to target

the cell for destruction via apoptosis.

The main checkpoints which control the cell division cycle are presented

in table (7).
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Image (8): Diagram depicting the different phases of the cell cycle, together
                    With check points involved in each phase (Karp, Gerald 2005).

Pocket protein family:

Pocket protein family consists of three proteins (Cobrinik, 2005):

 RB – Retinoblastoma protein

 p107 – Retinoblastoma-like protein 1

 p130 – Retinoblastoma-like protein 2

The retinoblastoma protein is a tumor suppressor protein that is

dysfunctional in many types of cancer (Murphree& Benedict, 1984).

They play crucial roles in the cell cycle through interaction with

members of the E2F transcription factors family (Cobrinik ,2005).

PRb prevents the cell from replicating damaged DNA by preventing its
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progression along the cell cycle through G1 (first gap phase) into S

(synthesis phase) (Das et al., 2005). PRb binds and inhibits transcription

factors of the E2F family (Wu et al., 1995). When pRb is bound to E2F,

the complex acts as a growth suppressor and prevents progression

through the cell cycle (Münger & Howley, 2002). The pRb-E2F/DP

complex also attracts a histone deacetylase (HDAC) protein to the

chromatin, further suppressing DNA synthesis.

In the hypophosphorylated state, pRb is active and carries out its role as

tumor suppressor by inhibiting cell cycle progression (Sinal & Woods,

2005).

When it is time for a cell to enter S phase, complexes of cyclin-

dependent kinases (CDK) and cyclins phosphorylate pRb, inhibiting its

activity ((Das et al., 2005 & Korenjak and Brehm,2005).The initial

phosphorylation is performed by Cyclin D/CDK4,6 and followed by

additional phosphorylation by Cyclin E/CDK2. pRb remains

phosphorylated throughout S, G2 and M phases (Münger and Howley,

2002).

E2F:

The E2F family of transcription factors is a central modulator of

important cellular events, including cell cycle progression, apoptosis and

DNA damage response. (Tsantoulis & Gorgoulis, 2005).

E2F is a group of genes that codifies a family of transcription factors

(TF) in higher eukaryotes. All of them are involved in the cell cycle

regulation and synthesis of DNA in mammalian cells (Maiti et al., 2005).
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Role of E2F/pRb complexes in the cell cycle:
E2F family member play a major role during the G1/S transition

in the mammalian cell cycle. Among E2F transcriptional targets are

cyclins, cdks, checkpoints regulators, DNA repair and replication

proteins.

The Rb tumor suppressor protein (pRb) binds to the E2F-1 transcription

factor preventing it from interacting with the cells transcription

machinery. In the absence of pRb, E2F-1 (along with its binding partner

DP-1) mediates the trans-activation of E2F-1 target genes that facilitate

the G1/S transition and S-phase. E2F target genes encode proteins

involved in DNA replication and chromosomal replication. When cells

are not proliferating, E2F DNA binding sites contribute to transcriptional

repression (Cobrinik, 2005).

Oncogenes and proto-oncogenes:
Proto-oncogenes are a group of genes that cause normal cells to become

cancerous when they are mutated (Adamson, 198 7; Weinstein & Joe,

2006). Mutations in proto-oncogenes are typically dominant in nature,

and the mutated version of a proto-oncogene is called an oncogene.

Often, proto-oncogenes encode proteins that function to stimulate cell

division, inhibit cell differentiation, and halt cell death. All of these

processes are important for normal human development and for the

maintenance of tissues and organs. Oncogenes, however, typically

exhibit increased production of these proteins, thus leading to increased

cell division, decreased cell differentiation, and inhibition of cell death;

taken together, these phenotypes define cancer cells (Emery, et al. 2001).
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Activation:
The proto-oncogene can become an oncogene by a relatively small

modification of its original function. There are three basic activation

types (Negrini et al., 2007):

 A mutation within a proto-oncogene can cause a change in the protein
structure, causing
o an increase in protein (enzyme) activity

o a loss of regulation

 An increase in protein concentration, caused by

o an increase of protein expression (through misregulation)

o an increase of protein stability, prolonging its existence and thus

its activity in the cell

o a gene duplication (one type of chromosome abnormality),

resulting in an increased amount of protein in the cell

 A chromosomal translocation (another type of chromosome

abnormality), causing

o An increased gene expression in the wrong cell type or at wrong

times

o The expression of a constitutively active hybrid protein. This type

of aberration in a dividing stem cell in the bone marrow leads to

adult leukemia .

Conversion of proto-oncogenes:

There are two mechanisms by which proto-oncogenes can be

converted to cellular oncogenes:

Quantitative: Tumor formation is induced by an increase in the absolute

number of proto-oncogene products or by its production in inappropriate

cell types.
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Qualitative: Conversion from proto-oncogene to transforming gene with

changes in the nucleotide sequence which responsible for the acquisition

of the new properties (Pelengaris et al.2000).

Tumor suppressor genes:
Tumor suppressor genes are normal genes that slow down cell division,

repair DNA mistakes, and tell cells when to die (a process known as

apoptosis or programmed cell death). When tumor suppressor genes

don’t work properly, cells can grow out of control, which can lead to

cancer. About 30 tumor suppressor genes have been identified, among

them is the p53 (Park & Vogelstein, 2003).

An important difference between oncogenes and tumor suppressor genes

is that oncogenes result from the activation (turning on) of proto-

oncogenes, but tumor suppressor genes cause cancer when they are

inactivated (turned off) (Osborne,et al.2004). Another major difference

is that while the overwhelming majority of oncogenes develop from

mutations in normal genes (proto-oncogenes) during the life of the

individual (acquired mutations), abnormalities of tumor suppressor genes

can be inherited as well as acquired (Kunstmann,et al.2004). The RB1

(retinoblastoma) gene and P53 are examples of such genes (Park &

Vogelstein,2003).

P53:
p53 (also known as protein 53 or tumor protein 53), is a

transcription factor which in humans is encoded by the TP53 gene

(Kern,et al.1991). P53 is important in multicellular organisms, where it
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regulates the cell cycle and thus functions as a tumor suppressor that is

involved in preventing cancer (Read & Strachan, 1999).

P21:

Cyclin-dependent kinase inhibitor (p21, Cip1), also known as CDKN1A,

is a protein which in humans is encoded by the CDKN1A gene located on

chromosome 6 (6p21.2) (Harper et al.1993). This gene encodes a potent

cyclin-dependent kinase inhibitor (CKI). The encoded protein binds to

and inhibits the activity of cyclin-CDK2 or -CDK4 complexes, and thus

functions as a regulator of cell cycle progression at G1.

p21 is a CKI that directly inhibits the activity of cyclin-CDK2 and

cyclin-CDK4 complexes. P21 functions as a regulator of cell cycle

progression at S phase (Gartel & Radhakrishnan, 2005). The expression of

p21 is controlled by the tumor suppressor protein p53, through which this

protein mediates the p53-dependent cell cycle G1 phase arrest in

response to a variety of stress stimuli .The function of this gene relates in

part to stress response (Rodriguez & Meuth,2006). P21 is the major

transcriptional target of the tumor suppressor gene, p53; despite this,

loss-of-function mutations in p21 (unlike p53) do not accumulate in

cancer nor do they predispose to cancer incidence. In fact, mice

genetically engineered to lack p21 develop rather normally and are not

susceptible to cancer at a higher rate than the norm.

Cell cycle and cancer overlap:
Uncontrolled proliferation is a hallmark of cancer cells. Molecular

analysis of human tumors and animal models have provided a clear basis

for the understanding of the cellular processes that govern cell cycle

progression in normal and tumor cells. Many cell cycle regulators
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controlling the correct entry and progression through the cell cycle are

altered in tumors. In fact, most, if not all, human cancers show a

deregulated control of G1 progression, a period when cells decide

whether to start proliferation or to stay quiescent. In addition, tumor cells

have impaired cell cycle checkpoints, resulting in the accumulation of

genetic aberrations. Manipulation of these control mechanisms provides

new avenues for the design of advanced therapeutic strategies against

tumor development (Malumbres & Carnero, 2003).

The cell cycle is a precisely controlled cellular program that ensures

normal cellular proliferation and development. The cyclin-dependant

kinases (CDK) are molecules central to the continued progression

through the cell-cycle checkpoints and as such are regulated by various

mechanisms including cyclin levels, phosphorylation/dephosphorylation

and cyclin-dependant kinase inhibitors (CKI). The CKIs are grouped into

two families based on their structure and function, four lnk4 CKIs and

three Cip/Kip CKIs. Abnormalities in these proteins can give rise to

developmental defects and cancer (Mainprize et al.2001).

Cell division relies on the activation of cyclins, which bind to cyclin-

dependent kinases (CDKs) to induce cell-cycle progression towards S

phase and later to initiate mitosis. Since uncontrolled cyclin-dependent

kinase activity is often the cause of human cancer, their function is

tightly regulated by cell-cycle inhibitors such as the p21 and p27 Cip/Kip

proteins. Following anti-mitogenic signals or DNA damage, p21 and p27

bind to cyclin-CDK complexes to inhibit their catalytic activity and

induce cell-cycle arrest. Interestingly, recent discoveries suggest that p21

and p27 might have new activities that are unrelated to their function as
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CDK inhibitors. The identification of new targets of Cip/Kip proteins as

well as evidence of Cip/Kip cytoplasmic relocalization have revealed

unexpected functions for these proteins in the control of CDK activation,

in the regulation of apoptosis and in transcriptional activation(Coqueret

,2003) .

Cyclin-dependent kinases (CDKs) and their cyclin partners are positive

regulators or accelerators that induce cell cycle progression; whereas,

cyclindependent kinase inhibitors (CKIs) that act as brakes to stop cell

cycle progression in response to regulatory signals are important negative

regulators (Park & Lee ,2003)

Maintenance of genomic integrity is essential to avoid cellular

transformation, neoplasia, or cell death. DNA synthesis, mitosis, and

cytokineses are important cellular processes required for cell division and

the maintenance of cellular homeostasis; they are governed by many

extra- and intra-cellular stimuli. Progression of normal cell division

depends on cyclin interaction with cyclin-dependent kinases (Cdk) and

the degradation of cyclins before chromosomal segregation through

ubiquitination. Multiple checkpoints exist and are conserved in the cell

cycle in higher eukaryotes to ensure that if one fails, others will take care

of genomic integrity and cell survival. Many genes act as either positive

or negative regulators of checkpoint function through different kinase

cascades, delaying cell cycle progression to repair the DNA lesions and

breaks, and assuring equal segregation of chromosomes to daughter cells.

Understanding the checkpoint pathways and genes involved in the

cellular response to DNA damage and cell division events in normal and

cancer cells, provides information about cancer predisposition, and
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suggests design of small molecules and other strategies for cancer

therapy (Dash & El-Deiry, 2004).

Mitogen-dependent progression through the first gap phase (G1) of the

mammalian cell-division cycle is precisely regulated so that normal cell

division is coordinated with cell growth, while the initiation of DNA

synthesis (S phase) is precisely ordered to prevent inappropriate

amplification of the DNA that may cause genome instability.

To ensure that these fundamental requirements of cell division are met,

cells have developed a surveillance mechanism based on an intricate

network of protein kinase signaling pathways that lead to several

different types of checkpoints. Since these checkpoints are central to the

maintenance of the genomic integrity and basic viability of the cells,

defects in these pathways may result in either tumorigenesis or apoptosis,

depending on the severity and nature of the defects (Nojima , 2004).

Checkpoints, which monitor DNA damage and regulate cell cycle

progression, ensure genomic integrity and prevent the propagation of

transformed cells. DNA damage activates the p53-dependent checkpoint

pathway that induces expression of p21Cip1/WAF1, resulting in cell

cycle arrest at G1/S transition by inhibition of cdk activity and DNA

replication (Arima, et al., 2004).

Checkpoints can become activated due to DNA damage, exogenous

stress signals, and defects during the replication of DNA, or failure of

chromosomes to attach to the mitotic spindle. Abrogation of cell cycle

checkpoints can result in death for a unicellular organism or uncontrolled

proliferation and tumorigenesis in metazoans (Giono & Manfredi, 2006).



54

Cells contain numerous pathways designed to protect them from the

genomic instability or toxicity that can result when their DNA is

damaged. The p53 tumor suppressor is particularly important for

regulating passage through G1 phase of the cell cycle, while other

checkpoint regulators are important for arrest in S and G2 phase. Tumor

cells often exhibit defects in these checkpoint proteins, which can lead to

hypersensitivity. When their DNA is damaged, p53-defective tumor cells

preferentially arrest in S or G2 phase. Wild type p53 can prevent

abrogation of arrest by elevating levels of p21 (waf1) and decreasing

levels of cyclins A and B. During tumorigenesis, tumor cells frequently

loose checkpoint controls and this facilitates the development of the

tumor (Eastman , 2004).

Cancer can originate from under expression of negative regulators, such

as CDK inhibitors (CKIs). CKIs are the focus of much cancer research

because they are capable of controlling cell cycle proliferation--the Holy

Grail for cancer treatment. CDKs can be inactivated by several

mechanisms:, (i) by association with CKIs including p16 (INK4a), p15

(INK4b), p21 (Cip1), p27 (Kip1), and p57 (Kip2), (ii) by disassociation

from their cyclin regulatory unit, (iii) by dephosphorylation of a

conserved threonine residue in the T-loop, and (iv) by adding inhibitory

phosphate (Lee  & Yang ,2001).

DNA damage results in transcriptional induction of p53 target genes,

including the cyclin-dependent kinase (CDK) inhibitor p21 (Cip1)

(CDKN1A) and the proapoptotic Bcl-2 family member p53 up-regulated

modulator of apoptosis (PUMA). Depending on the cellular context,

p21(Cip1) and PUMA mediate cell cycle arrest and apoptosis,
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respectively. By imposing cell cycle arrest at the expense of apoptosis,

p21 (Cip1) can sharply reduce the effectiveness of DNA-damaging

anticancer agents in cancer cells (Le et al., 2005).

Histone deacetylase inhibitors and cell cycle:

The mechanism of action and the basis for selectivity of HDAC

inhibitors toward tumor cells have not yet been fully elucidated, but

multiple possibilities exist. For example, HDACIs may interfere with

cancer cell proliferation and/or survival through the modulation of cell-

cycle traverse, induction of differentiation, or by promoting cell death

(i.e., apoptosis) (Rosato and Grant, 2003).

Rosato et al. (2006) reported that low concentrations of the Histone

Deacetylase Inhibitor LAQ824 trigger cell-cycle arrest in G1 phase, most

likely through up-regulation of the cyclin-dependent kinase inhibitor

p21WAF1/CIP1, the relatively delayed generation of reactive oxygen species

(ROS), and cellular maturation.

The efficacy of many HDACIs to induce cell cycle arrest has been

elucidated by many investigators. In a variety of cell types, butyrate and

specific histone hyperacetylating agents (such as TSA and trapoxin) have

been shown to cause a G1 cell cycle arrest (Rosato and Grant,2003 &

Sawa et al., 2001),

HDAC inhibitors have been reported to be potent inducers of

differentiation and cell cycle arrest (Acharya et al., 2005 ; Monneret

2005 ; Lin et al., 2006).
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HDAC inhibitors have been shown to arrest the cell cycle both at the

G0/G1 and the G2/M phases, depending on cell type (Fournel et al., 2002;

Takai et al., 2004 & Ryu et al., 2006).

DNA Fragmentation:

Production of DNA damage is the basis of cancer treatments such

as chemo- and radiotherapy. Such treatments induce mitotic catastrophe,

a form of cell death resulting from abnormal mitosis and leading to the

formation of interphase cells with multiple micronucle (Driessens et al.,

2003).

The anticancer therapy caused significant increases in the amount of all

four DNA base modifications over control levels in the lymphocytes of

most of the patients. For the majority of the cases the base products

returned to the control value 24 hr after the infusion of the drug, which

suggests the removal of these lesions by cellular repair processes.

However, some of the modified bases escaped repair. Because part of

these modifications may possess premutagenic properties, they may be

responsible for secondary cancers induced by chemotherapy (Olinski  et

al., 2007).

Apoptosis, or programmed cell death, is an essential process that

participates in development and the maintenance of tissue homeostasis.

The process depends on actively controlled degradation of intracellular

structures and allows the removal of unwanted, incorrect or damaged

cells from multicellular organisms (Hengartner, 2000; Kaufman &

Hengartner, 2001). The sequential generation of large chromatin
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fragments followed by internucleosomal fragmentation is a biochemical

hallmark of apoptosis. This genomic DNA fragmentation is correlated

with chromatin condensation and nuclear breakdown (Zhang & Xu,

2002; Samejima & Earnshaw, 2005). The major nuclease primarily

responsible for internucleosomal chromatin fragmentation is DNA

fragmentation factor (DFF), also termed caspase-activated DNase (CAD)

(Widłak & Garrard, 2005).

Early in the apoptotic process, the DNA is cleaved to HMW fragments

and chromatin is condensed against the nuclear periphery (stage I). In the

next step, DNA degrades into oligonucleosomal size and chromatin

condensation progress further, then cells form discrete apoptotic bodies

(stage II).Although two stages of DNA degradation and chromatin

condensation are observed in most apoptotic cells, some cells exhibit

stage I DNA degradation and chromatin condensation but never reach

stage II (Samejima et al., 2001). It has been described that AIF

(apoptosis-inducing factor) is the main factor responsible for the

peripheral chromatin condensation indicating stage I apoptosis and

HMW DNA fragmentation (Bröker, et al., 2005).

DNA fragmentation is mediated, at least in part, by an endonuclease that

is activated by caspase-3. The latent cytosolic endonuclease CAD (or

DFF40) is actually activated as a result of caspase-3-catalyzed cleavage

of the associated inhibitor ICAD (or DFF45), thus allowing the active

enzyme to enter the nucleus and to degrade DNA (Enari et al., 1998 &

Sakahira et al., 1998).

The DFF40/CAD endonuclease also termed caspase-activated DNase
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(CAD) (Widłak & Garrard, 2005) is primarily responsible for

internucleosomal DNA cleavage during the terminal stages of apoptosis

(Kalimowsk-Herok and Widłak, 2008).

In its inactive form, DFF is a heterodimer composed of a 40-kDa latent

endonuclease subunit (DFF40/CAD, hereafter termed DFF40) and a 45-

kDa chaperone and inhibitory subunit (DFF45/ ICAD, hereafter termed

DFF45) (Liu et al., 1997 and 1998; Enari et al., 1998; Halenbeck et al.,

1998).

DFF45 carries two caspase-3 recognition sites. Upon caspase-3 cleavage

of DFF, DFF45 is cut and released from DFF40, which forms homo-

dimmers (Woo et al., 2004) and higher homo-oligomers (Liu et al., 1999;

Widłak et al., 2003) that are forms of the enzymatically active nuclease.

An early transient burst of poly(ADP-ribosyl)ation of nuclear proteins

was recently shown to be required for apoptosis to proceed in various cell

Lines (Simbulan-Rosenthal, et al., 1998) followed by cleavage of

poly(ADP-ribose) polymerase (PARP), catalyzed by caspase-3. This

inactivation of PARP has been proposed to prevent depletion of NAD (a

PARP substrate) and ATP, which are thought to be required for later

events in apoptosis. The role of PARP cleavage in apoptosis has now

been investigated in human osteosarcoma cells and PARP /

fibroblasts stably transfected with a vector encoding a caspase-3-resistant

PARP mutant. Expression of this mutant PARP increased the rate of

staurosporine and tumor necrosis factor- -induced apoptosis, at least in

part by reducing the time interval required for the onset of caspase-3

activation and internucleosomal DNA fragmentation, as well as the

generation of 50-kilobase pair DNA breaks, thought to be associated with



59

early chromatin unfolding. Overexpression of wild-type PARP in

osteosarcoma cells also accelerated the apoptotic process, although not to

the same extent as that apparent in cells expressing the mutant PARP.

These effects of the mutant and wild-type enzymes might be due to the

early and transient poly (ADP-ribose) synthesis in response to DNA

breaks, and the accompanying depletion of NAD apparent in the

transfected cells. The accelerated NAD depletion did not seem to

interfere with the later stages of apoptosis. These results indicate that

PARP activation and subsequent cleavage have active and complex roles

in apoptosis (Boulares. et al., 1999).

The role of DFF-mediated DNA fragmentation in apoptosis was

investigated in primary fibroblasts from DFF45/ and control (DFF45+/+)

mice. DFF45 deficiency rendered fibroblasts resistant to apoptosis

induced by tumor necrosis factor (TNF). TNF induced rapid cleavage of

DNA into ~50-kb fragments in DFF45+/+ fibroblasts but not in DFF45/

cells, indicating that DFF mediates this initial step in DNA processing.

The TNF-induced activation of poly (ADP-ribose) polymerase (PARP),

which requires PARP binding to DNA strand breaks, and the consequent

depletion of the PARP substrate NAD were markedly delayed in DFF45/

cells, suggesting a role for DFF in PARP activation. The activation of

caspase-3 and mitochondrial events important in apoptotic signalling,

including the loss of mitochondrial membrane potential and the release of

cytochrome c, induced by TNF were similarly delayed in DFF45/

fibroblasts. DFF45/ and DFF45+/+ cells were equally sensitive to the

DNA-damaging agent and PARP activator N-methyl-N'-nitro-N-

nitrosoguanidine. Inhibition of PARP by 3-aminobenzamide partially

protected DFF45+/+ cells against TNF-induced death and inhibited the
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associated release of cytochrome c and activation of caspase-3. These

results suggest that the generation of 50-kb DNA fragments by DFF,

together with the activation of PARP, mitochondrial dysfunction, and

caspase-3 activation, contributes to an amplification loop in the death

process (Boulares et al., 1999).

HDACIs can inhibit DNA repair responses in cancer cell lines, which

might increase the sensitivity of tumour cells to chemotherapy and

radiotherapy by leading to increased DNA damage by these treatments (

Camphausen et al., 2004 & Munshi et al., 2005).

Cell Death:
Balance between cell division and cell death is of utmost importance for

the development and maintenance of multicellular organisms. Disorders

of either process have pathologic consequences and can lead to the

development of cancer. Therefore, the equilibrium between life and death

is tightly controlled and faulty elements can effectively be eliminated by

a process called "programmed cell death" (Danial & Korsmeyer, 2004).

Cell Death is a critical process in development and homeostasis of

normal organisms. All cells are equipped with genetic program of self

destruction that play an important roles in balancing cell proliferation

with cell death and many other physiological processes. Apoptosis is a

key regulator of tissue homeostasis which critically depends on the

equilibrium of cells maintains the correct number. Apoptosis and

necrosis are two forms of cell death, with well defined morphological

and biochemical differences (Desagher S, Martinou, 2000).
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Types of cell death
Three modes of death are currently defined by morphological criteria:

apoptosis, autophagy, and necrosis (D
,
Herd, et al. 2009).

Discrimination between apoptotic and necrotic cell death is important for

evaluation of the effects of anti-cancer drugs, as well as for study of the

molecular biology of various diseases of immune system, liver, brain,

and heart, in which cell death plays a prominent role.

Image (9) Hallmarks of the apoptotic and necrotic cell death process. Apoptosis
includes cellular shrinking, chromatin condensation and margination at the nuclear
periphery with the eventual formation of membrane-bound apoptotic bodies that
contain organelles, cytosol and nuclear fragments and are phagocytosed without
triggering inflammatory processes. The necrotic cell swells, becomes leaky and finally
is disrupted and releases its contents into the surrounding tissue resulting in
inflammation. Modified from [Van Cruchten, 2002].
Necrosis cell death

Programmed cell necrosis can be a consequence of extracellular signaling

or can be initiated as a form of cellular suicide in response to intracellular

perturbations. Cell suicide by necrosis appears to have evolved to allow
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multicellular organisms to have an early warning system to recognize and

adapt to events that might compromise the integrity of the organism as a

whole. As such programmed cell necrosis plays a role in a number of

diseases such as cancer (Proskuryakov et al., 2002).

Necrosis is associated with release of lysosomal proteases, which cause

proteolysis of nuclear histones, leaving”naked’stretches of DNA not

protected by histones.Electrophoresis of DNA from necrotic cells results

in smear pattern (Fadeel, Zhivotovsky et al., 1999). In addition, necrotic

cells enhance proinflamatory responses of activated macrophages,

whereas apoptotic cells profoundly inhibit these(Cocco and Ucker,

2001).

The mechanisms that mediate necrosis in mammals are poorly

understood. Recent studies demonstrate that necrosis is carried out by

specific cellular pathways,(Andreyev et al., 2005 & Ankarcrona et al.,

1995) suggesting that this form of cell death may be more "programmed"

than initially thought.

General characteristics of necrosis:
1) Energy-dependent-organized.

2) Plasma membrane integrity maintained.

3) Ordered DNA degradation.

4) Immuno-suppressive; e.g., lysophosphatidylcholine (LPC).

5) Cell elimination; e.g., phosphatidylserine (PS) (Zong &  Thompson,

2006).
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Apoptotic cell death
Apoptosis is defined as an active physiological process of cellular self-

destruction, with specific morphological and biochemical changes

(Steller, 1995).

General characteristics of apoptosis:
1) Bioenergetic impairment-disordered.

2) Plasma membrane integrity lost.

3) Random DNA degradation

4) Immuno-stimulating; e.g., high mobility group protein B1 (HMGB1).

5) Initiation of cell growth and tissue repair; e.g., hepatoma-derived

growth factor (HDGF) ( Zong &  Thompson,2006)

Factors Which Determine Whether the cell Engages in

Apoptosis or Necrosis:

Mitochondria constitute an important component of the cell death

machinery. The mitochondrial permeability transition (MPT) is a

common pathway leading to both necrotic or apoptotic cell death (Kim,

Qian et al., 2003). Signals that trigger or switch cell death pathway are

ATP, reactive oxygen species (ROS) and apoptotic and necrotic factors.

Apoptosis is an energy dependent process, and decrement of ATP may

cause a shift from apoptosis to necrosis (Eguchi and Shimizu et al.,

1997).

Oxygen radicals are created under different physiological and toxic

conditions may induce cell death by selectively altering the structure and

function of plasma membrane. Free radicals interact with lipids, proteins,
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and other cellular constituents, leading to cell death (Halliwell, 2000).

Cell death induced by free radicals may have characteristics of apoptosis

or necrosis (Kane & Sarafian et al., 1993).Hydrogen peroxide (H2O2)

causes apoptosis or necrosis, depending on the intracellular

concentrations (Toroyano& Sancho et al., 2003).

Different intracellular mediators and their receptors, TNF (Tumour

necrosis factor). FAS (also known as CD95 or APO-1), and TRAIL

(TNF-related apoptosis inducing ligands) can activate both apoptosis and

necrosis. The mechanisms of TNF-α-induced necrosis have been studied

in detail, and the induction of ROS has been found to be a key factor

(Lin& Choksi et al., 2004).

Apoptosis is mediated by a group of specific family of cystiene

proteases; the caspases.These enzymes are typically activated in the early

stages of apoptosis by processing from its precursor (Zymogene) and are

involved in both initiation and execution of apoptosis (Thornberry and

Lazenbnik, 1998).

The major apoptotic pathways:
Apoptosis can be triggered by two fundamentally distinct signaling

cascades, namely the extrinsic and intrinsic (or mitochondrial) pathways

(Danial & Korsmeyer, 2004 and Galluzzi et al., 2008).

The extrinsic pathway of apoptosis
The extrinsic pathway is started by the ligand-induced

oligomerization of specific cell surface receptors, such as Fas/CD95 and

the tumor necrosis factor receptor (TNFR). This induces the intracellular

assembly of the death-inducing signaling complex (DISC), a molecular
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platform for the activation of the caspase cascade that emanates from

caspase-8 and results in the activation of effector caspases and nucleases

(e.g., caspase-3, -6, and -7, caspase-activated DNase) (Fig.10).

Intrinsic Pathway:
The intrinsic pathway is initiated from within the cell in response

to cellular signals resulting from DNA damage, a defective cell cycle,

detachment from the extracellular matrix, hypoxia, loss of cell survival

factors, or other types of severe cell stress. This pathway involves the

release of pro- apoptotic proteins that activate caspase enzymes from the

mitochondria, which ultimately trigger apoptosis (Letai, 2005 & Fulda

and Debatin, 2006).

The intrinsic pathway is controlled by mitochondria, which collect and

integrate pro- and antiapoptotic signals incoming from other organelles

as well as from the extracellular microenvironment. Notably,

proapoptotic stimuli as diverse as DNA damage, endoplasmic reticulum

(ER) stress, lysosomal stress, reactive-oxygen species (ROS), and

calcium (Ca2+) , a defective cell cycle, detachment from the extracellular

matrix, hypoxia, loss of cell survival factors, or other types of severe cell

stress.overload are able to activate the intrinsic pathway of apoptosis by

favoring mitochondrial membrane permeabilization (MMP) (Fig.10). In

some cells, mitochondrial apoptosis may ensue the activation of death

receptors, due to the MMP-promoting activity of the BH3-only protein

Bid, which can be proteolytically activated by caspase-8 (Letai, 2005;

Fulda & Debatin, 2006 and Galluzzi et al., 2008).
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The intrinsic apoptotic pathway hinges on the balance of activity between

pro- and anti-apoptotic members of the BCL2 superfamily of proteins

(Figure 11) which act to regulate the permeability of the mitochondrial

membrane (Coultas & Strasser, 2003). The anti-apoptotic BCL2 proteins

BCL2 and BCLXL act to prevent permeabilization of the mitochondrial

outer membrane by inhibiting the action of the pro-apoptotic multi-

domain BCL2 proteins BAX (a cytosolic protein) and BAK (found in the

mitochondrial membrane) (Reed, 1998). Overexpression of BCL2 and

BCLXL is known to be associated with a number of human malignancies

(Bush & Li , 2003 and Coultas & Strasser, 2003). Other pro-apoptotic

BCL2 family members, including the BH3-only proteins PUMA and

NOXA, act as cytosolic sensors of cell damage or stress (Karst & Li ,

2007).

Under normal conditions, caspase activity is held in check by a protein

family known as inhibitor of apoptosis proteins (IAPs), (Lavrik et al.

2005).
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Image (10): The Extrinsic and the Intrinsic (Mitochondrial) Pathways of
Apoptosis.
The extrinsic apoptotic pathway involves the activation of death receptors at the
cell surface, followed by a caspase cascade that eventually leads to the execution
of cell death. In contrast, different proapoptotic stimuli initiate the intrinsic
pathway by triggering mitochondrial membrane permeabilization (MMP).
Following MMP, intermembrane space proteins are released into the cytosol, the
mitochondrial transmembrane potential (Δψm) is dissipated, and the bioenergetic
and redox-detoxifying functions of mitochondria are compromised. The
resulting bioenergetic and redox crises, associated with the activation of both
caspase-dependent and -independent executioner mechanisms, commit the cell
to death. The two pathways are interconnected by the BH3-only protein Bid,
whose truncated form (tBid) is generated by caspase-8 and can target
mitochondria to trigger MMP. For a more detailed description of the intrinsic
and extrinsic pathways of apoptosis please refer to the Introduction and to
(Kroemer ,et al.2007). DISC, death-inducing signaling complex; ER,
endoplasmic reticulum.

The Role of the Cyclin-dependent Kinase Inhibitor p21 in Apoptosis:

P21 plays an essential role in growth arrest after DNA damage

(Dulic et al.1994 & Brugarolas et al.1995), and overexpression leads to

G1 and G2 (Niculescu et al.,1998) or S-phase (Ogryzko et al.,1997)

arrest.
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P21 expression has been shown to be regulated largely at the

transcriptional level by both p53-dependent and -independent

mechanisms (Gartel & Tyner, 1999). The p21 promoter contains two

conserved p53-binding sites, and at least one of these is required for p53

responsiveness after DNA damage (El-Deiry et al., 1995).

Activation of the tumor suppressor p53 generally leads to growth

arrest and/or apoptosis, and its activities play important roles in

preventing the development of cancer. Although p21 plays a critical role

in inducing p53-dependent growth arrest after DNA damage, it is

dispensable for p53-dependent apoptosis (Brugarolas et al., 1995 &

Deng et al., 1995). Many recent studies have suggested that p21 is not

only unessential but may actually act as an inhibitor of p53-dependent

apoptosis.

In response to radiation and chemotherapy, p53 protein is

stabilized and mediates apoptosis and cell cycle arrest. P53-dependent

cycle arrest is primarily mediated by the CDK inhibitor p21. There is a

mounting evidence that p21 is a major inhibitor of p53-dependent

apoptosis (Fig.11).It is not entirely clear how a cell chooses between

apoptosis and p21-dependent cell cycle arrest after DNA damage and

stabilization of p53, but often high levels of p21 expression mediate cell

cycle arrest and protect from p53-dependent apoptosis (Gartel &

Tyner,2002).
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Image (11): p21 is a major inhibitor of p53-dependent and p53-independent
apoptosis. DNA damage and oxidative stress (H2O2) activate two pathways, one
involving p53-dependent apoptosis and the other involving p53-dependent activation
of p21 that protects cells from apoptosis. Repression or elimination of p21 expression
by E1A, triptolide, apoptosis-stimulating protein of p53 (ASPP), or c-Jun improves
the apoptotic effect of p53, whereas induction of p21 by interleukin 3 (IL-3)
suppresses p53-dependent apoptosis. TGF-ß, TNF-, histone deacetylase inhibitors,
IFN-, and interleukin 6 (IL-6) induce p53-independent activation of p21 via different
transcription factors. p53-independent induction of p21 protects cells against p53-
independent apoptosis.

Apoptosis in cancer:
The balance between cell proliferation and apoptosis is influenced by

genes that contribute to the development of cancer (oncogenes) and those

that encode proteins that normally suppress tumor formation (tumor

suppressor genes) (Vogelstein & Kinzler, 2004). Oncogenes are mutated

forms of normal cellular genes known as proto-Oncogenes which, when

activated by mutation or increased expression, increase the chance that a

normal cell will become malignant.

In cancer cells, persistent and/or elevated signaling from oncogenes drive

proliferation. In advanced malignancy, there is often selection for tumor

cells with inactive p53 or over-expression of specific anti-apoptotic
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factors such as BCL2 — properties that enable the tumor cell to evade

apoptosis. Increased BCL2 protein production occurs in numerous human

cancers and is linked to poor disease outcome. In addition, over-

expression of the BCL2 gene may confer resistance to chemotherapeutic

drugs (Reed, 1998). As a consequence of such oncogenic lesions, tumor

cells may in fact be innately more sensitive to the induction of apoptosis.

HDACIs and induction of apoptosis
HDACIs induce, to a variable extent, growth arrest, differentiation or

apoptosis in vitro and in vivo (Marks et al., 2001 & Johnstone, 2002). In

some cases, growth arrest is induced at low doses, and apoptosis is

induced at higher doses; in other cases, growth arrest precedes apoptosis.

However, cells might undergo apoptosis without significant changes in

their cell-cycle profile. Strikingly, normal cells are almost always

considerably more resistant than tumor cells to HDACIs (Johnstone,

2002). HDACIs also induce cell death through caspase-dependent and

caspase-independent pathways. In most of the studies, caspase activation

has been reported to occur through the mitochondria/cytochrome c-

mediated apoptotic pathway. Nevertheless, HDACIs can induce cell

death with morphological features of autophagy in the absence of

activated caspases, indicating that HDACIs might work in cells with

apoptotic defects (Shao, et al., 2004 & Mühlethaler-Mottet et al., 2006).

SAHA and TSA induce apoptosis, which is characterized by

mitochondrial stress, but so far, the critical elements of this apoptotic

program remain poorly defined. To characterize in more detail this

apoptotic program, they were used human cell lines containing alterations

in important elements of apoptotic response such as: p53, Bcl-2, caspase-
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9, and caspase-3. They demonstrate that caspase-9 is critical for apoptosis

induced by SAHA and TSA and that efficient proteolytic activation of

caspase-2, caspase-8, and caspase-7 strictly depends on caspase-9. Bcl-2

efficiently antagonizes cytochrome c release and apoptosis in response to

both histone deacetylase inhibitors. Providing evidences that

translocation into the mitochondria of the Bcl-2 family member Bid

depends on caspase-9 and that this translocation is a late event during

TSA-induced apoptosis. They also demonstrated that the susceptibility to

TSA- and SAHA-induced cell death is regulated by p53 (Henderson et

al., 2003).

In HDACIs-induced apoptosis, the mitochondrion and the production of

pro-apoptotic reactive oxygen species (ROS) seems to be important

(Shao, et al. , 2004, Rosato, et al., 2005 & Ungerstedt et al., 2005). The

precise mechanisms underlying the accumulation of ROS are under

investigation and might help us to understand why normal cells are

selectively resistant to HDACIs treatment. Normal, but not transformed,

human fibroblasts accumulate thioredoxin (TXN, also known as TRX), a

natural ROS scavenger, after treatment with HDACIs. Therefore, ROS

accumulation might be neutralized in normal cells by TXN, whereas

transformed cells die because they do not express TXN: indeed,

knockdown of TXN in normal cells causes accumulation of ROS and

increased cell death (Ungerstedt et al., 2005).

It was reported that SAHA is a potent inducer of apoptosis of human

multiple myeloma cells.Microarray analysis of gene expression in these

cells revealed that a constellation of antiproliferative and/or pro-

apoptotic genes was altered within 6 hrs of culture with SAHA,
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including down regulation of transcripts of anti-apoptotic genes, such as,

caspase inhibitors, oncogenic kinases, DNA synthesis repair enzymes

and transcription factors such as E2F-1. Among other genes commonly

repressed by HDAC inhibitors are cyclin D1 (Dokmanovic and Marks,

2005).

The activity of SAHA in modulating cell growth and apoptosis have been

assessed in head and neck squamous cell carcinoma (HNSCC) cells

compared with premalignant leukoplakia and normal oral cells. SAHA

induced growth inhibition, cell cycle changes, and apoptosis in HNSCC

cell lines but had limited effects on premalignant and normal cells.

Although SAHA triggered the mitochondrial pathway of apoptosis,

including cytochrome c release, caspase-3 and caspase-9 activation, and

poly (ADP-ribose) polymerase cleavage in HNSCC cells, specific

inhibition of caspase-9 only partially blocked the induction of apoptosis

induction. SAHA also activated the extrinsic apoptosis pathway,

including increased Fas and Fas ligand (FasL) expression, activation of

caspase-8, and cleavage of Bid. Interfering with Fas signalling blocked

apoptosis induction and blunted growth inhibition by SAHA. An

indication that SAHA induces apoptosis in HNSCC cells through

activation of the Fas/FasL death pathway in addition to the intrinsic

mitochondrial pathway although having comparatively little activity

against precancerous and normal oral cells with intrinsic Fas and Fas

expression (Zhang et al. ,2008& Gillenwater et al.,2007).Induction of

apoptosis occurs by two main pathways: triggering of cell surface death

receptors (the extrinsic pathway) or by perturbation of mitochondria (the

intrinsic or Bcl-2-family-regulated pathway), with caspase-8 and -9

being the apical caspases, respectively (Fulda et al. ,2006, Rowinsky,

2005& Debatin and Krammer. ,2004). Members of the Bcl-2 family are
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critical regulators of apoptosis and comprise pro-survival anti-apoptotic

members, such as Bcl-2, Bcl-xL and Mcl-1, multidomain pro-apoptotic

members, such as Bax and Bak, and pro-apoptotic BH3- only proteins,

including Bad, Bik, Bim, Bmf, Puma and Noxa (Galluzzi et al., 2008&

& Chen et al., 2005).

On receipt of a death signal, Bax and Bak can form oligomers in

mitochondrial membranes leading to release of cytochrome c and caspase

activation, whereas anti-apoptotic Bcl-2 members prevent this release by

blocking activation of Bax and Bak. BH3-only proteins are critical for

cell death initiation, they act upstream of Bax and Bak and their pro-

apoptotic activity is tightly controlled by diverse transcriptional and

posttranslational mechanisms (Youle and Strasser, 2008& Adams and

Cory, 2007).

HDAC inhibitor-mediated enhanced radiation sensitivity :

At the present time, more than one-half of all cancer patients are treated

with radiation therapy. Despite a good therapeutic index, radiotherapy

can disable normal tissue injury to normal tissues in long-term cancer

survivors. Thus; an important challenge to modern radiation therapy is to

increase the tolerance of normal tissues, in order to improve the quality

of life of the patients, and to enhance local tumor control using dose

escalation and /or new biological radiosensitizers (Vozenin-Brotons,

2007). However, it has recently been suggested that HDAC inhibitors

may also enhance the activity of other cancer therapeutics, including

radiotherapy (Munshi et al.2005 &Zhang et al.2006).



74

Many studies have revealed the radiosensitizing abilities of various

HDACIs, (Entin-Meer et al. 2007), (Camphausen et al. 2005), (Munshi

et al. 2005), (Entin-Meer et al.2005), (Zhang et al. 2004) and (Tang et

al. 2004).

The combination of radiotherapy and chemotherapy is advocated

primarily because of the independent effect of each modality.

Chemotherapeutics enhance radiocytotoxicity by means of increasing the

initial DNA damage, inhibiting DNA repair, or slowing down cellular

repopulation during fractionated radiotherapy, which are mechanisms

that essentially depend on cell cycle synchronization of the tumor cell

population (Milas et al.2003). Theoretically, such synchronization is

achieved when sub-lethal DNA damage is applied to the tumor cells, by

means of activation of signaling pathways that are rapidly manifested as

arrests at cell cycle checkpoints (Kastan & Bartek, 2004).

Massive insult on DNA, such as double-strand DNA breaks following

cellular exposure to ionizing radiation, may induce checkpoint responses

in essentially any phase of the cell cycle (Kastan &

Bartek,2004),ultimately leading to the outcome of cell survival if DNA is

properly repaired or, if not, cell death (Fei & El-Deiry,2003). The

signaling pathway via the tumor-suppressor protein p53, the primary

regulator of the G1 checkpoint, is often defective in human solid tumors.

In tumor cells with intact p53 function, however, DNA damage leads to

rapid p53 stabilization and subsequent induction of the G1 phase inhibitor

p21 (Fei & El-Deiry,2003).
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Recently, strategies to enhance tumor radiosensitivity have begun to

focus on targeting the molecules and processes that regulate cellular

radioresponse. A molecular target that has begun to receive considerable

attention is histone acetylation. Histone acetylation plays a role in

regulating chromatin structure and gene expression—two parameters that

have long been considered determinants of radioresponse. As a means of

modifying histone acetylation status, considerable effort has been put into

the development of inhibitors of HDAC activity. This has led to the

generation of a relatively large number of structurally diverse compounds

that can inhibit HDAC activity resulting in histone hyperacetylation.

Many of the newer HDAC inhibitor compounds have been designed with

better bioavailability or pharmacology than the first-generation

compounds. Whereas a number of these second-generation HDAC

inhibitors have antitumor activity in preclinical cancer models when

delivered as single agents, early clinical data demonstrate only cytostasis

when used as monotherapy. However, recent preclinical studies have

indicated that HDAC inhibitors from structurally diverse classes can

enhance both the in vitro and in vivo radiosensitivity of human tumor cell

lines generated from a spectrum of solid tumors. HDAC inhibitors are in

clinical trials as single modalities, in combination with chemotherapeutic

agents, and recently, in combination with radiotherapy (Camphausen, &

Tofilon, 2007).

PCI-24781 is a novel broad spectrum histone deacetylase inhibitor that is

currently in phase I clinical trials. The ability of PCI-24781 to act as a

radiation sensitizer and the mechanisms of radiosensitization were

examined. It was found that PCI-24781 treatment increased histone H3

acetylation and produced a modest increase in H2AX but negligible cell
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killing or radiosensitization. The applied treatment resulted in up to 80%

cell kill and depletion of cells in S phase. Toxicity reached maximum

levels at a drug concentration of 1 µmol/L, and cells in G1 phase at the

end of treatment were preferentially spared. PCI-24781 pretreatment

increased the fraction of cells with H2AX foci 24 h after irradiation but

did not affect the initial rate of loss of radiation-induced H2AX or the

rate of rejoining of DNA double-strand breaks (Banuelos et al.2007).

In breast cancer, radiation has a central role in the treatment of brain

metastasis, although tumor sensitivity might be limited. The tumor cell

defense response to ionizing radiation involves activation of cell cycle

checkpoint signaling. Histone deacetylase (HDAC) inhibitors, agents that

cause hyperacetylation of histone proteins and thereby aberrations in the

chromatin structure, may also override the DNA damage defense

response and facilitate the radiation-induced mitotic cell death. In

experimental metastasis models, the human breast carcinoma cell line

MA-11 invariably disseminates to the central nervous system. They

compared profiles of in vitro MA-11 cell cycle response to ionizing

radiation and HDAC inhibition. After radiation exposure, the G2-M phase

accumulation and the preceding repression of the G2 phase regulatory

factors Polo-like kinase-1 and cyclin B1 required intact G2 checkpoint

signaling through the checkpoint kinase CHK1, whereas the similar

phenotypic changes observed with HDAC inhibition did not. MA-11 cells

did not show radiation-induced expression of the G1 cell cycle inhibitor

p21, indicative of a defective G1 checkpoint and consistent with a point

mutation detected in the tumor suppressor TP53 gene. Increase in the p21

level, however, was observed with HDAC inhibition. Following

pretreatment with the HDAC inhibitor, the efficiency of clonogenic
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regrowth after irradiation was reduced, which is in accordance with the

concept of increased probability of mitotic cell death when the chromatin

structure is disrupted. Among molecular cell cycle–targeted drugs

currently in the pipeline for testing in early-phase clinical trials, HDAC

inhibitors may have therapeutic potential as radiosensitizers (Nome et

al.2005).

Radiotherapy is an effective treatment for head and neck, skin,

anogenital, and breast cancers. However, radiation-induced skin

morbidity limits the therapeutic benefits. A low-toxicity approach to

selectively reduce skin morbidity without compromising tumor killing by

radiotherapy is needed. It was reported that the antitumor agents such as

histone deacetylase (HDAC) inhibitors (phenylbutyrate, trichostatin A,

and valproic acid) could suppress cutaneous radiation syndrome. The

effects of HDAC inhibitors in promoting the healing of wounds caused

by radiation and in decreasing later skin fibrosis and tumorigenesis were

correlated with suppression of the aberrant expression of radiation-

induced transforming growth factor ß and tumor necrosis factor . These

findings implicate that the inhibition of HDAC may provide a novel

strategy to increase the therapeutic gain in cancer radiotherapy by not

only inhibiting tumor growth but also protecting normal tissues (Chung

et al.2004).

Valproic acid (VA) has recently been shown to inhibit histone

deacetylase (HDAC). Because HDAC modulates chromatin structure and

gene expression, parameters considered to influence radioresponse, the

efficacy of VA on the radiosensitivity of human brain tumor cells grown

in vitro and in vivo was investigated. Histone hyperacetylation served as
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an indicator of HDAC inhibition. Irradiation at the time of maximum

VA-induced histone hyperacetylation resulted in significant increases in

the radiosensitivity. The radiosensitization was accompanied by a

prolonged expression of H2AX. VA administration to mice resulted in

a clearly detectable level of histone hyperacetylation. Irradiation of U251

tumors in mice treated with VA resulted in an increase in radiation-

induced tumor growth delay. Valproic acid enhanced the radiosensitivity

in vitro and in vivo, which correlated with the induction of histone

hyperacetylation. Moreover, the VA-mediated increase in radiation-

induced cell killing seemed to involve the inhibition of DNA DSB repair

(Cerna et al.2006 &Camphausen et al.2004).

In addition to their intrinsic anticancer properties, numerous studies have

demonstrated that HDAC inhibitors can modulate cellular responses to

other cytotoxic modalities including ionizing radiation, ultraviolet

radiation and chemotherapeutic drugs. Hence, there is a growing interest

in potential clinical use of HDAC inhibitors in combination with

conventional cancer therapies. The interaction of HDAC inhibitors with

other anticancer agents is discussed. The focus of on the different

mechanisms by which HDAC inhibitors enhance the sensitivity of cells

to the effects of ionizing radiation was stressed (Karagiannis & El-Osta,

2006).

The ability of HDAC inhibitors to radiosensitize human melanoma cells

in vitro has been evaluated. A panel of HDAC inhibitors were tested for

their ability to radiosensitize human melanoma cell lines NaB induced

hyperacetylation of histone H4 in the two melanoma cell lines and the

normal human fibroblasts. NaB radiosensitized both the two types of
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melanoma cell lines, substantially reducing the surviving fraction at 2 Gy

(SF2), whereas it had no effect on the normal human fibroblasts. The

other HDAC inhibitors, phenylbutyrate, tributyrin, and trichostatin A had

significant radiosensitizing effects on both melanoma cell lines tested,

and also examined gamma-H2AX phosphorylation as a marker of

radiation response ,the results indicated that gamma-H2AX foci persisted

long after ionizing exposure in the NaB-treated cells. The authors

concluded that HDAC inhibitors radiosensitize human tumor cells by

affecting their ability to repair the DNA damage induced by ionizing

radiation and that gamma-H2AX phosphorylation can be (Munshi et al.

2005).

Gamma-H2AX phosphorylation as a predictive marker of radiotherapy

response to Vorinostat was also examined and observed that the

combination of Vorinostat and radiation caused a prolongation of

expression of DNA repair proteins such as gamma-H2AX. Overall, the

authors concluded that Vorinostat enhances tumor radioresponse by

multiple mechanisms that may involve antiproliferative growth inhibition

and effects on DNA repair after exposure to radiation (Munshi et al.

2006).

Harikrishnan et al.(2008) elucidated that the radiosensitizing effect is

correlated with valproic acid-mediated histone hyperacetylation,

chromatin decondensation and enhanced formation of radiation-induced

gammaH2AX preferentially on euchromatic alleles. The findings imply

that histone-modification independent mechanisms also contribute to the

radiation sensitizing properties of valproic acid.
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Materials and Methods
1. Materials

In Vitro Study:

Tumour models:

Ehrlich ascites carcinoma cell (Mouse Tumour)

A line of Ehrlich ascites carcinoma (EAC) has been used

throughout this work. The parent line was supplied through the courtesy

of Dr. G. klien, Amsterdam, Holland. The tumour line was maintained in

female Swiss albino mice by intraperitoneal injection of (2.5 X 106 per

ml) cells. The tumour was characterized by a moderately rapid growth

which killed the mice in about twenty days due to the accumulation of

ascites showing distal metastasis or spontaneous regression .EAC is of

mammary origin. A spontaneous breast cancer was served as the original

tumour from which an ascites variant was obtained.

Human tumour cell lines:
Three human carcinoma cell lines were used in this study which

were U251 (brain carcinoma cell line), H460 (Lung carcinoma cell line),

Hepg2 (Liver carcinoma cell line).They were obtained, frozen in liquid

nitrogen (-1800C) from the American Type Culture Collection. The

tumour cell lines were maintained by serial sub-culturing at the National

Cancer Institute, Cairo, Egypt.

Chemicals and reagents:
Chemicals: Four newly synthesized pyrimido- quinoline chemical

compounds with a sulfonamide moiety. The compounds were prepared
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and provided by Prof. Dr. M.M Ghorab; Prof. of applied organic

chemistry, Head of Drug Radiation Research Department, National

Centre for Radiation Research and technology (NCRRT), Atomic Energy

Authority. Cairo, Egypt. They have the following chemical structures:

N

O
CN

NH2

NO2

SO2NH2
(6j)

M. wt.= 493

N

O
CN

NH2

SO2NH2
(6e)

M. wt.= 478

OCH3

N

O
CN

NH2

Cl

SO2NH2
(6k)

M. wt.= 517

Cl

N

O

SO2NH2

(19)

M. wt.= 583

N
H

N

NH

S

4-[2-Amino-3-cyano-7,7-dimethyl-4-(4-nitro-phenyl)-
5-oxo-5,6,7,8-tetrahydro-4H-quinolin-1-yl]-

benzenesulfonamide

4-[2-Amino-3-cyano-4-(2-methoxy-phenyl)-7,7-dimethyl-
5-oxo-5,6,7,8-tetrahydro-4H-quinolin-1-yl]-

benzenesulfonamide

4-[2-Amino-3-cyano-4-(2,4-dichloro-phenyl)-7,7-dimethyl-
5-oxo-5,6,7,8-tetrahydro-4H-quinolin-1-yl]-

benzenesulfonamide

4-(4-Imino-8,8-dimethyl-6-oxo-3,5-diphenyl-2-thioxo-
1,3,4,5,6,7,8,9-octahydro-2H-
pyrimido[4,5-b]quinolin-10-yl)-

benzenesulfonamide

RPMI1640 (Roswell park memorial institute) medium with L-glutamine

(Cambrex, Belgium) , Fetal bovine serum (Sigma, Germany), penicillin

and streptomycin (Euroclone, Europe), Dimethyl  thiazolyl diphenyl

tetrazolium bromide (MTT) dye (American Type Culture Collection

(ATCC)) and dimethyl  sulfoxide  (DMSO) (Sigma, USA).

Gamma-irradiation source:
Gamma irradiation facility was delivered through the National

Center for Radiation Research and Technology (NCRRT), Cairo, Egypt.

Whole body gamma irradiation of animals was performed using Gamma
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cell-40(Caesium-137 source).All experimental animals have been

conducted by NCRRT.

II.Methods:
The antitumor activities of the novel synthesized compounds

under investigation against Ehrlich Asites Carcinoma cells were assessed

in-vitro.

Preparation of the tested compounds:

Each compound was prepared by dissolving 10µmol of each

compound in a mixture of 7ml dimethyl sulfoxide (DMSO) and 3ml

saline.

Cell viability assay

Trypan blue exclusion test:

To assess the antitumor effect of the used chemical compounds

against E AC cells, the trypan blue exclusion test was used according to

the method demonstrated by (Gupta, et al. 2004).

Principle of the method:

The dye exclusion test is used to determine the number of viable cells

present in cell suspension. It is based on the principle that, the alive cells

process intact cell membranes that exclude certain dyes such as trypan

blue, eosin, or propidium,whereas dead cells don’t.

In this test, a cell suspension is simply mixed with dye and then visually

examined to determine whether cells take up or exclude dye, according to

this, a viable cell will have a clear cytoplasm whereas a non viable cell

will have blue cytoplasm.
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Materials:

Ehrlish Ascite Carcinoma cells were obtained by needle aspiration of

ascetic fluid from the preinoculated mice under aseptic condtions.Tumor

cells suspension (2.5x106 /ml) was prepared in saline solution.

0.04% trypan blue (stored in dark bottle and filtered after prolonged

storage)

Procedure:

1-The in vitro study was accomplished by mixing in a set of sterile test

tubes 0.1 mL of tumor cells suspension, 0.8 mL normal media (RBMI-

1640) and 0.1 mL of the tested compounds with concentrations of 0,

0.05, 0.075, 0.1and 0.125 µM/mL of each tested compound.

2-The test tubes were incubated at 370c for 2 hours and centrifuged.

3-The cells were separated by the aspiration of supernatant, and stained

with trypan blue, where 50µl of 0.04% trypan blue solution was added to

50µl of the single cell suspension.

4- One part of trypan blue was mixed with one part of cell suspension; the

mixture was allowed to incubate about 3 minutes at room temperature.

5-One drop of the trypan blue / cell mixture was put on a hemocytometer,

and the hemocytometer was placed on the stage of the binuclear

microscope with focusing on the cells.

6-The viable cells (unstained) and the nonviable cells (stained) were

counted separately in the hemocytometer to obtain the total number of

viable cells per ml of the aliquot.

7-The percentage of viable cells were calculated as follows:

   Viable cells (%) = total number of viable cells per ml aliquot / total

number of cells per ml aliquot * 100.
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The more potent compound according to Trypan blue exclusion method

will be used in the further investigation using the MTT test against

human cell lines.

MTT cell viability assay and Antitumor activity of the tested
compounds against human tumor cell lines

Principle:

The MTT Cell Proliferation Assay is a colorimetric assay system

which measures the reduction of a tetrazolium component (MTT) into an

insoluble formazan product by the mitochondria of viable cells. After

incubation of the cells with the MTT reagent for approximately 2 to 4

hours, a detergent solution was added to lyse the cells and solubilized the

colored crystals. The samples were evaluated using an ELISA plate reader

at a wavelength of 570 nm. The amount of color produced was directly

proportional to the number of viable cells (Freimoser, et.al., 1999).

To assess the viability of human cell lines cells, the 3-(4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) assay was

performed. The cells were plated at a density of 5x103 cells/well in 96-well

micro titer plates (Corning Glass Works, Corning, NY) and each plate was

incubated for 24 h at 37°C in 5% CO2 and humidity atmosphere.

The yellow tetrazolium MTT (3-(4, 5-dimethyl thiazolyl-2)-2, 5-

diphenyltetrazolium bromide) is reduced by metabolically active cells, in

part by the action of dehydrogenase enzymes, to generate reducing

equivalents such as NADH and NADPH. The resulting intracellular

purple formazan can be solubilized and quantified by spectrophotometric

means.

Procedures:

Antitumor activity of the most effective compound under investigation

was examined against human tumor cell lines. Three human carcinoma
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cell lines were used in this study, which were lung carcinoma cell line

(H460), brain carcinoma cell line (U251) and liver carcinoma cell line

(HepG2). They were obtained frozen in liquid nitrogen (-180oC) from

the American Type Culture Collection (ATCC).

Procedure:

1. Cells were used when 90% confluence was reached in T25

flasks. Adherent cells were harvested with 0.025% trypsin.

Viability was determined by trypan blue exclusion using

inverted microscope.

2. Cells were seeded in 96-well plate (104cells/well) in fresh

medium and left 24 hours, at 370C and 5% CO2 and humidity

atmosphere, to attach to the wall of the plate.

3. After 24 hours, cells were incubated with different

concentration of the tested compounds ranged from 0.1, 2.5,

5, 10, 20, 50, 100 and 250 µM were completed to total 200μl

volume/well using fresh medium and incubation was

continued for 48 hours. Control cells were treated with

vehicle alone. Triplicate wells were prepared for each

individual dose.

4. After 48 hours, the cells were fixed with 50% trichloro acetic

acid for 1 hour at 40C.

 250μl of MTT dye was added over the cells in each well and

the plate was incubated in dark for 2-4 hours until purple

precipitate was seen.500μl of solubilizing solution (23ml

isopropanol + 2ml 1N HCl) were added and the plate were left

at room temperature in the dark for 2 hours.
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 Negative control (250μl MTT dye + 500μl solubilizing

solution) was made for blank.

 The absorbance was recorded at 570nm.

Viable cell %= (A samples – A blank) / (A control – A blank) x 100

In-vivo studies

Animals:

In this work, female Swiss albino mice weighing 25-30 g were obtained

from the breeding unit of the NCRRT). The animals were housed (10

animals/cage) and maintained under proper environmental conditions i.e.,

controlled air, temperature and relative humidity .They were provided

with pelleted diet and free access to water.

II.2-Experimental design:

Animals were randomly divided into 9 groups (10 mice each)

according to the following design:

Group (1): Animals were served as control without any treatment.

Group (2): Animals of this group injected i.p with vehicle (DMSO).

Group (3): Animals of this group received a chemical treatment of

chemical compound under investigation (PIQSA).A solution of the

compound was made immediately before each treatment and injected i.p

at a dose of 3.5 mg/kg b.wt three times∕ week.

Group (4): Animals of this group were subjected to total gamma

irradiation at a dose level of 6Gy divided into three fractionated doses (2

grays in each) with a dose rate of 0.85G/min, for one week.

Group (5): Animals of this group received combined treatment

modalities, firstly, animals received chemical treatment modality with
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(PIQSA) as in group3, then they were subjected to whole body gamma

irradiation as in group 4.

Group (6 ): Animals bearing Ehrlich solid tumor (EST). Animals were

injected in the left thigh with.5 x 10 6 cells /mouse.

Group (7): Animals were injected with ESC cells as in group 6. They

left till the tumor was grown reached 1-1.5mm in diameter. This was

attained within 10 days. Then they received chemical treatment as in

group 3

Group (8): Animals were injected with solid tumor as in group (6);

tumor was left to grow. Then they were subjected to total gamma

irradiation as in group 4 at the last week of the experimental period.

Group (9): Animals bearing tumor were subjected to combined

treatment modalities of the chemical compound as in group 7 and γ-

irradiation treatment as in group 8.

Preparation of tested compound PIQSA to in vivo study:

The present compound freshly prepared by dissolving in DMSO/saline

and injected ip at a dose of 3.5mg/kg b wt three times /week for three

weeks.

Determination of acute toxicity and LD50:
Thirty animals were used in this experiment, divided into six groups (five

animals per group). The drug (PIQSA was dissolved in DMSO/saline,

and injected ip to the six groups of experimental animals (single dose of

1.6, 1.2, 0.8, o.6, 0.3, 0. 15 mg/kg body weight). Mortality induced due to

the toxicity of the drug was noted in each group during the experimental

observation period. The lethal dose (LD100), the median lethal dose

(LD50), and the highest non toxic dose (LD0), were thus determined

following the method of Mark, et al. (1979).
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Tumor volume determination:
Animals in each chemotherapy trial were checked daily, and checked for

any adverse clinical symptoms and deaths recorded. During the

experimental treatment using the chosen compound, mice were weighed

two times/weak. After 10 days post inoculation with EAC, tumor volume

was measured twice using calipers and determined by applying the

following equation (Nagle et al., 2004):

Tumor volume (mm3) = 4/3 Π (1/2 smaller diameter) 2 (1/2 larger

diameter).

Blood, Tissue sampling and plasma preparation:
           At the end of the study time, all animals were anaesthised using

ether, blood samples were collected through cardiac puncture.

Blood samples transferred to heparinized tubes, allow standing for 15

minutes to clot at room temperature, then centrifuged at 3500 r.p.m. for

15 minutes using Heraeus Sepatech centrifuge (Labofuge 200). The

plasma was collected and kept at -20 0 C till time of investigations.

Liver immediately was dissected, dipped in saline and kept in deep

freezer at -600c.Also the tumors were dissected and kept in 10% formalin

for histopathological and histochemical examination.

Investigations carried out on plasma were liver enzymes including

aspartate aminotransferase (AST), alanine aminotransferase (ALT), and

(GT), and kidney metabolites including urea and creatinine, lipid profile

including total lipids, total cholesterol, triglycerides (TG), high density

lipoprotein (HDL), and low density lipoprotein (LDL).
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Biochemical assays were carried out on fresh (10 %) liver homogenate –

in bidistilled water including glutathione (GSH), lipid peroxide (LPx),

catalase (CAT) and super oxide dismutase (SOD) activity.

Biochemical investigation of HDAC activity and DNA fragmentation

were measured in 50% tumor homogenate.

Colorimetric histone deacetylase (HDAC)Activity Assay :

The Kit provided from Biovision, the Catalog#k331-100; 100 assays.

The kit was stored at -200c.

Colorimetric (HDAC) extraction and activity assay:

HDAC extraction was carried out according to (Baidyaroy, et al

2002).

Crude HDAC preparations were made from 0.5 g of lyophilized mycelial

mats ground in liquid nitrogen and mixed thoroughly with 4 ml of buffer

by gentle vortexing. The buffer contained 15 mM Tris (pH 7.3), 10 mM

NaCl, 0.25 mM EDTA, 10% (vol/vol) glycerol, 1 mM 2-

mercaptoethanol, and a mixture of protease inhibitors (Complete Mini;

Roche, Mannheim, Germany) at a concentration of one tablet per 30 ml

of buffer. The samples were centrifuged at 8,000 x g for 10 min, and 3 ml

of the supernatant was desalted by passage through a prepacked gel

filtration column (Econo-PacI0 DG; Bio-Rad, Hercules, Calif.). The final

volume of each crude extract was 4 ml. Assays of crude extracts

contained 50 µl of enzyme, 5 µl of [3H] acetate-prelabelled chicken

reticulocyte histones (final concentration, 11 µM), and 5 µl of inhibitor or

water (Brosch et.al. 2001). At the end of incubation assay (21°C), 35 µl

of 1 N HCl was added, and the released [3H] acetate was extracted twice

with ethyl acetate. The first extraction involved adding 0.8 ml of ethyl

acetate, vortexing and briefly centrifuging the mixture, and removing 0.6

ml of the upper phase. The samples were then ree-xtracted by adding 0.6
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ml of ethyl acetate and removing 0.7 ml of the upper phase. The two

ethyl acetate extracts were combined and counted in 5 ml of aqueous

liquid scintillation cocktail.

HDAC activity was determined according to (Strahl and Allis, 2000)

using the new colorimetric HDAC activity Assay kit provides a fast and

convenient colorimetric method that requires only two easy steps, both

performed on the same micro titer plate. First, the histone colorimetric

substrate, which comprises an acetylated lysine side chain, is incubated

with a sample containing HDAC activity (HeLa nuclear or other extract,

purified enzyme, bead-bound Immunocomplex, etc.). Deacetylation of

the substrate sensitizes the substrate so that, in the second step, treatment

with the Lysine Developer causes an increase in yellow intensity and

absorption at 405 nm.

Kit contents:
Components K331-100

100

assays

Color

C0de

Cap Color

Part

Number

HDACsubstrate[Boc-Lys(ac)-pNA,10mM 500µl Amber K331-100-1

10x HDAC Assay buffer 1.0ml Green K331-100-2

Lysine Developer 1.0ml Orange K331-100-3

HDAC inhibitor  (Trichostatin-A,1mM) 10 µl Blue K331-100-4

HeLa Nuclear also Extract(5mg/ml) 50 µl Red K331-100-5

HeLa Nuclear also Extract(5mg/ml) 50 µl Red K331-100-5

Deacetylated  Standard (Boc-Lys

PNA,10mM)

20µl Yellow K331-100-6
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Assay protocol:

1-The test samples were diluted (50-200µg of nuclear extract or cell

lysate) to 85µl(final volume)of ddH2O in each well(for bach ground

reading add 85µl ddH2O only).For positive control, dilute 10µl of HeLa

nuclear extract with 75µl ddH2O,For negative control, dilute the tested

sample into 83µl of ddH2O and then add 2µl of trichostatin,or use a

known sample containing no HDAC activity.

2-10µl of the 10X HDAC Assay Buffer was added to each well.

3- 5µl of the HDAC colorimetric substrate was added to each well, and

then mixed thoroughly.

4-Plates were incubated at 370C for 1 hour (or longer if desired).

5-The reaction was stopped by adding 10µ of Lysine Developer and then

mixed well. The plate was incubated at370C for 30 min.

6-The sample was red in an ELISA plate reader at 400 or 4005 nm.Signal

is stable for several hours at room temperature.

HDAC activity was expressed as the relative O.D value per µg protein

sample.

Standard Curve for HDAC enzyme was carried out as test but with

different concentration of standard enzyme.
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R 2 = 0.9989
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(Fig.1) Standard Curve for HDAC enzyme

DNA fragmentation Assay:

A characteristic event in apoptosis is DNA fragmentation and

release of nucleosomes into the cytoplasm. These can be detected by an

ELISA assay that is quite sensitive and specific for apoptosis relative to

necrosis (Salgame et al., 1997). The absorbance was determined using

ELISA microplate reader at 600 nm.

Measurement of DNA fragmentation with diphenylamine (DPA)

colorimetric assay is preferentially used to evaluate late apoptosis. DNA

fragmentation is very typical of the late apoptotic process (physiological

cell death), with generation within the nucleus of a series of multipelets

of a 180 bp subunit, through the action of a Ca++/Mg++-dependent

endonuclease which cleaves DNA in the link region between nucleosome

cores. Fragmented double-stranded DNA can be separated from

chromosomic DNA upon centrifugal sedimentation, precipitation,

hydrolysis and colorimetrical quantitation upon staining with DPA,

which binds to deoxyribose.

The % of DNA fragmented = ODsupernatant / (ODpellet+ODsupernatant).
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Histochemical Detection of Apoptosis:
Apoptosis was quantitated by visualizing distinctive nuclear and

cytoplasmic fluorescence, chromatin condensation and formation of

multiple apoptotic bodies following staining of cells with acridine orange

and ethidium bromide depending on Fluorescence Imaging followed

method of Mishell, et al. (1980). In brief, Acridine Orange (AO) and

ethidium bromide (EB) staining for tissue sections was applied after

brought the tissue section was deparaffinized in graded xylene and

alcohol as conventional histological techniques, and bring the section to

water. 100 µl of dye mix per section were added [Dye mix (AO-1mg/ml

and EB-1mg/ml), PBS], the section was covered with cover slip and

incubated at room temperature for 10 min,then  examined under

fluorescence microscope. Sections were examined ((magnification,

100x). using Fluorescence microscopy was performed on a Nikon

microscope, and images were captured using a digital camera (Optronics)

using Optronics MagFire and Image-Pro Plus software.

Flow cytometric  Cell cycle analysis:

 The method was carried out according to that of Choi et al. (1998)

Principle:

      Cell cycle analysis involves dissolving the cell membrane lipid with a

unique lysing and permeabilizing non ionic detergent. In addition, it

employs the use of propidium iodide for DNA staining. Propidium iodide

stoichiometrically intercalates to the double stranded DNA, thus can be

used as a DNA specific cytochemical probe for intact cells and isolated

nuclei. It does not penetrate the membranes of living cells. DNA

preparation lysining and permeabilizing buffer permeabilizes cellular
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membranes, rendering nuclear and cytoplasmic components accessible

for intracellular staining with propidium iodide.

    Upon running on a flowcytometer, the stained nuclei emit fluorescent

light, which is analyzed by the MoFlo flow cytometer (MoFlo,

DakoCytomation, Denmark). Propidium iodide has an excitation

spectrum of approximately 300-380nm. When measured flowcytometry,

the intensity of integrated red fluorescence is directly proportional to the

amount of DNA bound by the dye.

Chemicals:
Sigma-Aldrich Chemie Co., INC., St. Louis, MO, USA. Is the

source of the following chemicals, reagents and buffer used for the

processing of this assay:

    Ethanol: it was used in a concentration of 70% for fixing

process.

 Phosphate buffer saline (PBS): it was combined 8  gm sodium

chloride (NaCl), 0.2 gm potassium chloride (KCl), 1.44 sodium

dibasic phosphate (Na2HPo4), 0.24  gm potassium dihydrogen

phosphate (KH2Po4) in 900 ml distilled water. Adjusted PH to 7.4

with 1M HCl, and was added water to a final volume of 1L. Aliquot,

and was sterilized by autoclaving. It was stored at room temperature.

    Propidium iodide (PI): a DNA-binding flurochrome was used to

stain the sample by binding to the DNA.

 Triton X-100:  it was used in a concentration of 0.1% in PBS for

lysining and permeabilizing buffer permeabilizes cellular membranes,
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rendering nuclear and cytoplasmic components accessible for

intracellular staining with propidium iodide.

  NurFűr Labor Zwecke gepruft, Carl Roth ; GmbH-Co. Karlsruhe.

Is the source of the following reagent used for the processing of the

assay:

 Ribonuclease A (RNase A): it was used in a concentration of 0.2

mg/ml to prevent staining of double stranded RNA.

Procedure:

preparation of tissue before staining:

1-a:Tissue stored in saline over night at 40c, ESC cells (5x105 cells/well)

and were minced in saline or PBS using nylon mish, the cell suspension

was put in a round bottom tube then spin-down at 1800rpm for 10 min.

   b-The supernatant was discarded, and the pellets were shacked gently

by hand, then the absolute alcohol was added (1ml) drop by drop (cold in

ice at -40c up to -80c) with shaking the pellet. All the tubes were covered

and stored at -40c until staining.

2- The collected cells were washed two times with PBS, re-suspended in

300µl of PBS, and fixed with 4 ml of ice-cold 70% ethanol.

3-In the stage of staining with propidium iodide (PI), cells were

centrifuged; the ethanol was removed and washed once in PBS.

4- The cell pellets were then re-suspended in 1ml of PI / Triton X-100

staining solution (0.1% Triton X-100 in PBS, 0.2 mg/ml RNase A, and

10 mg/ml PI) and incubated for 30 min at room temperature.

5- The stained cells were analyzed using a MoFlo flow cytometer

(MoFlo, DakoCytomation.
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Determination of lipid peroxidation level

Lipid peroxidation is measured colorimetrically in 10% liver

homogenate as described by Yoshioka et al. (1979).

Principle

This method is based on measurement of Malondialdhyde (MDA)

as one of the main end products of lipid peroxidation by thiobarbituric

acid test.

Reagent concentration

1- Trichloroacetic acid (TCA) 20%

2- Thiobarbituric acid (TBA) 0.67%

3- n-butanol                                                         (Analar)

4- 1,1,3,3-tetra-ethoxypropane                            (Analar)

Procedure

1- Sample and reagents were added to dry test tubes as follows:

Blank Sample

Sample _____ 0.2ml

Bi-distilled water 0.2ml _____

TCA 1ml 1ml

TBA 0.4ml 0.4ml

2- Tubes were vigorously shaken, put in boiling water bath for 30

minutes and then rapidly cooled.

3- 1.6 ml n-butanol was added to both blank and samples then shaken

very well till pink color was transferred to alcoholic layer completely.

4-The mixture was centrifuged at 3000 r.p.m for 10 minutes.
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5-The alcoholic layer that contains Malondialdhyde (MDA) was taken

into separate tube and its color intensity was spectrophotometrically

detected at 535 nm.

The standard used in this assay was 10μmol of 1,1,3, 3-tetra-

ethoxypropane.

Calculation

Lipid peroxidation content (malondialdehyde) =

 (A test /A standard) x concentration of standard x dilution factor

 = A test x 666.6 mM/g. wet tissue.

Determination of glutathione content (GSH reduced form)

Glutathione was measured in 10% liver homogenate according to the

colorimetric method of Beutler et al., (1963).

Principle

This method is based on spectrophotometric measurement of the yellow

color of 2-nitro-5-thiobenzoic acid which was produced as one product of

this reaction:

Glutathione + 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) 2-

nitro-5-thiobenzoic acid + glutathione disulfide (GSSG).

Reagents

 Precipitating solution was prepared as follows:

1. Ethylene diamine tetra acetic acid (EDTA) (Sigma) 0.2%

2. Glacial metaphosphoric acid (Sigma) 1.67%

3. Sodium chloride (NaCl) 30%

4. Dist. H2O up to 100 ml

Phosphate buffer (0.3M Na2HPO4) PH 7
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 DTNB (freshly dissolved in 1% sodium citrate) (Sigma)

0.04%

Procedure

1- In clean dry test tubes, the following were added, shaken well and

then centrifuged at 2000 r.p.m for 10 minutes.

Homogenate samples 0.5 ml

Dist. water 0.5 ml

Precipitating solution 1.5 ml

2- In another tubes 1 ml of clear supernatant was transferred, 4 ml of

phosphate buffer was added then 0.5 ml of DTNB was applied just

before reading.

3- Blank was prepared as follows:

Phosphate buffer 4 ml

Precipitating solution 0.6 ml

Dist. water 0.4 ml

DTNB 0.5 ml

4- The formed yellow color was measured against blank at λ 412 nm .

Calculation

GSH content was calculated as mg/g wet tissue according to the

following equation:

GSH content = A sample x 168.23
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Determination of superoxide dismutase activity (SOD)

SOD activity is measured in 10% tissue homogenate according to

the method of Minami & Yoshikawa, (1979).

Principle

Superoxide dismutase (SOD) catalyzes the dismutation of the

superoxide radical (O2
-) into hydrogen peroxide (H2O2) and elemental

oxygen (O2).

      O2
-  + 2H                        H2O2   +   O2

Superoxide ions, generated from auto-oxidation of pyrogallol,

convert the nitro blue tetrazolium chloride (NBT) to NBT-diformazan

which absorbs light at 550 nm.

SOD reduces the superoxide ion concentration thereby lowering

the rate of NBT-diformazan formation. The extent of reduction in the

appearance of NBT-diformazan is a measure of SOD activity present in

samples.

Reagents

 NaCl solution 0.9%

 (Ethanol : Chloroform) mixture (2 : 1, v/v)

 Tris cacodylic buffer: prepared by dissolving 1g. sod.cacodylic acid

(Sigma) and 0.1 g diethylene triamine penta acetic acid ( DPTA )

(Sigma) in 100 ml dist. water then, PH was adjusted to 8.2 using tris

hydroxy methyl pentane

 Triton X-100 16 %

 NBT 0.98 mmol/L

 Pyrogallol  solution:                                                       (0.9 mmol)

SOD
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(a) The stock solution:

      Pyrogallol powder 11.3 mg was dissolved in 10ml 1M HCl and

stored at 4oC until use. The stock was stable for at least 3 months.

(b) The working solution:

     The working solution was prepared freshly before use by diluting

1 ml of stock solution with 9 ml of dist. water.

 Stopper solution:

         Contain 2 M formic acid dissolved in 16% triton X-100

Procedure

1. In covered polyethylene tubes, the following reagents were applied to

the samples:

Tissue homogenate Blank

Sample 0.1 ml _____

NaCl solution 0.4 ml _____

Dist. water _____ 0.5 ml

Ethanol, Chloroform 0.75 ml 0.75 ml

2. Mixture was vigorously mixed then, centrifuged at 10000 r.p.m at 40C

for 60 minutes.

3. The clear supernatant was transferred to another test tubes then, the

following reagents were added,

Supernatant 0.25 ml 0.25 ml

Cacodylic buffer 0.5 ml 0.5 ml

Triton 0.1 ml 0.1 ml

NBT 0.1 ml 0.1 ml



102

                  The mixture was then incubated at 370C for 5 minutes.

4. 0.01 ml pyrogallol was applied and left 5 minutes then 0.3 ml stopper

solution was added.

5. Absorbance of both sample and blank were measured against buffer at

λ 540 nm.

Calculation

SOD activity (U /ml of reaction mixture) = (A blank -A sample)/ 0.5Ablank

One unit (50% inhibitory level of the enzyme) corresponds to 7.47

µg/ml of reaction mixture of SOD.

Determination of catalase activity

Catalase activity was measured in plasma and 10% liver

homogenate according to the colorimetric method of Johansson & Borg,

(1988).

Principle

The peroxidation function of catalase is used for determination of

the enzyme activity. The method was based on the reaction of the

enzyme with methanol in the presence of an optimal concentration of

hydrogen peroxide. The formaldehyde produced was measured

spectrophotometrically with 4-amino-3-hydrazino-5-mercapto-1,2,4-

triazole (Purpald) as a chromogen.

Reagents

 Purified catalase (EC 1.11) from bovine liver (Sigma)
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 KH2PO4 . NaOH buffer                                            PH 7

 Absolute methanol 100% (W/V)

 H2O2 0.27%

 KOH 7.8M

 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (purpald)

(Aldrich) 34.2 mmol

 Potassium periodate 65.2 mmol

Procedure

1- Plasma and homogenate were diluted (1:100) and (1:1000),

respectively with bidistilled water.

2- samples and reagents were mixed in dry test tubes as follows:

3-The mixture was incubated at 200C with shaking for 20

minutes ,then KOH and purpald were added ,

KOH 0.2ml

Purpald 0.4ml

4. The mixture was incubated in shaking water bath for 10 minutes at

200C.

Plasma or homogenate

Sample 0.4ml

Buffer 0.2ml

Methanol 0.2ml

H2O2 40ul
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5. 0.2ml potassium periodate was added then centrifuged at 5000 r.p.m

for 10 minutes.

6. The absorbance of samples was measured against buffer at λ 550 nm.

Preparation of standard curve:

Two standard curves were established, one for formaldehyde

concentration and the other for catalase activity.

Formaldehyde standard curve (a)

Standard samples were prepared to contain 26.6 – 133 uM formaldehyde

solutions in 25 mmol KH2PO4 . NaOH buffer (PH 7).

Catalase standard curve (b)

Standard for catalase activity was prepared using serial dilutions of 0.125

ug/ml purified catalase from bovine liver, with an activity of 2500

units/mg, dissolved in 25 mmol KH2PO4 . NaOH buffer (PH 7).

Catalase activity of samples was calculated using the two previous

standard curves. Formaldehyde concentration which corresponding to the

optical density was obtained from standard curve (a). The obtained

formaldehyde concentration which is corresponding to catalase activity

was obtained from standard curve (b).
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y = 0.0561x + 0.0235
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0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 5 10 15

O
p

t i
ca

l  
de

n
s

i t
y 

(n
m

)

Formaldhyde concentration (n mol)

Fig.2): Standard curve (a): Relation between optical density and
formaldehyde concentration.

y = 15.425x - 6.5931
R² = 0.9997

0

50

100

150

200

250

300

350

400

0 5 10 15 20 25

C
a

t a
l a

s
e

( u
g

)

Formaldehyde (n mol)

(Fig.2.b): Standard curve (b): Relation between formaldehyde concentration

and catalase activity.



106

Determination of plasma total lipid concentration.

The method was done according to the method of Knight, et al.

(1972) and based on that lipids are hydrolyzed in the presence of sulfuric

and phosphoric acids in addition to vanillin to form colored sulfo

phosphovanillin. The latter was measured spectrophotometrically

at520nm at room temperature (20-250c)

Reagents:

contents 50 tests

Reagent 1-standerd 5 ml

Reagent-2ABCReagent 20 ml

Reagent-3ColourReagent 2x25 ml

Instruction sheet 1

Procedure;

Additional     Standard        Sample

R1(diluted),was mixed

 strongly for one

minute

 before use

20µl ---------

Plasma ------- 200µl

concH2SO4 100µl 100µl

All test tubes were strongly mixed then were left at room temperature for

5 minutes followed by adding 3ml of R3 on standard and sample test

tubes.

All test tubes were mixed well, and then left for 5 minutes at room

temperature.
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Calculation:

Total lipid content (g/L) = Asample x10/ Astandered

Determination of Plasma cholesterol level:

Plasma cholesterol level has been determined according to the method of

Watson, (1960).

Principle:

Determination of Plasma cholesterol is a major aid in the diagnosis and

classification of lipaemias.  The technique depends on the following

reactions:

Cholesterol ------------------ Ester-------------Cholesterol+FA

Cholesterol + O2 ---------- oxidase-------------Cholestero-3-

one+H2O22 H2O2+4AminoAntipyrine+Phenol--------POD----

Quinoneimine+4H2O

The intensity of the color formed was found to be proportional to

cholesterol concentration and measured at 500nm.

.Reagents:

Reagent A: 100mmol/l Phosphate buffer PH 7.0.

10mmol/l Sodium collate

12mmol/l Sodium-4-hydroxy benzoate

Reagent B: 0.4mmol, 4-aminonitropyrine

                      CHE ≥ 130U/l

                       CHO ≥ 60U/l

POD ≥ 90U/l

Standared: Cholesterol standard 200mg/dl (5.2 mmol/l)
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Procedure:

Reagent blank Sample Standard

Distilled

water

    o.1ml ------ ----

Sample ------ 0.1ml -----

Standard ----- ------- 0.1ml

Chromogen

 solution

0.1ml 0.1ml 1.0ml

All tubes were incubated at 370C for 8 minutes.

Readings were taken at 546nm(520-560nm) against the reagent blank,

the absorbance of samples(Sa) and Slandered (Ast).Final color was stable

for at least 30 minutes.

Calculation:

Concentration of cholesterol (mg/dl) =A sample x n/A standard

N=Concentration of standard=200 mg%.

Determination of plasma Triglycerides:

It was estimated according to the method reported by Fossati, and

Principe (1982).The method for determination of plasma Triglyceridesis

based on the following reactions:

Triglycerides --------- lipase---------------------------Glycerol+ fatty acids

Glycerol+ATP-----------------GK---------------Glycerol-3-phosphate+ADP

Glycerol-3-phosphate +O2------GPO-----------Dihydroxyacetone-

phoshpate+ H2O2

H2O2    +4 aminoantipyrine--------POD-------Quinonimine + HCL +

4H2O2

(Violet indicator)
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The increase in optical density of the k is proportional to triglyceride

concentration in the samples. The obtained color was measured

spectrophotometrically at 546nm.

Reagents :

Reagent A:    GOOD buffer ph 7.5 5om mol/l.

                        APDF 1.2 m mol/l

Reagent B: ATP 1m mol/l

4 aminoantipyrine 0. 25mmol/l

                           GK ≥ 250U/l                    GPD ≥ 2oooU/l

                           LPL ≥ 1050U/l                  POD ≥ 2000U/l

Procedure:

Additional Reagent blank       Sample Standard

Distilled water     o.o1 ml        _____ -------

Sample ---------        o.o1ml ---------

Standard --------- --------- 0.01ml

Chromogen

solution

1.0ml 1.0ml 1.0ml

All tubes were incubated at 370c for 8 minutes.

Readings were recorded at 546nm (520-560nm) against the reagent

blank, the absorbance of samples (Sa) and Standard (Ast).Final color was

stable for at least 30 minutes.

Calculation:

Con.of triglycerides (mg/dl) = A sample ∕ A standard × 200
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Determination of plasma HDL-Cholesterol

Plasma HDL cholesterol was determined according to the method of

Warnik et.al.,(1983).

Low density lipoprotein (LDH) cholesterol and very low density

lipoprotein (VLDL) cholesterol fractions were precipitated from serum or

plasma by means of magnesium/chloride dextran sulphate reagent,

according to Finley (1978). High density lipoprotein (HDL) cholesterol is

then determined in the supernatant fluid, using a cholesterol reagent and

the derived dilution factor in the calculation, and measured at 500nm.

Reagents:

Magnesium chloride sulphate: 1185 mmol/L

Dextran sulphate (500.000 M.W):1.1 % W/V

Procedure:

Reagent

blank Standard

Samples

Reagent 1.0 1.0 1.0

Standard --------- 0.025 ----

-

Sample --------- ------- o.o25

All tubes were incubated at 37oC for 5 minutes or at room temperature

for 10 minutes.

The absorbance of slandered and samples against blank were measured at

500nm within 60 minutes.

Calculations:

Values are derived by the following equation:

HDL-Cholesterol (mg/dl)   =   (A sample  × STD ×F)/A standard
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Where Asample and Astandered are the absorbencies of unknown HDL and

slandered, respectively.

STD = 50 mg ∕ dl

F = 2

Assessment of plasma LDL-Cholesterol:

This method was estimated according to Bergmenyer, (1985). It is based

on the following principle: LDL-Cholesterol can be determined as the

difference between total cholesterol content of the supernatant after

precipitation of the LDL-fraction by polyvinyl sulphate (PVS) in the

presence of polyethylene glycol monomethylether.

Calculation:

LDL-Cholesterol  = Total cholesterol– TG ∕ 5 ─HDL cholesterol

Where TG   = Triglycerides

Estimation of aspartate aminotransferase (AST) activity

AST activity in plasma and/or liver homogenate was determined by a

colorimetric method as described by Reitman and Frankel, 1957 using a

diagnostic kit supplied by Plasmatek, (Germany):

Principle:

The enzyme AST catalyzes the following reaction:

L-aspartate + 2-oxoglutarate AST                oxalacetate + L-

glutamate

The formed oxalacetate reacts with 2, 4-dinitrophenylhydrazine to form

oxalacetate hydrazones, which are brown in alkaline medium. The

product is determined spectrophotometrically at λ 546 nm using 1 cm

light path cuvette.
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Reagent composition:

(A) Reagent (1) [Buffer-substrate]:

1-phosphate buffer, pH 7.4 100 mmol/L

2-L-aspartate 200 mmol/L

3-ά-oxoglutarate 2 mmol/L

(B) Reagent (2) [color reagent]:

2,4-dinitrophenylhydrazine (DNPH) 2 mmol/L

(C) Sodium hydroxide 4 mmol/L

1- Sample and reagent were added to dry test tubes as follows:

Sample Reagent

blank

Buffer-substrate 0.5 ml 0.5 ml

Sample 0.1 ml -

Distilled water ------ 0.1 ml

All tubes were mixed well and were incubated for exactly 30 minutes at

37o C.

2- 0.5 ml of Reagent (2) [DNPH] was added to each tube, mixed well,

and were left for exactly 20 minutes at 20-25 o C.

3- 5 ml of sodium hydroxide (0.4 mol /L) were added to each tube, mixed

well, and kept for 5 minutes.

4-The absorbance of samples against reagent blank were measured at λ

546 nm.

The activity of ALT in the 10 % liver homogenate was deduced from the

table given with the kit.



113

Estimation of alanine aminotransferase (ALT) activity :

ALT activity in plasma and/or liver homogenate was determined by a

colorimetric method as described by Reitman and Frankel, (1957)

using a diagnostic kit supplied by plasmatek (England).

Principle:

The enzyme ALT catalyzes the following reaction:

 L-alanine + 2-oxoglutarate ALT pyruvate + L-

glutamate

The formed pyruvate reacts with 2, 4-dinitrophenylhydrazine to

form pyruvate hydrazones, which are brown in alkaline medium. The

product is determined spectrophotometrically at λ 505 nm.

Reagent composition:

(A)Reagent (1) [Buffer-substrate]:

1- Phosphate buffer, pH 7.4 100 mmol/L

2-L-alanine 200 mmol/L

3-ά-oxoglutarate 2 mmol/L

(B) Reagent (2) [Color reagent]:

2.4-dinitrophenylhydrazine (DNPH) 2 mmol/L

(C) Sodium hydroxide 5 ml

Procedure:

1-Sample and reagent were added to dry test tubes as the following:

Sample Reagent blank

Buffer-substrate 0.5 ml 0.5 ml

Sample 0.1 ml -

Distilled water - 0.1 ml

 All tubes were mixed well and were incubated for exactly 30 minutes at

37o C.
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2- 0.5 ml of Reagent 2, (DNPH) was added to each tube, mixed well,

and left for exactly 20 minutes at 20-25 o C.

3- 5 ml of sodium hydroxide (0.4 mol /L) were added to each tube; all

were      mixed well, and were left again for 5 minutes.

4-   The absorbance of samples against reagent blank was read at λ 546

nm.

       The activity of ALT was deduced from the table given with the kit.

Estimation of urea in plasma :

Urease – modified Berthelot reaction :

Urea in plasma was determined by an enzymatic colorimetric method as

described by Patton and Crouch et al., 1977 using a diagnostic kit

supplied by Diamond (Egypt).

Principle :

Enzymatic determination of urea was carried out according to the

following reaction:

    Urea +H2O 2NH3 + CO2

In an alkaline media, the ammonium ions react with the salicylate and

hypochlorite to form a green colored indophenol.

Reagent concentration:

 Reagent / R1 (standard reagent) :

                         Urea 50 mg/dl

 Reagent / R2 (enzyme reagent) :

               Unease >5000 U/l

 Reagent / R3 (buffer reagent) :

           Phosphate buffer PH 8 100 mmol/l

                                       Sodium salicylate 52 mmol/l

Urease
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                       Sodium nitroprusside 2.9 mmol/l

                        EDTA 2.0 mmol/l

 Reagent / R4 (alkaline reagent) :

                          Sodium hydroxide 80 mmol/l

                          Sodium hypochlorite 4.0 mmol/l

Procedure :

1- Sample and reagent are added to dry test tubes as follows:

Blank Standard Sample

R3

(Buffer)

1.0 ml 1.0 ml 1.0 ml

R2

(Unease)

One drop One drop One drop

R1

(Standard)

_____ 10 µl _____

Sample _____ _____ 10 µl

2-Mix and incubate at least 5 minutes at 250C , then add :

        R4 200 µl 200 µl 200 µl

3- Mix and incubate for 10 minutes at 250C , then measure absorbance of

sample (A sample) and standard (A standard) against reagent blank at λ 580

nm.

calculation :

Urea concentration = x n, (  (where n = 50 mg/dl)A sample xn

/AA standard
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Estimation of creatinine  in plasma:

          Creatinine in plasma was determined by a colorimetric method as

described by Henry et al.,( 1974), using a diagnostic kit supplied by

Diamond (Egypt).

Principle :

Creatinine in alkaline solution reacts with picrate to form a colored

complex.

Reagent concentration :

 R1 (Creatinine standard) 2 mg/dl

 R2 (Picric acid) 38 mmol/l

 R3 (Sodium hydroxide) 1.2 mmol/l

 R4 (Trichloro acetic acid) 1.2 mol/l

Solution 5 is prepared from R2 and R3 (1 + 1)

Procedure :

1- pipette into centrifuge tubes,

R4 (Trichloro acetic acid ) 0.4 ml

Plasma 0.4 ml

The tubes were well mixed, centrifuged for 10 minutes, then carefully

pour clear supernatant into dry test tubes.

2- The following procedure was carried out:

Blank Standard Sample

Redistilled

water

0.25 ml _____ _____

R1 (Standard) _____ 0.25 ml _____

R4 (TCA) 0.25 ml 0.25 ml 0.5 ml

Supernatnt _____ _____ _____

Solution 5 0.5 ml 0.5 ml 0.5 ml

3-The test tubes were mixed and then incubate for 20 minutes at 250C.
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The absorbance of sample (A sample) and standard (A standard) against blank

were measured at λ 546 nm.

Calculation :

Creatinine concentration=ASample ∕ Astandered × 2

Hematological Examination:

Blood samples were withdran by heart puncuture using heparinized

plastic syringes. About ½ ml of whole blood was quickly taken into clean

tubes mixed with anticoagulant and used freshly for blood counting, and

hemoglobin estimation.

Statistical Analysis:
The Statistical Analysis was carried out usinganalysis of variences (One

way ANOVA) for testing the significance between treated groups

according to Steel and Torrie (1980).
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RESULTS
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The In vitro studies
1-Cell Culture Experiments:

The effects of the four newly synthesized chemical compounds

were assessed on the viability of EAC cells using trypan blue exclusion

test.

The antitumor efficacy of the two compounds 1 and 2 against ESC cell

lines was demonstrated. The relationship between drug concentration and

the percentage of non-viable cells of EAC were presented in table (2)

and figure (3).The data pointed to that the two compounds affected the

EAC cell viability on a dose dependent manner .The effective dose

calculated as IC50 which correspond to the compound concentration

resulted in 50% mortality in the total cells count .The IC50 values were

0.163 mM/ml and o.184 mM/ml for compounds 1 and 2 respectively.
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Table (2): The effect of Compounds 1 and 2 on the viability of EAC cells
determined by trypan blue exclusion test

CONCENTRATIONS

(COMPS. 1 &2)

% of Non Viable  cells

ug/ml µM/ml comp 1 comp 2

0.125 0.214 64.42 58.6

0.1 0.175 57.04 46.9

0.075 0.129 32.96 39.4

0.05 0.086 25.84 28.84
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Figure (3): The percentage of non-viable cells under the effect of
different concentrations of compounds (1&2)
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Table (3) as well as figure (4) presented the effect of compounds 3 and 4

on the viability of EAC cells using trypan blue exclusion test.

The data revealed that the two compounds affect the cell viability on a

dose dependent manner with IC50 value at concentration of 0.194 mM/ml

for compound-3.

The data also revealed that compound 4 (the pyrimido-quinoline

compound (PIQSA) exhibited very high cytotoxicity level at the same

concentration. So further dilution

s were applied and the results depicted in table (4) and figure (5) which

pointed out that the IC50 was 0.091 mM/ml.
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Table (3): The effect of Compounds 3, 4 on the viability of EAC
determined by trypan blue exclusion test

CONCENTRATION

(COMP. 3 &4)

        % of Non Viable  cells

ug/ml µM/ml Comp3 Comp 4

0.125 0.214 60 99

0.1 0.175 33.2 97

0.075 0.129 14.7 82.4

0.05 0.096 6.2 79.4
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Figure (4): The percentage of non-viable cells under the effect of different
concentrations of compounds (3&4)
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Table (4): The effect of PIQSA compound on EAC viability by trypan blue
exclusion test

CONCENTRATION
Comp 4(PIQSA)

ug/ml mM/m

% of Non Viable  cells

0.075 0.214 81.5

0.05 0.172 39.5

0.025 0.129 10

0.013 0.086 0
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Figure (5): Percentage change in mortality of EAC cells under treatment of
PIQSA
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2 ) Anti-tumor activity of PIQSA compound against human
Carcinoma cell line:
Cytotoxicity assay (MTT) Viability:
The present data justify that the pyrimido-quinoline compound (PIQSA)

exhibited the greatest antitumor inhibitory activity compared with the

other three tested compounds in the present work. Moreover, in-vitro

studies were done using PIQSA compound at concentrations of 0, 5, 10,

25, 50, 100, 250 µM/ml against three human cell lines, H46 (lung), U251

((brain) and Hep-G2 (liver) carcinoma cell lines.

Table (5) and figure (6) illustrated the cytotoxic effect of PIQSA

compound on Lung carcinoma cell line (H460) at the IC50 value of 50

µM/ml. The effect of PIQSA compound on brain carcinoma cell line

(U251) was shown in table (6) and figure (7).The data revealed that the

chemical compound resulted in a cytotoxic effect at IC50 value of 55

µM/ml.

 Table (7) as well as figure (8) presented the effect of PIQSA compound

on the viability of liver carcinoma cell line (HepG2), the data showed

that the compound exhibited cytotoxic activity at IC50 50 µM/ml.
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Table (5): Cytotoxic activity of PIQSA on Lung carcinoma cell line (H460).

PIQSA
Compound

      Lung carcinoma cell lines (H460)

Concentration µM/ml Mean of OD (3 repetitions)
± SE

% of viable   cells

0.0001 0.121±0.00 100.0

0.1 0.123±0.0046 101.4

2.5 0.113±0.005 93.4

5 0.107±0.0023 88.5

10 0.099±0.0012 81.9

20 0.095±0.0032 78.0

50 0.062±0.0015 51.1

100 0.021±0.0012 17.3

250 0.021±0.0007 17.0
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Figure (6): Cytotoxic activity of PIQSA compound on Lung carcinoma
Cell line (H460)
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Table (6): Cytotoxic activity of PIQSA compound on brain carcinoma cell
line (U251):

PIQSA
Compound

            Brain carcinoma cell lines (U251)

Concentration µM/ml  Mean of OD (3 repetitions)
                   ± SE

      % of viable cell

0.0001 100 ± 0.01 100

0.1 95.25±0.01 95.25

2.5 95.72±0.01 95.72

5 88.62±0.020 88.62

10 84.24±0.02 84.24

25 74.63±0.01 74.63

50 55.32±0.014 55.32

100 33.61±0.009 33.61

250 31.89±0.007 31.89
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Figure (7): Cytotoxic activity of PIQSA compound on brain
carcinoma cell line (U251).
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Table (7): Cytotoxic activity of PIQSA compound on liver carcinoma cell line
(HepG2):

PIQSA
Compound

on liver carcinoma cell line (HepG2)

Concentration µM/ml Mean of OD (3repetitions)
       ± SE

% of viable cell

0.0001 0.275±0.0067 100.0

0.1 0.254±0.0072 92.3

2.5 0.250± 0.0032 93.7

5 0.241±0.0032 87.4

10 0.248±0.0162 90.1

25 0.232±0.0111 84.3

50 0.195±0.0098 70.8

100 0.139±0.0046 50.5

250 0.123±0.0015 44.6
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Figure (8): Cytotoxic activity of PIQSA compound on liver
                                carcinoma cell line (HepG2).
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2-In-Vivo Studies:

2.1-Toxicity study and Estimation of LD50:
The in-vivo studies were done using PIQSA compound, a( pyrimido

quinoline bearing sulfonamide moiety) with molecular formula

(C31H29N5O3S2),and chemical structure,4-[4-imino-8,8-dimethyl-6-

dimethyl-6-oxo-3,5-diphenyl-2-thioxo-1,3,4,5,6,7,8,9-octahydro-2H-

pyrimido[4,5-b]quinolin-10-yl]benzenesulfonamide.

 An acute toxicity study related to the determination of LD50 of the

tested compound was performed on Swiss albino mice. The drug was

administered intraperitoneally.As shown in figure (7), the LD50 value

was found to be 0.670 mg /kg body weight.
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Figure (9): LD50 of PIQSA compound in normal mice.
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2.2-Evaluation of the Anti tumor activity of PIQSA compound

against tumor bearing animals:

The antitumor effect of PIQSA compound was assessed with the

observation of changes with respect to body weight and body weight

gain, solid tumor weight, and finally the changes in tumor volume after

the intraperitoneal injection of 3.5mg /kg of the tested compound three

times per week during the experimental period. The results were shown

in table (8) and illustrated in figures (10, 11, and 12).

The antitumor effect and the changes induced by chemotherapeutic

treatment using the tested PIQSA compound on the body weight and

body weight gain, solid tumor weight and tumor volume. The collected

data indicated that there is a significant loss in body weight gain

(p<0.05) in animal group bearing tumor as compared to the normal

untreated group.

The results also, revealed that chemotherapy treatment with PIQSA

induced significant increase in body weight gain (p<0.05) in comparison

with normal control group, and also with animal group bearing tumors.

This increase in body weight gain was concomitant with significant

regression in tumor weight (p<0.01) and tumor volume (p<0.05)

repectively as compared to animal group bearing tumors.

Animal bearing tumors subjected to γ-IR exhibited highly significant

increase in body weigt gain (p<0.01) as compared to normal control

group, and (p<0.001) as compared with animal group bearing tumors.

On the contrary, highly significant regressions were recorded in both

tumor weight (p<0.01) and also tumor volume (p<0.05) measured
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parameters, body weight gain (p<0.05), tumor weight (p<0.001), and

tumor volume (p<0.01).

Chemotherapeutic pre-treatment with PIQSA followed by γ-

irradiation increased significantly the gain in body weight by (p <0.01)

and ( p<0.001) as compared with the control and animal bearing tumor

group. Also this treatment modality increased the regression in tumor

weight (p<0.001) and also the tumor volume (p<0.01) as compared to

animal bearing tumor control group. Also, a significant increase was

recorded in animals body weight gain (p<0.001) as compared to animal

bearing tumor control group.

It is important to pay attention that, this treatment modality increased the

effect of γ IR on the three parametrs, where a significant increase in body

weight gain was recorded (p<0.05), and also, increased the regression in

tumor weight (p<0.01) compared to animal group bearing tumor and

subjected to γ-IR.
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Table (8): Effect of different treatments on body weight gain, tumor
weight and tumor volume in mice bearing tumors under different

treatments.

Initial
Bodyweight

(gm)

Final
Body weight

(gm)

Body#
weight gain

(gm)

Tumor
Weight (gm)

Tumor
Volume (mm)

Treatments

                             Mean±SD and the % of change
Control 23.69±0.83 28.18±0.12 4.53±0.22 --------------- ---------

ESC 23.30±0.40 32.01±0.15 4.10±0.33a

-9.49*
4.21±0.93 1.32±2.

ESC+PIQSA 23.70±0.46 31.27±0.79 4.74±0.14 a,b

5.6*
15.61**

2.83±0.74 b1--
38.61**

1.13±3.49 b

-14.39**

ESC+
Irradiation

23.74±0.29 32.22±0.39 5.88±0.51a1,b2

31.0*

46.09**

2.6±0.97 b2

-43.6**
1.07±1.58 b

-18.94**

ESC+PIQSA
+Irradiation

23.63±0.41 31.6±0.25 6.23±0.28 a1 ,b2,c

37.52
67.07
5.95***

1.74±0.74 b2, c1

-62.26**

-33.07***

1.02±4.08b1,c2

-22.73*

-4.67**

Mean of 8 animals /group
* Percent change with respect to untreated control group.* * Percent change with
respect ESC group.* ** Percent change with respect to ESC+ γ-IR group.
a: significance vs. control at P<0.05 and (a1) significance vs control at P<0.01 and
(a2) at p<0.001.b: significance vs ESC group at P<0.05 ,(b1) at P<0.01 and b2 at
P<0.001c: significance vs. ESC +irradiation group at P<0.05, (c1) at P<0.01 and
c2at P< 0.001. # Body weight gain = (Final body weight – Initial Bodyweight) -
tumor weight.
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Figure (10): Percentage changes in Body Weight gain of mice bearing
tumor after different treatments
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Figure (11): Percentage changes in tumor weight in animals bearing tumor
after different experimental conditions comparing with ESC group.
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Figure (12): Percentage changes in tumor volume in animals bearing
tumor after different treatments
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Evaluation of  Histonedeacetylase (HDAC) activity and DNA
fragmentation in mice bearing tumors:

Table (9) as well as figures (13 & 14) depicted the effect of different

treatments on HDAC activity and DNA fragmentation.

The results revealed that PIQSA treatment induced a significant

inhibition in HDAC activity (p<0.01) accompanied with a significant

induction in DNA fragmentation (p<0.001).The data also recorded that;

IR treatment modality induced highly significant increase in DNA

fragmentation (p<0.01). Meanwhile, a non significant change in HDAC

activity was recorded. Moreover, the data pointed out that the combined

treatment induced the most persuasive effect on both HDAC enzyme

activity and DNA fragmentation, where a highly significant increase in

HDAC activity inhibition (p<0.01) concomitant with very highly

increase in DNA fragmentation (p<0.001) in comparable with the control

ESC bearing group. Moreover, the two parameters recorded highly

significant change with respect to animal group bearing tumor and

subjected to γ-IR (p<0.01).
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Table (9): The effect of different treatment on histone Deacetylase (HDAC)
activity and DNA fragmentation in mice bearing tumors

HDAC activity
(µm HDAC/mg tissue)

% of DNA fragmentation
Treatments

Mean±SD,and % of change
ESC 133.9±1.7 8.52±0.61

ESC+PIQSA 112.1±4.9 a1

-16.28*
15.12±1.03 a2

+77.46*

ESC+ Irradiation 131.96±0.853NS

-1.45*
40.64±1.3 a2

+377.0*

ESC+ PIQSA +
Irradiation

105.9±5.2 a1,b2

-21.7*

-20.24**

61.76±1.9 a2,b2

624.9*

51.96**

Mean of 5 animals /group
* Percent change with respect to ESC group.
** Percent change with respect to ESC+ γ-IR.
a significance vs.  ESC group at P<0.05, (a1) at P<0.01 and a2 at P<0.001
b: significance vs. ESC + irradiation group at P<0.05 ,(b1) at P<0.01 and
( b2) at P<0.001.
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Figure (13): Percentage changes in HDAC activity of animals bearing
tumor after different treatments .
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Figure (14): Percentage changes of DNA fragmentation of mice bearing
tumors after different treatments

Histochemical detection of apoptosis in ESC tumors under
different experimental conditions using Fluorescence

Microscopy :

Qualitative evaluation of apoptosis in this work was carried out

using Fluorescence Microscopy, a simple assay that provides a very

useful qualitative evaluation.Acridine Orange (AO) and ethidium

bromide (EB) were used for staining the sections  intercalating, nucleic

acid specific, fluorochromes which emit a green and orange fluorescence,

respectively, when they are bound to DNA. Of the two, only AO can

cross the plasma membrane of viable and early apoptotic cells (Mishell,

et al., 1980). Viewed by fluorescence microscopy, viable cells appeared

to have a bright green nucleus with intact structure while apoptotic cells

exhibited a bright green nucleus showing condensation of chromatin as

dense green areas. Late apoptotic cells and necrotic cells will stain with

both AO and EB; however EB produces the highest intensity emission.

Late apoptotic cell cells have an orange nucleus showing condensation of
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chromatin and necrotic cells display an orange nucleus with intact

structure.

Table (10) and figure (15) represent induction of cell death in ESC

bearing groups under different treatments and experimental condtions.

The collected data revealed that chemotherapeutic treatment with

PIQSA compound resulted in significant decrease in the number of viable

ESC tumor cells (p<0.01), associated with significant increase in necrotic

cells (p<0.001) as well as apoptotic cells (p<0.01)

Radiotherapeutic (IR) treatment induced very highly significant

decrease in the number of viable tumor cells accompanied with highly

significant increase in both apoptotic and necrotic cells (p<0.001) as

compared to control (p<0.00l) animal group bearing ESC tumors.

Pre- treatments of animals with PIQSA followed by radiotherapy

treatment induced highly significant reduction in the number of viable

ESC tumor cells (p<0.001). Also, a highly significant increase in the

number of apoptotic cells was noticed (p<0.001).A significant reduction

in the no of necrotic tumor cells was recorded with respect to animal

bearing tumors control group (p<0.05) and with respect to animal group

bearing tumor subjected to γ-IR (p<0.01).
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Table (10): Effect of different treatments on apoptotic cell death in mice
bearing tumors after different experimental conditions

Healthy
cells

Necrotic
cells

Apoptotic
 cells

Treatments

Mean ±SD and the % of change

ESC 65±0.71 8±2.73 27±14.8
ESC+

PIQSA
52±2.12 a1

-20*
13±4.1 a2

62.5*
32±4.3a1

18.52*
ESC+

Irradiation
26±1.58 a2

-60**
19±8.3 a2

137.5**
56±11.4 a2

107.41**

ESC+ PIQSA+
Irradiation

16±0.84 a2,b1

-75*
-38.46**

10±3.1 a,b1

25*
-47.37**

80±6.12 a2,b1

196.30*
42.86**

Mean of 5 animals /group ±SD
* Percentage change with respect to ESC group.
**Percentage change with respect to ESC + γ-IR group.
a: significance vs. corresponding values in ESC group at P<0.05, (a1) at

P<0.01 and (a2) at P<0.001.
b: significance vs. corresponding values in ESC + irradiation group,

P<0.05, (b1) at P<0.01 and ( b2 ) at P<0.001.
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Figure (15): Percentage of apoptotic cell death in mice bearing tumors after
different treatments and experimental condions
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Qualitative evaluation of apoptosis was carried out using Fluorescence

Microscopy; Viewed by fluorescence microscopy, viable cells appeared

to have a bright green nucleus with intact structure while apoptotic cells

exhibited a bright green nucleus showing condensation of chromatin as

dense green areas. Late apoptotic cells have an orange nucleus showing

condensation of chromatin and necrotic cells display an orange nucleus

with intact structure
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Plate (1): Showing sections of tumor region regions in
untreated control mice bearing tumors

Fig1: Sections in tumor regions of untreated mice bearing tumors (A,B,C):
indicated the peripheral region of the tumor. (Acridine Orange & Ethidium
Bromide X 100).
Fig1: (D,E,F) showing the core-region of the tumor . (Acridine Orange &
Ethidium Bromide X 100).

G 1

B

C

G1

D

E F

A



140

Plate (2): Indicating different regions in tumor sections of mice after
Chemotherapeutic treatment with PIQSA

Figures (A,B):sections presented the  peripheral region of the tumor, (Acridine
Orange & Ethidium Bromide X 100).
Figures (C,D): sections showed the inner region of the tumor with aggregation
of apoptotic cells. (Acridine Orange & Ethidium Bromide X 100).Figures (E,F):
sections indicated thickness of apoptotic cells with high number of tumor
vacuoles . (Acridine Orange & Ethidium Bromide X 100).
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    Plate (3): Showing the effect of Radiotherapeutic treatment on
tumors in mice bearing tumors

Figures (A,B,C) indicated aggregation of apoptotic cells in peripheral region.
(Acridine Orange & Ethidium Bromide X 100).
Figures (D,E,F) revealed high thickness of apoptotic cells in marginal region,
with apoptotic stripes and colonies in the outer and core region of the tumor.
(Acridine Orange & Ethidium Bromide X 100).
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Plate (4): Sections in tumor regions of mice bearing tumours after
combined treatment modality

Images of ESC tumor in mice after PIQSA + IR treatment.
Figures (A,B,C): thick mass of apoptotic cells appeared in the outer region of
the tumor. (D,E,F) high apoptotic stripes and colonies in outer region and in
the core region of the tumor. (Acridine Orange & Ethidium Bromide X 100).
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Histopathological examination indicated as shown in plate (1)

sections in animal bearing tumor without any treatments. Fig (a, b, c)

presented the peripheral region mean while fig (D. E. F) showed the core

regions an figures indicated the viable cells in tumor sections with bright

green nuclei.

Plate (2): showed sections in animals bearing tumors after

chemotheerapeutic treatments with PIQSA. Fig (A, B) revealed apoptotic

cells in the prepheral region with orang nuclei in their cells. Fig. (C, D)

presented the inner region which appeared with aggregation of apoptotic

cells. Also fig. (E, F) showed thickness of apoptotic cells in tumor

section with high numbers of tumor vacules and high density of apoptotic

cells as compared to animal bearing tumors antreated group served as

control.

Plate (3): showed the effect of radiotherpeutic treatment on

tumors in animals all figures revealed the increase of apoptotic cells with

orange nuclri. Fig (A, B, C) indicated aggreagation of apoptotic cells,

while fig. (D, E, F) revealed greater increase of apoptotic cells in both

peripheral and also the presence of increased strips and colonies of

apoptotic cells in the inner and outer region of the tumor sections.

Plate (4): indicated more and more increase of apoptotic cells in

either inner and marginal region of the tumor as compared to either the

control group or as compared to animal group subjected to radio therapy

treatments.
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Effects of different treatments on the distribution of cells in
cell cycle phases in ESC bearing groups under different
experimental conditions:

Effects of different treatments on distribution of the cells in various

phases of cell cycle in ESC bearing groups were examined. The results

are presented in table (11) and figure (16).

The results indicated the effects of different treatments on the cells

distribution in various phases of cell cycle of ESC bearing groups.

A significant change in distribution of different cell cycle phases was

noticed in G1 /G0 phase, S phase (P<0.01), and (p<0.001) in G2 /M

phase in control animal group bearing tumors in comparison with normal

animals.

Chemotherapeutic treatment resulted in redistribution of cells in the

different phases where a significant change was recorded in both  G1 /G0

phase, S phase (p<0.01) and G2 /M phase (p<0.05) with percent changes

amounted by 23.52% ; -31.9 %; and 15.69 % respectively, in comparison

with control group bearing tumors.

A distinct increase of cells arrested in G2/M (p<0.001) amounted by

90.77%  observed in animal group bearing tumor subjected to γ-

irradiation ,associated with a proportional decrease of cells at the S-

phase (-73.26%) and also at G1/G0 phase (-5.55%) .

A remarkable increase in cell population was noticed at G1/G0 phase

(p<0.001) was shown in animals bearing tumors received both

chemotherapeutic followed by irradiation treatment accompanied

with highly significant decrease in S phase and G2 /M phase (p<0.001)

as compared to either the control group bearing tumors or animal bearing

tumors subjected to γ-irradiation treatment alone.
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Table (11): Effect of different treatments on the distribution of cell cycle
phases in Mice bearing tumors after different treatments

% Of Cell Cycle Phases
G1/G0 (%) S (%) G2/M (%) G2/G1 (%)Treatments

Mean±SD and the % of change
Control 63.44± 3.5 19.49±1.8 16.1±0.1 0.97 ± 0.12

ESC 28.27±1.5
-55.44*

38.15±1.02
95.74*

32.5±5.7
101.86*

1.08±0.043
11.34*

ESC+
PIQSA

34.92±1.4 a1,b

23.52**
25.98±2.3 a1,c1

-31.90**
37.6±2.1 a2,c

15.69**
1.5±0.16NS

38.89**

ESC+
Irradiation

26.7±2.5 b2

-5.55**
10.2±2.1 b2

-73.26**
37.6±10.1 b2

90.77**
1.1±0.02NS

1.85**

ESC+ PIQSA +
Irradiation

86.3±2.6 b2,c2

205.27**

223.22***

2.2±0.81 b2,c2

-94.23**

-78.43***

10.2±0.14 a2,b2

-68.62**

-82.55***

1.3±0.07 b

20.37**

18.18***

Mean of 5 animals /group ±SD
* Percentage change with respect to control group.
** Percentage change with respect to ESC group.
*** Percentage change with respect to ESC + γ-IR group.
a: significance vs control. b: significance vs ESC group at p<0.05 , (b1) at
P<0.01 and (b2) at P<0.001. c: significance vs. corresponding values in

ESC + irradiation group P<0.05, (b1) at P<0.01 and b2 at P<0.001.
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tumors under different treatments
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Effect of different treatments on lipid peroxidation,
glutathione content and antioxident enzymes (CAT and
SOD) in the liver homogenates of normal mice under

different experimental conditions:

Data presented in table (12) and fig. (17) Presented lipid peroxidation

(LPx) level, glutathione (GSH) content, and the two internal antioxidants

(superoxide dismutase (SOD) and catalase (CAT) activity in liver tissue

homogenates of normal animals after different treatments.

The results revealed that both DMSO and chemotherapeutic treatment

with PIQSA compound recorded non significant change in all parameters

as compared to the normal animal group.

Radiotherapy treatment induced significant elevation in lipid peroxide

and GSH content (p<0.05). On the other hand, SOD activity showed

highly significant significant reduction (p<0.01) as compared to the

control group.

Very highly significant inhibition was recorded in catalase activity

(P<0.01) after the combined treatment modality as compared to control

animal group.

It is remarkable to indicate that this treatment modality pointed to the

γIR-induced change in in LPx (p<0.05), accompanied by significant

elevation in both GSH activity and SOD activity (p<0.05) as compared to

normal animal group received γ-IR as a single treatment.
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Table (12): Lipid peroxide and glutathione content, SOD and CAT activity
levels in liver homogenates in normal mice under different treatments.

Lipid peroxide
µmol MAD/gm

tissue

GSH content
mg/gm  tissue

SOD
  µg/gm tissue

CAT
µmol/gm tissue

Treatments

    Mean±SD and % of change from control group
Control 82.31±3.18 25.36±0.86 30.7±5.024 124.27±2.51
DMSO 81.69±3.21 NS

-0.75*
25.14±0.68NS

-0.87*
30.31±1.66NS

-1.27*
124.45±2.97NS

0.14*

PIQSA 83.19±1.91 NS

1.07*
25.43±1.14NS

0.28*
32.82±3.56NS

6.91*
124.01±0.86NS

-o.21*

Irradiation 96.66±2.91 a

17.43*
27.50±1.58 a

8.04*
24.15±2.03 a

-21.33*
120.16±1.49 a

-3.31*

PIQSA+
Irradiation

88.93±1.21a,b

8.04*

-8.00**

20.62±1.59 a,b

-18.69*

-25.02**

25.64±2.58 a,b

-16.48*

6.17**

119.18±0.8 a,b

-4.10*

-0.823**

Mean of 5 animals / group.
N.S=non significant
* Percent change with respect to control group.
**Percent change with respect γ-irradiation group.
a: significance vs. control group at p<0.05, (a1), significance vs. control
group at p<0.01
b: significance vs. γ-irradiation group at p<0.05 .
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Figure (17): Percent change in lipid peroxidation, glutathione content
and antioxident enzymes (CAT and SOD) activity in liver
homogenates of normal mice under different treatments
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Lipid peroxidation, glutathione content and antioxident
enzymes (CAT and SOD) in mice bearing tumors after

different treatments:

Table (13) and figure (18) demonstrate the levels of LPx, GSH content

and the level of the two antioxidants SOD and CAT in liver homogenates

of animals bearing tumors under different treatment modalities applied in

this work.

The results indicated that animal group bearing tumors showed a

significant increase in LPX activity (p<0.05), concomitant with

significant inhibition in GSH content (p<0.05) and SOD activity (p<0.05)

and as compared to control group.

It is clear that chemotherapeutic treatment with PIQSA induced

significant elevation in GSH content (p<0.05) as compared to the control

animal group and (p<0.05) as compared to animal group bearing tumors.

Also an elvation was noticed in SOD activity but still less than the

normal value (P<0.05) while there were non-significant changes in LPX

and CAT activities were recorded as compared to the control animal

group bearing tumors.

Radiotherapeutic treatment (γ-IR) induced significant elevation in

LPX level (p<0.01), concomitant with a highly significant reduction in

both GSH content (p<0.01) and SOD activity (p<0.01) as compared to

the control animal group.
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The combined treatment decreased the γ-IR induced elevation in LPx

activity (p<0.05) as compared with control group.Also, a significant

increase was recorded in GSH content (p<0.01) and SOD activity

(p<0.01) as compared to animal group bearing tumors subjected to γ-IR

treatment but also not reach to the normal values where ( p <0.05) for bth

as compared to the normal values.
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Table (13): Lipid peroxide and glutathione content, SOD and CAT activity
levels in the liver homogenates of mice bearing tumors under different

treatments.
 Lipid peroxide
 µ mol/ gm tissue

GSH content
mg/gm tissue

SOD
µg/ gm tissue

CAT
µmol/gm

tissue
Treatments

Mean±SD and % change from ESC group
Control 82.31±3.18 25.36±0.86 30.70±5.024 124.27±2.51
     ESC 91.19±1.28 a

10.79*
24.07±1.27 a

-5.09*
25.72±2.47 a

-16.22*
119.18±0.80

-4.10*
ESC+ PIQSA 85.72±1.53 NS

4.14*
6.00**

29.37±1.01 a,b1

15.81*
22.02**

26.73±2.12 NS

-12.93*
3.93**

120.66±1.53 NS

-2.90
1.24**

ESC+Irrad 99.21±2.19a1, b

20.53*
8.79**

16.37±1.034a, b

-35.45*
-31.96**

18.22±2.08 a,b

-40.65*
-29.16**

116.75±0.72a

-6.05*
-2.04**

ESC+PIQSA
 +Irrad

90.59±1.53a,c

10.06*
-0.66**

-8.69***

21.61±1.98 a,b,c

-14.79*
-10.22**

32.01***

23.35±1.39a1,b,c1

-23.94*
-9.21**

28.16***

118.5±1.17 NS

-4.57*
-0.50**

1.58***

Mean of 5 animals /group ± SD.
 * Percent change with respect to control group
 ** Percent change with respect to ESC group.
 *** Percent change with respect to ESC +γ-IR group. a: significance vs.
control at p<0.05. b: significance vs. ESC group, (b1): significance vs. ESC
group at p<0.01.c: significance vs. ESC+ irradiation group at p<0.05, c1:
significance vs. ESC+ irradiation group at p<0.01  .
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Fig. (18): Percent change in ipid peroxidation, glutathione content and
antioxident enzyme (SOD and CAT) activity in liver homogenate of

mice bearing tumors after different treatments as compared to control
group.
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Effects of different treatments on lipid profile:

The effect of different treatments on lipid profile (total lipids, total

cholesterol, triglycerides (TG), high density lipoprotein (HDLc) and the

calculated low density lipoprotein (LDLc) were investigated in plasma of

both normal animal groups as well as in animal bearing tumor groups

after different treatments and under experimental condions.

Total lipid and lipid profile in normal animal groups:

As shown in Table (14) and figure (19) the present study, lipid profile

was examined in normal animal groups after different treatments.

No significant alteration was noticed in all investigated parameters due to

DMSO or chemotherapeutic treatment with PIQSA compound.

Analysis of the data revealed that radiation exposure induced

significant elevation in total lipid (p<0.05), Cholesterol and LDL levels

(p<0.001), concomitant with insignificant decrease in TG level and

HDLc level at (p <0.01) in comparison with the normal levels.

Attention was paid particularly that this treatment modality reduced the

elevation in total lipid induced by γ-IR treatment alone (p<0.05) with respect to

values recorded after treatment with γ-IR alone, and restored the total lipid

activity to more or less to the normal level as compared to control group.

Also, this treatment decreased the total plasma cholesterol in cmparison with

that recorded after γ-IR treatment alone (p<0.01) but not reach to the normal

value (p<0.01) as compared to control group.

A significant reduction was recorded in plasma TG in cmparison with that

recorded after γ-IR treatment alone (p < 0.05). The TG level was restored to a
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lesser extent to the normal level as compared to the control group.

A significant elevation was recorded in HDLc lvel in plasma of treated mice in

cmparison with that recorded after γ-IR treatment alone (p<0.001). On the

contrary , a significant inhibition was recorded in LDLC level (p<0.01), but still

higher than the control group (p<0.01).
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Table (14): Lipid profile in plasma of normal mice under different treatments

Total Lipids
(mg/dl)

T-
Cholesterol

(mg/dl)

Triglycerides
(mg/dl)

HDL-
Cholesterol

(mg/dl)

LDL-
Cholesterol

(mg/dl)
Treatments

                                                 Mean±SD and % of changes
Control 366 ±11.51 61.47±6.38 98.15±6.61 34.38±3.53 23.2±6.76
DMSO 365.42±4.59NS

-0.16*
62.32±6.37NS

1.38*
98.95±4.12 NS

0.82*
34.13±1.1NS

-0.76*
22.86±8.05NS

-1.47*

PIQSA 348.3±6.14NS

-4.83*
66.36±6.005NS

7.96*
91.98±7.63NS

-6.29*
35.20±3.24NS

2.39*
21.04±4.42 NS

-9.31*

Irradiation 413.6±8.18a

13.01*
83.14±2.65a2

35.25*
124.91±7.46a2

-29.76*
24.15±5.86a1

-29.76*
33.63±3.71 a

44.95*

PIQSA +
Irradiation

371.3±18.51b

1.45*

-10.23**

77.34±5.62a1,b

25.82*

-6.98**

91.22±7.59b1

-7.05*

-26.97**

35.59±3.58b2

3.52*

47.37**

28.87±5.04a1,b1

24.43*

-14.15**

Mean of 5 animals /group.
N.S=non significant
*   Percent changes with respect to control group.
** Percent changes with respect to normal animal group subjected to γ-
irradiation.
a: significance vs. control at P<0.05 and (a1) significance vs control at P<0.01
and (a2) at p<0.001.
b: significance vs   γ-irradiation group at P<0.05 , b2 significance vs   γ-
irradiation group at P<0.001. at P<0.01.

Figure (19): lipid profile in plasma of normal mice after different
treatments.
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Total lipid and lipid  profile in animal group  bearing ESC
tumors:

In this study the changes in different lipids fractions were examined in

ESC bearing animals under different treatments, the results displayed in

table (15) and figure (20).

The results pointed to that animal group bearing tumors recorded a

significant reduction in all lipid fractions , where total lipids recorded

significant decrease (p<0.05), and also, total cholesterol (p<0.05), total

TG (p<0.05) while, a highly significant reduction was observed in  HDLc

(p<0.01). On the contrary, a highly significant elevation in LDLc

(P<0.01) was recorded as compared to the normal control group.

The collected data also, clearly indicated that chemotherapeutic

treatment using PIQSA Compound caused a significant decrease in all

parameters except LDLc which recorded a significant increase (p<0.05)

all if compared to the normal values.

, but treatment with PIQSA induced significant improvement on some of

the lipid fractions as compared to the values recorded fron animals

bearing tumors. Where a significant elevation was recorded in total

cholesterol (p <0.05), HDLc (p <0.01) with significant  decrease in the

LDLc value (P, <0.01)

Radiotherapeutic treatment resulted in significant inhibition in total

lipids, total cholesterol, and total TG (p<0.05). Also a highly significant

inhibition in HDLc accompanied with a highly significant increase in

HDLc was observed (p<0.001) as compared to the control animal group

bearing tumors.

It is remarkable to indicate that pretreatment with chemical compound

followed by γ- irradiation treatment reduced the augmented the
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effect of γ-irradiation treatment modality alone, on lipid fractions

where, a significant elevation was recorded in total lipid, cholesterol and

TG levels (p<0.05), while, a highly significant change was recorded in

both HDLc and LDLc as compared to animal group bearing tumor and

exposed to γ-irradiation.



156

Table (15): Effect of different treatments on plasma lipid profile
in ESC bearing mice after different treatment .

Total Lipids
    (mg /dl)

T-Cholesterol
  (mg /dl)

Triglycerides
  (mg /dl)

HDL-
Cholesterol
     (mg /dl)

 LDL-
Cholesterol
(mg /dl)

Treatments

         Mean ± SD and % of changes
Control 366 ±3.54 61.28±6.38 98.15±6.61 31.38±3.53 28.2±6.76
ESC 323.6±13.90 a

-11.58*
49.59±9.52 a

-19.08*
83.91±5.42 a

-14.51*
24.35±4.49

-22.40*
34.02±2.91

20.64*

ESC+ PIQSA 333.6±13.9(NS)

-8.85*
3.09**

55.17±5.68a,b

-9.97*
11.52**

88.92±7.64 (NS)

-9.40*
5.97**

28.41±4.63 a,b

-9.45*

16.76**

30.18±3.23 b

7.02*
-11.29**

ESC +
Irradiation

264.25±16.03 b

-27.80*
-18.34**

41.07±3.72 b

-32.98*
-17.18**

71.04±7.14 b

-27.62*
-15.34**

44.95±2.56 b

43.24*
84.60**

8.97±1.19 b

-68.19*

-73.63**

ESC+
PIQSA+
Irradiation

283.64±17.38 c

-22.50*
-12.35**

11.12***

46.56±5.14c

-24.02*
-6.66**

13.36***

78.32±6.c
-20.20
-6.66**

10.25***

37.61±3.14 c

19.85*

54.46**
-16.33***

10.89±4.27 b, c

-61.38*
-67.99**

21.40***

Mean of 5 animals /group.N.S=non significant
*     Percent changes with respect to control group.**   Percent changes with
respect to ESC group.*** Percent changes with respect to ESC + γ-irradiation
group. a: significance vs. control at P<0.05 and (a1) significance vs control
atP<0.001. b: significance vs   ESC bearing group at P<0.05 and (b1) significance
vs  ESC group at P<0.01. c: significance vs. ESC bearing group + irradiation at
p<0.05.
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(Figure 20): lipid profile in plasma of animals bearing tumors after
different treatments



157

Liver Enzymes activity in normal animal groups received
different treatments:

Table (16) as well as Figure (21) displayed the effect of different

treatments of animals on the plasma levels of aspartate aminotransferase

(AST) and Alanine aminotransferase (ALT) in normal groups and ESC

groups.

There was   insignificant change either in AST or ALT activity due to

chemical treatment in comparison with those of the control group.

Irradiation treatment induced a significant elevation in AST activity

(p<0.01) and ALT (p<0.05) comparing to those of the control one.

Meanwhile, the combined treatment reduced the irradiation-induced

elevated AST and ALT enzyme activity (p<0.05) in comparison with that

of the irradiated group.

The ESC bearing group exhibited a high significant increase in the AST

activity (p<0.01) and ALT activity (p<0.05) in comparison with the

normal control.
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Table (16): Effect of different treatments on plasma liver enzymes in normal
mice after different treatments:

Treatments AST((U/L) ALT(U/L)
Mean ± SD and % of changes

Control 39.2±1.25 39.2±2.3
DMSO 41±1.0 (NS)

4.59*
41.4±1.1 (NS)

5.61*

PIQSA 42.4±2.1(NS)

8.16*
41.4±1.1 (NS)

5.61*

Irradiation 63±4.4 (a1)

60.71*
48.4±2.3 (a)

23.47*

PIQSA + Irradiation 55.4±4.51 (a,b)

41.33*

-12.06***

44.2 ±3.7 (a,b)

12.76*

-8.68***

Mean of 5 animals /group.
N.S=non significant
* Percent changes with respect to control group.
*** Percent changes with respect to γ-irradiation group.
a: significance vs. control at P<0.05 and (a1) significance vs control at P<0.01.
b: significance vs   γ-irradiation group at P<0.05.
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                   Figure (21): Percent change in liver enzymes in plasma of normal
mice under different treatments
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Effects of different treatments on liver Enzymes activities

under different treatments and experimental conditions:
As shown in table (17) and Figure (22), animal group bearing tumors

recorded highly significant elevation in AST activity (p<0.01), and also a

significant increase in ALT activity (p<0.05) were noticed as compared

control group.

Chemotherapeutic treatment induced significant increase in plasma

AST activity (p<0.05), while non significant inhibition was noticed in

ALT activity as compared to animal group bearing tumor control group.

Exposure to γ-IR recorded a significant elevation in both enzyme

activities as compared to tumor control group.

Non significant inhibition in AST and ALT activities were recorded due

to combined treatment modality.
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Table (17): Plasma liver enzymes in mice bearing tumors after the different
treatments.

AST((U/L) ALT(U/L)Treatments Mean ± SD and % of changes
Control 39.2±1.25 39.2±2.3

      ESC 69±1.923 a

76.02*
47.8±1.92 a

21.94*

ESC+ PIQSA
61.4±3.209 b

56.63*

-11.01**

45.5±3.35(NS)

16.07*

-4.81**

ESC+ Irrad
87±4.2735 b

120.19*

26.1**

51.2±2.17 b

30.61
7.11**

ESC+ PIQSA+ Irrad
58±1.30 b, c

-15.94**

-33.33***

49±1.58 (NS)

2.51**

-4.29***

Mean of 5 animals /group.N.S=non significant
*     Percent changes with respect to control group.
**   Percent changes with respect to ESC group.
*** Percent changes with respect to ESC+ γ-irradiation group.
 a: significance vs control at P<0.05 and (a2) significance vs control at
P<0.001.
 b: significance vs ESC bearing group at P<0.05 and (b1) significance vs
ESC group at P<0.01
                   c: significance vs ESC bearing group + irradiation at p<0.05.

0

20

40

60

80

100

120

140

ESC ESC+PIQSA ESC+Irrad ESC+PIQSA+Irrad
Groups

%
 c

ha
ng

e 
fr

om
 E

S
C

 g
ro

up

AST ALT

Figure (22): Percent change in liver enzymes in plasma of mice
bearing tumors after different treatments
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Changes in plasma creatinine and urea levels in normal
groups after different treatments:

Table (18) and figure (23) illustrate the concentration of creatinine and

urea in plasma of normal animal groups under different treatments.

Both creatinine and urea showed non significant change as compared

with control group due to chemotherapeutic treatment with PIQSA

compound.

Animal group exposed to γ-IR revealed highly significant elevation in

concentration of both plasma creatinine and urea (p<0.01).

Combined treatment decreased the elevation induced by γ-irradiation in

the two metabolites concentrations (p<0.05) by -10.93 % and -17.71%

for creatinine and urea respectively as compared with control animal

group subjected to radiotherapeutic treatment indicating a protective

effect induced by PIQSA compound.
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Table (18) Effect of the different treatments on plsma creatinine and
            urea levels of normal mice after different treatments:

Treatments
Creatinine

(mg/dl)
Urea

(mg /dl)
Mean ± SD and % of changes

Control 0.91±0.1 63.35±1.5

DMSO 0.87± 0.2(NS)

-4.39*
67.90±3.02 a

7.18*

PIQSA 0.86±3.2(NS)

-5.49*
61.95±2.81(NS)

-2.21*

Irradiation 1.28±4.01 a

40.66*
84.57±2.88 a

33.50*

PIQSA + Irradiation
1.14±3.22 a,b

25.27*
-10.93**

69.59±1.5 a,b

9.85*

-17.71**

Mean of 5 animals /group.
N.S=non significant
* Represents percent changes with respect to control group.
** Represents percent changes with respect to γ-irradiation group.
a: significance vs. control at P<0.05 and (a1) significance vs control at P<0.01.
b: significance vs   γ-irradiation group at P<0.05
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Fig (23): Percent change in plasma Creatinine and Urea
concentration in plasma of normal mice after the different

treatments and experimental conditions.
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Changes in creatinine and Urea Levels In mice bearing
tumors Under the effects of different treatments

and experimental conditions:

Table (19) and figure (24) represent creatinine and urea concentration in

plasma of animal groups bearing tumors under different treatments.

The collected data revealed that in animal group bearing tumors, there

was highly significant elevation in both plasma creatinine and urea

concentrations (p<0.01) as compared to those of the control group.

Chemotherapeutic treatment with PIQSA induced significant decline

in plasma concentrations of the two investigated metabolites (p<0.05) as

compared to animal bearing tumor control group.

Animal bearing tumors group received γ-irradiation treatment showed

a highly significant increase in creatinine concentration (p<0.01),

comparable with non significant elevation in urea concentration as

compared to animal bearing tumor controls.

Animal bearing tumor group administered both of chemotherapy

followed by radiotherapy revealed a significant decline in both

creatinine (p<0.05) and urea (p<0.01) as compared to control animal

group bearing tumors.

It is noteworthy to indicate that the combined treatment modality

reduced the elevation induced by γ-irradiation in both plasma creatinine

and urea concentration (p<0.01) as compared to the irradiated animal

group bearing tumors , and also recorded a significant reduction with

respect to the values in animal bearing tumors (p<0.05) and (p<0.01) for

creatinin and urea respectively.
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Table (19) Effect of the different treatments on plasmacreatinine and
Urea in plasma of mice bearing tumors after different treatments:

Creatinine      (mg/dl) Urea (mg /dl)Treatments
Mean±SD and % of changes

Control 0.91±0.1 63.35±1.5

ESC 1.09±0.10 a1

19.79*
75. 3 0±1.4 a1

18.68*

ESC+ PIQSA
0.99±0.11a, b

8.79*

-9.17**

68.93±1.70 b

8.46*

-8.45**

ESC+ Irradiation
1.33±0.10a2, b1

46.15*

22.08**

83.27±1.10 b

31.44*

10.58**

ESC+ PIQSA+ Irradiation

0.96±0.12 b,c1

5.59*

-11.92**

-27.81***

61.13±0.80 b1, c1

-3.50*

-18.81**

-26.59***

Mean of 5 animals /group.N.S=non significant
*     Percent changes with respect to control group.
**   Percent changes with respect to ESC group.
*** Percent changes with respect to ESC + γ-irradiation group.
a: significance vs. control at P<0.05 and (a1) significance vs control at P<0.001.
b: significance vs   ESC bearing group at P<0.05 and (b1) significance vs  ESC
group at P<0.01 c: significance vs. ESC bearing group + irradiation at p<0.01.
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plasma of mice bearing tumor after different treatments
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Changes in Hematological indexes in normal mice under the
effect of different treatments:

Table (20) as well as Figure (25) presented the effect of different

treatments on hematological parameters of normal mice.

 The collected data showed that the PIQSA treatment and also

treatment with DMSO caused non significant change in hematological

parameters comparing to the normal animal group, except the total

WBCS count recorded significant increase due to chemotherapeutic

treatment (p<0.05) as compared to normal untreated control group.

Irradiation treatment induced a significant decrease in Hb content,

RBCs count and % Lymphocytes (p<0.05). Also, the data revealed those

WBCs and the % of Monocytes and % of neutrophiles recorded highly

significant decrease (p<0.01).

Combined treatment caused significant improvement in most

hematological parameters, where significant increases were recorded in

HB content, RBCs count, percentage monocytes and percentage

lymphocytes (p<0.05).Also, a highly significant increase in percentage

neutrophiles was recorded (p<0.01).

Table (21) as well as Figure (26) indicated the effect of different

treatments on hematological parameters in animals bearing tumors.

The data pointed to that animal group bearing tumors, there were a

highly significant decreases in HB content and RBCs count and also

percentages of Monocytes and Lymphocytes (p<0.05), while a significant
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increase was recorded in total leuokocytic count (p<0.05) and percentage

of neutrophiles comparing to that of the control group.

The collected data indicated that chemotherapeutic treatment with

PIQSA induced insignificant change in Hb content, and RBCs counts,

while WBCs counts exhibited a significant elevation as compared to the

control group (p<0.05). Non significant change was recorded in the

percentage of leucocytic diferential counts as compared to normal control

group.

Whole body exposure to Irradiation treatment resulted in significant

decrease in Hb, WBCs and percentage neutrophiles (p<0.01).the same

trend was recorded with RBCs count, monocytes and lymphocytes

percentages (p<0.05).

In the present investigation, pre-treatment with PIQSA induced a slight

recovery in all hematological parameters as compared to animal bearing

tumor control group. Also a significant increase in Hb content, RBCs

count, Monocytes and lymphocytes percentages (p<0.05), and a highly

significant increase in percentage neutrophiles was recorded (p<0.01), all

as compared to animal group bearing tumors exposed to γ-IR
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Table (20): Hematological parametrs in normal mice after different treatments

Treatments Hb
(g /dl)

RBCs
(x 106/ml)

WBCs
(x103/ml) %   Lymphocytes %

Monocytes
%

Neutrophiles
                                                     Mean±SD and % of changes

Control 10.2± 3.2 7.38±1.76 5.21± 2.99 81.00±6.20 1.8 ±0.89 23.6±5.13

DMSO 10.12±1.18NS

-0.78*
7.16±3.52NS

-2.98*
5.16±3.12NS

-0.95*
80.80±2.77 NS

-0.25*
1.8±1.14 N.S

0*
23.8±1.92NS

-0.85*

PIQSA 9.64±2.72NS

-5.49*
7.05±2.60NS

-4.47*
5.94±2.33 a

1.40*
83±4.95 NS

2.47*
1.7 ±1.14 N.S

-5.55*
24.2±1.92NS

2.54*

Irradiation 9.02±3.23 a

-11.57*
6.60±4.17 a

-10.56*
4.73±1.91 a

-9.21*
73.44±7.73 a

-9.33*
1.4 ±1.09 N.S

-22.22*
16.6±1.1 b

-29.66*

PIQSA +
Irradiation

9.72±2.45 b

-4.71*
7.76***

6.84±3.08 b

-7.32*

3.64***

5.09±2.14 b

-2.30*

7.61***

78.8±9.83 b

-2.72*

14.53***

1.6 ±1.14 a,b

-11.11*

14.28***

21.2±2.58 a,b

-10.17*

27.71***

n=5 animals / experimental group.
Combined treatment =treatment with tested compound and γ-irradiation.
N.S=non significant
* Represents percentage increase or decrease with respect to control value denoted by +ve and –ve signs respectively.
*** Represents percentage increase or decrease with respect to normal animal group subjected to γ-irradiation.
a: significance vs. control.
 b: significance vs. corresponding values in normal group treated with γ-irradiation.
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Table (21): Hematological parameters in mice bearing tumors after different treatments:

Hb
(g /dl)

RBCs
(x 106/ml)

WBCs
(x 103/ml) %       Lymphocytes %

Monocytes
%

NeutrophilsTreatments
                                                     Mean±SD and % of changes

Control 10.2± 3.2 7.38±1.76 5.21± 2.99 81.00±6.20 1.8 ±0.89 23.6±5.13

ESC
8.45±2.07 a

-17.15*
6.05±2.51 a

-18.02*
6.2±3.22 a

19.01*
65.2±11.1 a

-19.51*
1.6±2.03 a

-11.11*
30.2±1.9 a

27.97*

ESC+ PIQSA
9.49±2.26 b

-6.96*
12.31**

6.66±3.8 b

-9.80*
10.08**

6.07±4.67a, b

16.51*
-2.09**

73.20±13.4 b

-9.63*
12.27**

1.7±2.49 NS

-5.56*
-6.25**

25.4±4.16 a1

7.63*
-15.89**

ESC+ Irradiation
6.23±5.01 b

-38.92*
-26.27**

4.55±3.19 b

-38.3*
--24.79**

4.21±2.88 b

-19.19*
-32.09**

57.2±1.8 b

-29.38*
-12.27**

1.00±1.73 b

-44.44*
-37.50**

24.6±4.28NS

4.24*
-18.54**

ESC+ PIQSA+    Irradiation

7.57±2.28 b,c

-25.78*
-10.41**

21.5***

5.67±2.88 c

-23.2**
-6.29**

24.62***

4.94±0.20 b,c

-5.18*
-20.32**

17.34***

63.4±4.06 c

-21.73*
-2.76**
10.84***

1.4±1.14 b,c

-22.22**
12.50**

40***

28.6±4.28 b1

21.19*
-5.29**

16.26***
Mean of 5 animals /group.
N.S=non significant
*     Percent changes with respect to control group.
**   Percent changes with respect to ESC group.
*** Percent changes with respect to ESC+γ-irradiation group.
 a: significance vs. control at P<0.05 and (a1) significance vs control at P<0.001.
 b: significance vs   ESC bearing group at P<0.05 and (b1) significance vs  ESC group at P<0.01
                   c: significance vs. ESC bearing group + irradiation at p<0.05.
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Figure (25) Hematological parameters in normal mice after different
reatments
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Figure (26): Hematological parameters in mice bearing tumors after
different treatments
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Discussion
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Cancer is the leading cause of mortality worldwide, and the

failure of conventional chemotherapy in inducing the mortality rate

indicates that new approaches are critically needed. The new and recent

approaches of chemotherapy serve as an attractive alternative to control

malignancy (Rajkapoor et al., 2007) and the search for new therapeutic

agents in this field has been prompted (Faidallah et al .,2007).

Quinoline derivatives are important biologically active

compounds with antibacterial (Ghorab et al., 2001, Abdel-Gawad et al

.2005 & El-Gaby et al., 2006) and, anticancer activity (Gobal et al.,

2003, Kim et al., 2005; Zhao et al., 2005; Kouznetsov et al., 2006 &

Chen et al., 2006). On the other hand, among the wide range of

compounds tested as anticancer agents, sulfonamides have attracted great

attention as many sulfonamide derivatives. They reported that these

compounds have interesting anticancer activity (Ghorab et al., 2007),

which interact with a wide range of different cellular targets (Hu et al.,

2008).

Many investigations developed and synthesized new set of

sulfonamide derivatives of potential antitumor agents and are evaluated

for their ability to inhibit human HDAC activity in human tumor cell

lines Bouchain et al. (2003), Angibaud et al. (2005), Finn et al. (2005)

Jaiswal, et al. (2006), Ghorab, et al. (2006), Ghorab et al. (2007), and

Oh et al. (2007), synthesized several pyrrole and pyridine sulfonamides

and evaluated their antitumor and radioprotective activities. It was found

that some of them displayed more potent antitumor activities than the

reference drug, doxorubicin. The novel 4-(quinolin-1-yl) derivatives were

synthesized and published as a benzenesulfonamide
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and were evaluated for their anticancer activity through curtsy of Ghorab

and his colleagues (Ghorab et al., 2007).

In-Vitro Studies
Current study, demonstrated the in-vitro anti-tumor activity of the

novel sulfonamide compounds related to quinoline derivatives

(compounds: 1,2and 3) and the pyrimido, quinoline sulfonamide PIQSA

compound.

The in vitro results of the present work revealed that these

compounds exhibited a significant antitumor activity against Ehrlish

ascites carcinoma cell lines (EAC) using trypan blue exclusion test

and exhibited IC50 0.163, 0.184, 0.194 and 0.091µM/ml respectively.

The results also confirmed that the pyrimido (4, 5-b) quinoline

sulfonamide (PIQSA compound) has a broad spectrum of antitumor

activity compared to the other three quinoline derivatives

(compounds 1, 2, 3), thus further investigations were assessed against

three human cell lines, [lung carcinoma cell lines (H460), brain

carcinoma cell lines (U251) and hepatic carcinoma cell lines (HepG2)]

using MTT assay for 24 hours incubation. The results revealed that

the PIQSA compound suppressed the growth of all cancer cell lines

after 24 hours incubation with IC50 20, 50 and 55 µM/ml for the

three cell lines respectively. This conclsion indictes that, this

compound possesses the in-vitro anti-tumor activity against the three

human cell lines.

Previous investigations elucidated that the in vitro(Johnstone,

2003)  and in vivo (Marks et al., 2001) cytotoxic effect of

HDACIsincluding the sulfonamide compounds was attributed to a
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variable extent, to the induction of growth arrest, differentiation and/or

apoptosis. The particular response to HDACIs varies according to the

tumor cell type, the HDACI used and the treatment modality

Dokmanovic, et al. (2007) & Bhalla and List (2004).

HDAC inhibitors are able to induce cell cycle arrest followed by

differentiation or apoptosis (Marks et al., 2000) .This effect is due to

either acetylation of core histones and consequent generation of ‘‘open’’

chromatin areas, which favor transcription (Jenuwein and Allis, 2001).

Rocchi et al., (2005) Suggested that p21 could be involved in the

inhibition of proliferation and induction of differentiation in human

cancer cell lines induced by treatment with HDACIs. Vigushin &

Coombes (2002) postulated that, the alteration of HDAC expression due

to Cyclin-dependent kinase inhibitor p21WAF/CIP1 which was one of the

most transcribed genes due to the effect of HDACIs treatment.

Lindemann et al. (2004) & Mukhopadhyay et al. (2006)

reported that, HDAC inhibitors exert their antitumor activity via

induction of cell cycle arrest in G1 or

G2 /M followed by differentiation or apoptosis of various tumor

types with little or no toxicity against normal cells. They reported that,

inhibition of HDACs has been shown to induce p21cip1 in a p53-

dependent manner, resulting in cell cycle arrest and apoptosis, although

for some cell lines induction of apoptosis seems to be p53 independent.

In addition HDACIs increase histone H4 acetylation and expression of

p21 without significant effect on p16, p27, CDK2 and cyclin D1.

Entin-Meer et al. (2005), attributed the in vitro antitumor activity of

HDACIs to the hyperacetylation of histones, increased p21Cip1
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expression, inhibition of proliferation, and enhancement of apoptosis

through the caspase-regulated pathways, [receptor-mediated (caspase-8)

and mitochondria-mediated (caspase-9)] which participated in HDACI-

induced cell death. On the other hand, Komata et al. (2005) revealed that

HDAC inhibitors causes DNA fragmentation and consequently cell death

via induction of caspase-8 apoptosis with or without p21-mediated G1

arrest.

Piekarz and Bates (2004) showed that, HDAC inhibitors induce

their antiproliferative activity in vitro and in vivo via induction of

apoptosis and loss of cell proliferation which appeared to be associated

with a decrease in anti-apoptotic protein BcL-x1 and increased

expression of the pro-apoptotic factor, The Bcl-2-associated death

promoter, (BAD)

in vivo studies:
The present in vivo experiments carried out during this work,

to examine the acute toxicity relating to the determination of LD50 of

the tested compound (PIQSA compound) performed on Swiss albino

mice. The drug was administered intraperitoneally and the LD50

value was found to be 0.670 mg /kg body weight.

The discussion of the present results was based on the three

treatment modalities tested on the experimental animal models. The

first treatment was chemotherapeutic modality treatment using the

novel PIQSA compound to define its anti-tumor efficacy against ESC

tumor cells in treated mice ,the second modality, was  radiotherapy

and finally, the third was the combined modality treatment to clarify

the enhanced response of ESC cells to radiation therapy. In the three
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modalities, the experimental animals bearing ESC tumors were

treated with either ip injection with the tested compound at a dose

level of 350 mg/kg B.wt repeated day after day along the period of

treatment or on those subjected to the three γ radiation doses each of

2Gy at the last week of the experiment, or exposed to the two

previous modalities together.

The recorded data of the main tumor weights were 2.83 g, 2.6

g, 1.74 g in the mice receiving the three modalities of treatment

respectively, compared to 4.61g in tumor bearing control animals.

Also, the recorded main tumor volumes in the same treated groups

were 1.13 mm3, 1.07 mm3, and 1.02 mm3 respectively compared to

1.32 mm3 in the tumor bearing control animals.

It was illustrated that the reduction in body weight gain and the

decrease in tumor volume are of the criteria for judging of any antitumor

activity drugs (Kumar et al., 2007 & Gupta, et al., 2004).

Depending on the above findings Kumar et al. (2007) &Gupta et

al. (2004) and in view of our results, we could conclude that the PIQSA

compound exhibited an anti-tumor activity against ESC tumors.

These results are in agreement with those of Baradari et al.

(2006) Buggy, et al. (2006) & Ungerstedt, et al. (2005) who clarified that

HDAC inhibitors have already been demonstrated to inhibit the growth

of several tumors in vitro and in vivo.

Ungerstedt, et al. (2005) showed that the two HDACIs, (SAHA)

and (NS-275) exhibited their antitumor activity in tumor bearing animals
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against both hematological and solid tumors. They attributed this effect

to the induction of apoptosis due to accumulation of reactive oxygen

spieces (ROS) which had a marked increased effect on caspase activity

and then consequent activation of the mitochondrial pathway via

activation of cytochrome c. Also, Baradari et al. (2006) evaluated the

antineoplastic effects of three different histone deacetylase inhibitors,

trichostatin A (TSA), sodium butyrate (NaB), and MS-275. They

proposed a mechanism that exerts the antiproliferative action of these

mentioned HDACIs. This mechanism involves the accumulation of

acetylated histones, which leads to activation of the transcription of

various genes whose expression causes inhibition or repression of tumor

cell growth.

Buggy et al. (2006) examined the antiproliferative effect of

HDACI (CRA-024781) in vitro and in vivo. They indicated that HDACI

treatment induced statistically significant reduction in tumor growth as

measured by the decrease in body weight, accompanied by an alteration

in the expression of many genes in the tumors, including several genes

involved in apoptosis and cell growth which considered being one of the

antiproliferative mechanisms. They also mentioned that, growth

inhibition was accompanied by changes in several known biomarkers of

HDAC response. These biomarkers included the accumulation of

acetylated histones, accumulation of the tumor suppressor protein

p21Cip1/WAF1, and the generation of cleaved PARP fragment and

phosphorylated H2AX (H2AX), two known markers of apoptosis.

Mühlethaler-Mottet (2008) reported that, the anti-tumor activity

of HDACIs was involved in the induction of cell cycle arrest in the G2/M
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phase, followed by the activation of the intrinsic apoptotic pathway, via

the activation of the caspases cascade.

Rosato et al. (2008) predicted that the antiproliferative effect of

HDACIs was attributed to the early HDACI-induced ROS generation

followed by dramatically potentiation of apoptosis and modulation of

DNA repair processes in potentiation of nucleoside analogue-mediated

DNA damage.

In-vivo Co-treatment (HDACIs and IR)
The use of ionizing radiation in cancer therapy may lead to

transient and/or permanent injury to normal tissues within the treatment

field. The magnitude of damage depends on both the volume of tissue

irradiated and the dose of radiation delivered (Kopjar et al., 2006).

An important challenge to modern radiation therapy is to increase

the tolerance of normal tissues, in order to improve the quality of life of

the patients, and to enhance local tumor control using dose escalation and

/or new biological radiosensitizers (Weichselbaum, 2005).

Although the use of molecularly targeted agents has received

considerable attention as a cancer treatment strategy, to date, most of

these agents have been found to be primarily cytostatic when used against

solid tumors (Korn et al., 2001). However, in some cases, these agents

are directed against molecules/targets that can also affect radiosensitivity,

suggesting that advantages could be obtained through the combination

with radiotherapy (Camphausen et al., 2004).

Regarding to the present results of combined treatments in the

current investigation, it is clear that PIQSA compound and IR co-

treatment caused a greater reduction in both the final mean of tumor
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weight and final mean tumor volume as compared to any of the

individual modalities, indicating that the compound enhanced the in vivo

sensitivity of ESC tumor cells to radiation.

These results concord those of the previous studies which

revealed the radiosensitizing abilities of various HDACIs, as mentioned

by Zhang et al. (2004), Tang et al. (2004) and Camphausen et al.

(2005).

Pre-treatment or coadministration of different HDACIs has been

shown to augment radiosensivity in prostate carcinoma (Chinnaiyan et

al., 2005) & Camphausen et al., 2005) glioma (Camphausen et al.,

2005), squamous carcinoma (Zhang, et al., 2004), and melanoma

(Munshi et al., 2005). However, the mechanism responsible for

enhanced IR response after inhibition of histone deacetylases has not

been clearly defined.

One explanation for HDACIs -mediated radiosensitization lies in

HDACIs impact on chromatin structure: HDACIs facilitate

decondensation of chromatin; relaxed chromatin has been reported to be

generally more sensitive to IR as proposed by Ljungman (1991) &

Nackerdien et al. (1989).

Sonnemann et al. (2006) demonstrated the capacity of HDACIs

to enhance IR induced cytotoxicity in tumor cells. In fact, a dose of 20

Gy after pre-treatment with HDACIs was as effective in cell killing as a

dose of 40 Gy without pre-treatment. Similar favorable interactions

between HDACIs and IR have been described in few Studies.
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Chinnaiyan et al. (2008) indicated that HDAC inhibitor valproic

acid (VA) enhances radiosensitivity at times up to 24 h after irradiation.

They concluded that the HDACI enhanced radiosensitivity appeared to

be due to the  accumulation of cells in G2-M following irradiation,

although they returned to baseline at 24 h, mitigating the role of cell cycle

redistribution in post irradiation sensitization by VA.

The efficacy of the combination of HDACI (AN-9) and radiation

on growth inhibition was in vivo explored by Entin-Meer et al. (2007),

(Munshi, et al. (2005) & Camphausen et al. (2005) .They found that

significant inhibition in tumor growth due to enhancement response to γ-

IR was accompanied by inhibition of cellular proliferation and increased

phosphorylation which lead to implication of DNA double strand breaks.

Kim et al. (2006) suggested that the presence of p53 protein may

augment the radiosensitization of cancer cells by HDACI (TSA), and this

may be the first to implicate p53 in sensitizing cancer cells to radiation

combined with HDACIs. HDACs have previously been linked to the

regulation of p53, a key molecule in cellular response to DNA damage

(Juan, 2000). Moreover, Chinnaiyan et al. (2005) reported that HDACI

(Suberoylanilide hydroxamic acid) is known to enhance radiation-

induced apoptosis and to attenuate several oncoproteins and DNA repair

proteins.

Camphausen & Tofilon (2007) suggested that histone

hyperacetylation plays a specific mechanistic role in radiosensitization,

and could be used as a marker in the design of in-vivo antitumor protocol

combining HDACIs and IR.

Chen & Cepko, (2007) found that HDAC inhibition relaxes
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chromatin structure, which in turn affects gene transcription. Each of

these processes individually has been implicated in the regulation of

radiosensitivity. They also concluded that their results pointed to that

accumulation of cells in a radiosensitive phase of the cell cycle or an

increase in apoptotic cells death is not responsible for the

radiosensitization induced by the HDACI (MS-275).

Herein, also, the present study further discussed the cellular

responses associated with HDACIs treatment, including induction of

apoptosis, DNA fragmentation, inhibition of HDAC, and arresting

the cell cycle particularly in G1 phase.

Histone Deacetylase Inhibition:
HDACs regulate the expression and the activity of many proteins

involved in cancer initiation and progression. HDACs affect gene

expression by deacetylation of histones and transcription factors, and also

deacetylate numerous other cellular proteins involved in cell growth, cell

migration, apoptosis and differentiation (Marks and Breslow, 2007;

Glozak &Seto, 2007 and  Xu et al., 2007).

Acetylation and deacetylation of histones play an important role

in the regulation of gene transcription and in the modulation of chromatin

structure (Gallinari et al., 2007). The equilibrium of steady-state

acetylation is tightly controlled by the antagonistic effects of histone

acetyltransferases (HATs) and HDACs. Aberrant gene expression

resulting in functional inactivation of HAT activity or overexpression of

HDACs can mediate tumor cell proliferation (Baradari et al., 2006) and

deregulation of HDAC recruitment to promoters contributes to

tumorigenesis (Monneret, 2005).
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Restraining HDAC activity and preventing the deacetylation of

histone may induce Hyperacetylation of histone, then unfolding ordered

chromosome and promote transcription factors combined with DNA, so

genes which are inhibited can express and exert the effect of cure tumor

(Brown & Strathdee, 2002). HDAC enzymes remove the acetyl group

from the histone (hypoacetylation), thereby decrease the space between

the nucleosome and the DNA wrapped around it, diminishing

transcription factor access and leading to transcriptional repression

(Kimet al., 2003).

In the present study, the effects of the three treatment modalities

including chemotherapeutic treatment with PIQSA, IR treatment

modality and also the synergism of the investigated compound with

IR (combined effect) on the HDAC enzyme activity were evaluated.

Regarding to the biochemical analysis  and evaluation of the data, it

seems clear that the chemotherapeutic treatment using the

investigated compound resulted in inhibition in the enzyme activity

with percentage change  amounted -16.28% from tumor bearing

control group, while irradiation induced a non significant inhibition

in the enzyme activity.

The resu lted of inhibition of the enzyme activity under the effect of

PIQSA compound treatment is in harmony with the finding of others

(Pandolfi, 2001; Johnstone and Licht, 2003; Gui et al., 2004; Graham

et al., 2006, Glaser,2007 and Marchion &  Münster, 2007).
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Pandolfi, (2001) reported that, inhibition of HDAC function can release

dysregulation of genes involved in cell cycle progression, differentiation,

and apoptosis. The author concluded that, HDAC inhibitors block

deacetylation function, causing cell cycle arrest, differentiation, and/or

apoptosis of many tumors. Also, Johnstone and Licht, (2003) postulated

that defective cell cycle checkpoint regulation of neoplastic cells may

render them susceptible to HDAC inhibition-induced apoptosis.

Also, Horn & Peterson (2002) and Brower-Toland et al. (2002),

elucidated that inhibition of HDAC increases histone acetylation and

maintain chromatin structure in a more open conformation. This

conformational change may lead to restoration of transcriptionally

silenced pathways or suppression of aberrantly expressed genes through

recruitment of repressor proteins. Plumb, et al. (2003) mentioned that

inhibition of tumor growth is associated with a marked increase in

histone acetylation in the tumor, and this is mirrored by increased

acetylation of histones in peripheral blood mononuclear cells.

Previously, it was mentioned that the alterations in HDAC genes have

been demonstrated in cancer, the association of HDACs with various

oncogenes and tumor suppressor genes is now well established, as is the

potential for HDAC involvement in tumorigenesis(Kristeleit et al., 2005).

Gui et al. (2004), proved the importance of HDAC inhibition in relation

to gene expression. They reported that HDACIs induce changes in only a

small number of genes (1-7%) in the colon carcinoma cell line comparing

to the changes of gene expression after exposure to different HDACIs.

They found that both agents influence identical gene groups, indicating

the importance of the inhibition of HDAC in relation to gene expression.
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Baradari et al. (2006) attributed the antiproliferative effect of the

HDACIs (SAHA ,TSA and MS- 275) against the gastrointestinal cancer

cell lines to the accumulation of acetylated histones, consequently HDAC

inhibition leads to activation of the transcription of various genes whose

expression causes inhibition or repression of tumor cell growth.

This is supported by gene expression profiling of cells cultured in the

presence of HDAC inhibitors, visualizing an altered expression of a small

number of genes, which are associated with apoptosis, differentiation,

and cell cycle regulation (Komatsu et al., 2006).

In the present work, the enhanced in vivo efficacy of the combined

treatment was evaluated. The statistical analysis revealed that the

combination regimen augmented the radiation-histone deacetylation

inhibition by -13.96% compared to the tumor bearing control group,

and -11.41% from the irradiated group bearing tumor, confirming

the possibility of the PIQSA compound to radiosynthetize the ESC

tumor cells to γ-irradiation.

Data reported herein, are in accordance with results of others (Lucio-

Eterovic et al., 2008; Entin-Meer et al., 2007, Entin-Meer et al., 2005;

Camphausen et al., 2005) who reported the in-vivo radiosensitizing

effect of HDACIs in different human malignant cell lines.

Since DNA is the principal target of ionizing radiation, DNA repair

machineries are closely related with cellular radiosensitivity (Kim et al.,

2004). They measured the magnitude of the radiosensitizing effect of

HDACI (TSA) on human cancer cell lines. Depending on their

observations, they concluded that enhancement of radiosensitivity by

HDACI (TSA) was characteristic of individual cell lines, i.e fraction
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surviving factor (SF2) of the tumor cell line used which was significantly

decreased by increasing TSA concentration. They also suggested a dose-

response relationship between TSA concentration and

radiosensitization.ATM and ATR are thought to act as sensors of DNA

damage, and there are evidences that HDAC is associated with ATM and

ATR in vitro and in vivo (Kim, et al., 1999 & Schmidt and Schreiber,

1999).

 Kao and his coworkers in 2003 reported that HDAC is involved in DNA

repair and G2 checkpoint (Kao et al., 2003).So it might be hypothesized

that HDACI interferes HDAC-associated-repair machineries. Also , Li et

al. (2002) mentioned that,p53,a downstream molecule of ATM is one of

key molecules in cellular response to ionizing radiation,DNA-damaging

agents, such as HDACIs and ionizing radiation, are known to induce

acetylation as well as phosphorylation of p53.Acetylation of p53

enhances its stability and function, and is regulated by balance between

HAT and HDAC (Li et al., 2002 ).Previous study showed that inhibition

of p53 by silent information regulator (SIR2) is associated with enhanced

cellular survival after DNA-damaging stress (Luo et al., 2001). SIR2

functions as an NAD-dependent HDAC, and its deacetylase activity is

not inhibited by TSA (Yoshida et al., 2001). Another study showed that

the abolishment of SIR2 activity significantly enhanced by γ-ray-induced

cellular lethality (Vaziri et al., 2001).

Camphausen et al. (2004) reported that HDAC modulates chromatin

structure and gene expression, parameters considered to influence the

radioresponse. Their results indicated that the HDAIS used in their work

enhanced the radiation-induced cell killing in two human cell lines and
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suggesting that the effect is not tumor-type specific and may serve as a

general strategy for enhancing tumor cell radiosensitivity.

Also, Paide et al. (2001), and Arundel et al. (1985) stated that the

HDACIs, (NaB) and (TASA) enhanced radiosensitivity; the sensitizing

effect of these compounds has not been correlated directly to histone

acetylation status.Moreovere, they concluded that HDAI-induced

sensitization was attributed to cell differentiation, whether histone

acetylation status was affected at the radiosensitizing dose or on the

treatment time in the cell model examined was not addressed.

Biade, et al. (2001) reported that HDACI (trichostatin A) exposure

causes cells to accumulate in mitosis, a radiosensitive phase of the cell

cycle, which complicates the mechanistic interpretation of the observed

radiosensitization. To our knowledge, these results, although seem to be

far from establishing a causal relationship, demonstrate a correlation

between HDACI (MS-275) induced hyperacetylation and the

enhancement of radiosensitivity. Rogakou et al. (1998) mentioned that

repair of DNA DSBs is critical event in determining radiosensitivity and

H2AX expression has been established previously as a sensitive indicator

of DSBs induced by clinically relevant doses of ionizing radiation.

Evaluation of DNA fragmentation:
DNA fragmentation is a hallmark of apoptosis (Wyllie et al. 1980). It was

recognized that apoptotic DNA fragmentation is carried out by a

heterodimeric protein complex called DNA fragmentation factor (DFF)

(Liu, et al. 1998) or caspase-activated DNase (CAD) (Enari et al., 1998;

Sakahira et al., 1998).
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Under normal circumstances, DFF40/CAD is complexed with

DFF45/ICAD, so its DNase activity is inhibited (Enari et al., 1998; Liu

et al., 1998 and Liu et al., 1997). When apoptosis is initiated, the

activated caspase cleaves DFF45/ICAD, and DFF40/CAD is released

into the nucleus to carry out DNA fragmentation.

Hsieh et al. (2003) mentioned that the genes encoding the nuclease that

are responsible for the fragmentation of DNA during apoptosis,

DFF40/CAD and DFF45/ICAD, are aberrantly expressed in many tumor

types. In addition, the abnormalities in this gene are associated with poor

prognosis in cancer patients. Most significantly, tumor-specific DFF45

gene mutations or deletions were identified in human germ cell tumors

and neuroblastoma tumors from patients (Abel et al. 2004 & Abel, et

al.,2002), indicating the involvement of this gene in tumor development.

Production of DNA damage is the basis of cancer treatments such as

chemo- and radiotherapy. Such treatments induce mitotic catastrophe, a

form of cell death resulting from abnormal mitosis and leading to the

formation of interphase cells with multiple micronuclei (Driessens et al.,

2003).

DNA fragmentation factor plays an important role for maintaining

genomic stability. Inhibition or loss of the DNA fragmentation factor

(DFF)/caspase-activated DNase (CAD), whose nuclease activity is

responsible for digesting genomic DNA during apoptosis, led to

significant increases in spontaneous or induced gene mutations, gene

amplifications, and chromosomal instability in primary mouse cells and

transformed human cell lines (Yan et al., 2006).
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In view of our results, there was a significant increase in nuclear

DNA degradation after chemical treatment with PIQSA compound

as well as irradiation treatment where the percentages change of

DNA degradation amounted 15.12% and 40.64% respectively. On

the other hand, the co-treatment regimen resulted in the most

pronounced DNA degradation with percentage amounted 61.76%

comparable with 8.52% in ESC bearing control group, and 40.64%

in ESC bearing animals received  irradiation treatment. Thus, in a

more precise manner, it is possible to conclude that the combined

regimen augmented the induction of apoptosis and also considered as

an indication that this modality treatment has the possibility to

increase the effectiveness of radiation in ESC tumor cells.

Additional scientific confirmation to our results considering the effect of

anticancer drugs and IR on DNA fragmentation was reported by RHO et

al. (2005), Suzuki et al. (2003), and Kamitani et al. (2002).

Yan et al. (2006) explored the potential relationship between apoptotic

DNA fragmentation and tumor development. They reasoned that the

process involved in the destruction of genomic DNA might have a direct

effect on genomic integrity, especially when cells are under assault from

DNA-damaging agents. This effect on genomic instability may be

responsible for the observed association between DFF abnormality and

cancer. Such a relationship is consistent on the base that genomic

instability is an important factor during carcinogenesis/malignant tumor

development. Also, Yan et al. (2006) indicated that impairment of DNA

fragmentation leads to increased genetic instability, cellular

transformation, and susceptibility to radiation carcinogenesis. They
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suggested that DNA fragmentation factor may play important role in

maintaining genetic stability and preventing tumorigenesis.

Suzuki et al. (2003) demonstrated that ionizing radiation can induce

numerous effects in cells including among others, the DNA degradation.

Vávrová et al. (2002) elucidated that the strategy deal with damaged

DNA can be divided into three components: The recognition of the

injured DNA.The period of damage assessment, and DNA repair or cell

death. Indirect explanation to the effect of anticancer drugs in induction

of apoptotic DNA fragmentation was revealed by Kamitani et al. (2002)

and concluded that treatment of human tumor cell lines with HDACIs

suppress cell growth with decreasing DNA synthesis and stimulate

apoptosis and that was associated with mechanisms responsible for these

effects including increased histone acetylation as well as enhanced

expression of p21 and gelsolin.

Another explanation recorded by Higuchi ( 2003) who attributed IR-

induced apoptosis to the oxidative stress and the production of reactive

oxygen species (ROS) which induce chromatin dysfunction such as

single-and double-strand DNA fragmentation leading to cell death

through apoptosis or necrosis. More than 1 Mbp giant DNA, 200–800 or

50–300 kbp high molecular weight (HMW) DNA and internucleosomal

DNA fragments are produced by oxidative stress and by some agents

producing ROS during apoptosis or necrosis in several types of

mammalian cells. Also, Widlak & Garrard (2005) showed that, the

sequential generation of large chromatin fragments followed by

internucleosomal fragmentation due to the effect of γ-IR or chemical

agents is a biochemical hallmark of apoptosis. This genomic DNA



189

fragmentation is correlated with chromatin condensation and nuclear

breakdown. They concluded with others (Kalinowska-Herok and

Widlak, 2008) that the major nuclease primarily responsible for

internucleosomal chromatin fragmentation is DNA fragmentation factor

(DFF), also termed caspase-activated DNase (CAD).

Evaluation of induction of apoptosis under different

treatment modalities:
Since DNA fragmentation does not differentiate between apoptotic and

necrotic cell death, the apoptotic effect of treatment regimen was verified

biochemically and histochmically by fluorescent microscopic

investigation.

In the present study, it was observed for the first time that, in ESC

bearing group, there were 8% necrotic cells, and 27.6% apoptosis.

For the first time, the results displayed an induction of growth

inhibition which was accompanied by an increase in both apoptotic

cells and also the number of necrotic cells due to using PIQSA

compound treatment modality, IR treatment modality and combined

treatment modality.  The percentage of apoptotic cells amounted

32%, 56% and, 80%  for the three modalities which was

accompanied by a slight necrosis amounted by 15 %, 18 % and 10 %

for chemical treatment,IR treatment and combined treatment

respectively comparing with ESC bearing control group.

It was mentioned that inhibition of HDACs will activate the silenced

genes, contributing to growth arrest, differentiation, and/or apoptosis of

transformed cells. Treatment with HDAC inhibitors triggers both the
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intrinsic and sensitizes tumor cells to the death ligands that initiate the

extrinsic pathway of apoptosis (Bhalla and List, 2004).

Additional justification of our results were given by previous

investigators who elucidated that several HDAC inhibitors, including SB,

SAHA, and MS-275, induce mitochondrial permeability transition, in

which pro-apoptotic molecules, such as cytochrome c, are released into

the cytosol, resulting in eventual activation of caspase-dependent

apoptotic cascades (both receptor- and mitochondria-mediated) (Rosato

et al., 2001, Aron et al., 2003; Nguyen et al., 2003; Guo et al. 2004).

Up-regulation and induction of a conformational change of the pro-

apoptotic proteins are some of the HDAC inhibitor-induced upstream

events that may trigger the mitochondrial pathway of apoptosis, as

described for HDACIs ( MS-275 and SB) or, as proposed in case of

SAHA, may not require key caspases such as caspase-8 and caspase-3

(Lucas et al., 2004).

Baradari, et al (2006) stated that, treatment with HDACIs (NaB, MS-

275,and TSA) strongly induced apoptotic cell death which was

accompanied by dramatic increase of caspase-3 activity and DNA

fragmentation .The present data  are agreed with that of Baradari and his

coworkers (2006) who revealed that, the increase of apoptosis was

accompanied with noticeable elevation in DNA fragmentation. Therefore

the present results could justify that the predominant form of cell death is

likely apoptosis since evidences of apoptotic cell death was seen initially.

Also, Baradari et al., (2006) evidenced that, HDACIs don’t affect the

cell membrane integrity. Also depending on the determination of LDH

release in tumor cell- culture media they concluded that HDACIs don’t

have immediate necrotic effect even at high concentration. Consequently,
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they attributed the apoptotic effect noticed in their work to activate both

the extrinsic apoptosis pathway, via the increased Fas and Fas ligand

(FasL) expression, activation of caspase-8, and cleavage of Bid in

addition to the intrinsic mitochondrial pathway.

Ruefli et al. (2001) postulated the mechanisms of cell death mediated by

transcriptional events that result in the cleavage of Bid, disruption of the

mitochondrial membrane, and production of reactive oxygen species

(ROS) to induce cell death. The same direction of results for induction of

apoptosis was proved by Entin-Meer et al. (2005) who reported that the

HDACI (AN-9) treatment induced activities of both caspase-8 and

caspase-9 suggesting that both death receptor and mitochondria-mediated

pathway of apoptosis triggered cell death.

On the other hand, Garcia-Morales et al. (2005) referred the induction of

apoptosis by histone to a serine protease-dependent and caspase

independent mechanism. Initially, histone deacetylase inhibitors increase

Bax protein levels without affecting Bcl-2 levels. Consequently, the

apoptosis-inducing factor (AIF) and Omi/HtrA2 are released from the

mitochondria, with the subsequent induction of the apoptotic program.

These phenomena require AIF relocalization into the nuclei to induce

DNA fragmentation and a serine protease activity of Omi/HtrA2.

Choi (2005) mentioned that apoptosis of a human lung carcinoma cell

line by a HDACI ( TSA) was associated with a down-regulation of anti-

apoptotic Bcl-2 protein and an up-regulation of pro-apoptotic Bax

protein. TSA treatment induced the proteolytic activation of caspase-3

and caspase-9, and a concomitant degradation of poly (ADP-ribose)-

polymerase protein.
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Gillenwater el al. (2007) revealed that HDACI suberoyl anilide

hydroxamic acid (SAHA), activated both extrinsic and intrinsic apoptosis

pathway. The same trend of results was supported by Maggio et al.

(2004) and Roh et al. (2004) who elucidated that the three HDACIs

SAHA, NaB and MS-275 triggered the intrinsic pathways. They also,

concluded that these compounds synthesize tumor cells to the death

ligands that initiate the extrinsic pathway of apoptosis and also induced

mitochondrial permeability transition with subsequent release of pro-

apoptotic cytochrome-c into the cytosol, resulting in activation of

caspase-9 and caspase-3 thereby executing apoptosis.

Another intracellular system exist which plays an important role in

response to stress stimuli and cause an increase in ROS is the thioredoxin

(Trx) reduction-oxidation system. Trx protein can function as a hydrogen

donor for many protein targets and an active scavenger of ROS (Arner et

al., 2000). Many cancer cells have low levels of Trx, whereas others have

higher levels of the protein (Shao et al., 2001). It has been reported that

HDAC inhibitors can induce the expression of Trx binding protein 2

(TBP-2) mRNA in transformed cells (Butler et al., 2002). TBP-2 protein

binds to and inactivates reduced Trx. Ungerstedt et al.(2005)

demonstrated that HDAC inhibitors induce an accumulation of ROS in

the transformed but not normal cells and a marked increase in caspase

activity in the transformed cells but no change in normal cells.  They also

found that HDAC inhibitors induce an increase in Trx protein in normal

cell lines but not in the transformed cells while induce increased

expression of TBP2 with an associated decrease in the reduced Trx level

in transformed cells. Arner et al.(2000) stated that the level of reduced
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Trx appears to play an important role in the resistant or sensitivity of

normal and some transformed cells to HDAC inhibitors and  that

transformed cells with higher level of reduced Trx are relatively resistant

to cytotoxic agents. These studies provide evidences for an important role

of Trx in the resistance of normal cells and the sensitivity of transformed

cells to death caused by HDACI and possibly other anticancer agents that

produce ROS (Ungerstedt et al., 2005).

In the present study, investigation of the effect of γ-irradiation on

induction of apoptosis in ESC tumor cells was also done. The results

as indicated above revealed that γ-irradiation treatment exhibited a

significant induction of apoptosis.

This trend was supported by the previous findings of Belka, et al. (2004),

Schmidt-Ullrich, et al. (2000), and Baierlein, et al (2006), who

confirmed that ionizing radiation induces apoptosis by an “intrinsic”,

mitochondria-dependent pathway. Ligation of tumor necrosis factor-

(TNF-) α, FAS (CD95) or TRAIL receptors is typical representatives of

an extrinsic, death-receptor-mediated pathway.

On the other hand, Belka ,et al. (2004)&Schmidt-Ullrich et al. (2000);

illustrated that radiation-induced apoptotic signaling can attribute to

efficacy of IR to initiation in different cellular compartments, including

the nucleus, cytosolic elements, or plasma membrane  .They mentioned

that, in response to nuclear DNA damage, the tumor suppressor protein

p53 plays a pivotal role in causing cell cycle arrest and in triggering DNA

repair, although p53-independent pathways also exist (Vousden and Lu

2002). In addition, ROS are generated on radiation, which can engage the

mitochondrial pathway of apoptosis (Schmidt-Ullrich et al., 2000).



194

 The damage response to ionizing radiation also involves activation of

the stress-activated protein kinase or c-Jun NH2-terminal kinase

signaling pathway (Schmidt-Ullrich et al., 2000). Moreover, ionizing

radiation has been shown to act on the plasma membrane where free

radical species may inflict lipid oxidative damage, leading to generation

of bioactive molecules, such as Ceramide (Schmidt-Ullrich et al., 2000).

These signaling cascades eventually fuel into a common effector phase

of apoptosis characterized by activation of caspases as death effector

molecules (Belka et al., 2004).

However, caspase-independent apoptosis and nonapoptotic modes of cell

death on irradiation have also been described by Belka, et al. (2004) &

Schmidt-Ullrich et al. (2000).DNA damage leads to a coordinate

network of signal transduction pathways involved in cell cycle arrest and

apoptosis (Watters, 1999). If the damage sustained is too great the cell

undergoes apoptosis (Watters et al., 1999). It is of interest that many of

the components of the DNA damage response signalling system are

targets of caspases activated in apoptosis. These include

PARP(Lazebnic,et al.1994) DNA-PK(Song et al., 1996) Rb (Chen et al.,

1997 & Tan et al.,1997) replication factor C (RFC) (Song et al., 1997)

and ATM (Lu et al., 1998). This makes sense in that it ensures that once

the decision to die has been made, no energy is wasted on abortive

repair/signalling mechanisms (Watters et al., 1999).

P53 tumor suppressor plays an important role in the cellular response to

radiation-induced DNA damage (Bristow et al.,1996) . P53 either

induces G1 arrest by inducing transcription of the cyclin-dependent
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kinase (cdk) inhibitor p21Cip1, allowing time for DNA repair, or

eliminates cells by triggering apoptosis. P53-induced apoptosis is thought

to occur through its ability to induce proapoptotic Bcl-2 family members,

including Bax, Noxa, and Puma as mentioned previously by Vousden &

Lu, (2002). Prives and Hall, (1999) mentioned that due to an inhibitory

interaction with HDM2 that targets p53 for degradation , after radiation-

induced DNA damage, p53 undergoes posttranslational modifications,

such as phosphorylation at Ser15, that stabilize the p53 protein by

inhibiting its binding to HDM2 (Haupt et al., 1997). Consequently, p53

accumulates rapidly and activates downstream target genes encoding p21

(a cell cycle inhibitor), Bax (a proapoptotic protein), and other proteins

(Sun et al., 2005 & Prives and Hall (1999).

Certain mouse cell types lacking Apaf-1 or caspase-9 are resistant to both

p53-induced apoptosis (Soengas et al., 1999) and killing by ionizing

radiation or cytotoxic drugs (Cecconi et al., 1998, Yoshida et al., 1998;

Hakem et al., 1998 and  Kuida et al., 1998). These observations support

a model in which ionizing radiation and cytotoxic drugs trigger apoptosis

via p53 and Apaf-1–mediated activation of caspase-9, whereas apoptosis

signaling by death receptors such as Fas is dispensable. Other

investigators revealed that Smac significantly potentiated -irradiation-

induced apoptosis in different human cancers, known to be notoriously

resistant to radiation, such as neuroblastoma, glioblastoma, or pancreatic

carcinoma.

 Notably, Smac enhanced apoptosis upon γ-radiation in cancer cells but

not in non-malignant cells, indicating some tumor specificity. Previously,

Smac agonists have been reported to potentiate the antitumor activity of

death receptor ligands, anticancer drugs, or killing by the immune system

(Fulda et al., 2002; Guo et al., 2002 and Hunter et al., 2003).
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The greatest potential of HDACIs may lie in their capability to enhance

the antitumor efficiency of other therapeutic regimens, such as IR.

The collected data of the present work declared that

radiosensitization induced by PIQSA compound in ESC tumor cells

was greatly pronounced and in accordance with those recorded by

Kim et al. (2006) and (Sonnemann et al.( 2005), who indirectly elicited

that, radiosensitization by the HDACI (TSA) in tumor cell lines

expressing p53 was more pronounced than in isogenic lines lacking p53.

They also emphasized that radiosensitization of cells expressing p53 by

the HDACI (TSA) was reduced by pifithrin- , a small-molecule inhibitor

of p53. In contrast, the radiosensitization by TSA of cells expressing low

levels of p53 was enhanced by transfection of wild-type p53–expressing

vector or pretreatment with leptomycin B, an inhibitor of nuclear export

that increased intracellular levels of p53 indicating that radiosensitization

in tumor cell lines may be influenced by p53 expression.

Cell cycle Phases distribution:
HDAC inhibitor-induced accumulation of acetylated histones

may affect cell cycle progression by altering the ability of tumor cells to

undergo mitosis (Warrener et al., 2003). An increase in acetylated

histones during the S phase (DNA synthesis) and G2 (pre-mitosis) phases

of the cell cycle can activate aG2 checkpoint which leads to arrest of

cells in the G2 phase. Loss of the G2 checkpoint is a frequent event in

cancer cells and may account, in part, for the increased sensitivity of

cancer cells compared to normal cells to the proapoptotic effects of

HDAC inhibitors.
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In the present study, regarding to the distribution of tumor cells in

different phases of cell cycle in ESC bearing group, the distribution

of cells was 39.27%, 58.15%, 43.5% in G1/G0,S phase and G2/M

phase respectively. Chemical treatment using the investigated PIQSA

compound resulted in a redistribution of the cells with the increase of

cell population in the G1/G0 phase accompanied by a decrease in

both S phase and G2/M phase. The percentages of distribution were

44.63%, 27.9%, and 39.5% respectively.

G1 /G0 cell cycle arrest resulted due to HDACI-treatment attributed to

increased p21 expression as mentioned by Countryman et al. (2008).

They reported that the growth inhibition mediated by HDACIs treatment

associated with a marked decrease in cyclin B1 mRNA levels. The

mechanism of cyclin B1 repression by HDACI (butyrate) requires

prolonged histone hyperacetylation and is at least partly dependent on

p21 expression. In fact, p21/WAF-1 appears to directly repress a minimal

cyclin B1 promoter, a process that can be mediated by the amino-

terminal portion of the p21 protein (Archer et al., 2005).

Another explanation was suggested by Acharya et al. (2005) who

concluded that histone acetylation is known to precede gene

transcription; among the genes that are consistently up-regulated because

their promoters are associated with acetylated histones is the cell cycle

gene (CDKN1A), which encodes cyclin-dependent kinase inhibitor

p21WAF1. Cyclin dependent kinase inhibitor WAF1 inhibits cell-cycle

progression by blocking cyclin-dependent kinase activity and the arrest

of the cell cycle in G1 stage.
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Activation of the caspase pathway and production of ROS in tumor cells

have also been reported for other HDACIs (Amin et al., 2001 and Ruefli

et al., 2001) suggesting that HDACIs-specific alterations in gene

expression result in the generation of ROS and/or activation of the

caspase cascade with ensuing cell death. But if production of ROS and

caspase activation in response to transcriptional events is a general

cellular response to HDAC inhibition. So, the preferential sensitivity of

tumor cells could be due to deregulation of the crucial subset of genes

that enhance cell death to occur. In many cases, inhibition of cell growth

by HDACIs has been accompanied by transcriptional upregulation of the

cyclin-dependent inhibitors p27kip1 and p21cip1, leading to the

suggestion that these two genes might be key mediators of the HDACIs

antiproliferative action (Wharton et al., 2000).

During the present experimental work, an evaluation was carried out

on the effect of IR treatment modality on the progression of cell cycle

and distribution of cells in different phases in ESC bearing animals.

The redistribution of cells was 28.7 %, 10.9% and 62.8 % in G1/G0,

S phase and G2/M phase respectively, indicating the accumulation of

cells in the mitosis, a radiosensitive phase of the cell cycle.

These results are in agreement with those of Vávrová et al., (2002) who

postulated that irradiation at a dose of 3Gy causes only inexpressive

accumulation of cells in S andG2 phases of the cell cycle and /or

apoptosis in a dose dependent manner. Also, Vávrová et al. (2004)

showed the importance of G2/M phase cell cycle arrest during irradiation

and they proved that during Sub-low dose rate,(dose up to 2.5 Gy),the

cells accumulated in G2 phase, but then they entered mitosis or, if the
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cell damage was not sufficiently repaired, the cells enter apoptosis. They

also concluded that the radiation-induced cell cycle arrest provides an

opportunity for cells to repair DNA damage before entering the mitotic

phase.

Radford (2002) linked the ability to repair complex double strand breaks

(DSB) of DNA, which occurred after irradiation, with the function of

poly (ADP-ribose) polymerase. In the presence of WT P53 and

topoisomerase 1, the ability of the cell to repair complex DNA DSB was

decreased and cells were preferentially committed to apoptosis. Also,

Adamczyk & Gasinska (2005) observed a constant accumulation of cells

in G2/M phase with the increased level of apoptosis. They concluded that

the block of cells in G2/M phase suggests accumulation of sub lethal

damages and hence increased radiosensitivity manifested by higher level

of apoptosis and debris.

Nome et al. (2005) mentioned that, the tumor cell response to Ionizing

radiation involves activation of cell cycle checkpoint signaling. They

pointed out that in breast carcinoma cell line; HDAC inhibitors augment

radiation-induced mitotic cell death due to accumulation of G2-M phase

as a result of the preceding repression of the G2 phase regulatory factors

polo-like kinase-1 and cycline B1. Repression of these factors required

intact G2 checkpoint signaling through the checkpoint kinase CHK1.

In view of the present results of the combined regimen modality,

there was a pronounced redistribution of cells in different phases

(88.3% in G1/G0, 2.2% in S phase and 9.73% G2/M phase) with

increase of cell accumulation in G1/G0 of the cell cycle accounted for

compound-4 mediated enhancement in radiation-induced cell killing.
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HDAC inhibition augment effects of ionizing radiation on the cell cycle

check points signaling (Nome et al., 2005).Also, findings of Zhang et al.

(2004) implicated G1 arrest and inhibition of DNA synthesis in the

mechanisms underlying radiation sensitization by HDAC inhibitors and

support the use of HDAC inhibitors for targeting radioresistant cancers.

Effect of different treatments on lipid peroxidation,
glutathione lipid peroxidation, glutathione content and

antioxident enzymes (CAT and SOD) activity levels in the
liver homogenates

Excessive production of free radicals resulted in oxidative stress,

which leads to in-vivo damage of macromolecules such as lipid

peroxidation .Increased lipid peroxidation would cause degeneration of

tissues. Lipid peroxides formed in the primary site would be transferred

through the circulation and provoke damage by propagating the process

of lipid peroxidation (Gupta et al., 2004).

It was reported that the presence of tumors in the human body or in

experimental animals is known to affect many functions of vital organs,

especially in the liver even when the site of the tumor does not interfere

directly with organ function (Dewys, 1982).

Lipid peroxidation mediated by free radicals considered being a primary

mechanism of cell membrane destruction and cell damage. The oxidation

of unsaturated fatty acids in biological membrane leads to a reduction in

membrane fluidity and disruption of membrane structure and function

(Campo et al., 2001).
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Antioxidants play an important role in inhibiting and scavenging radicals,

thus providing protection to humans against infection and degenerative

diseases.Also, antioxidents protect the cellular systems against radiation-

induced oncogenic transformation in experimental systems. Antioxidants

do reduce the painful side effects of radiation therapy, thus supporting the

beneficial effects of antioxidants in protecting normal cells in radiation

therapy and in being used in conjunction with treatment for certain

cancers (Borek ,2004).

From this point of view the present study was carried out to evaluate the

effect of the different treatment modalities in the present investigation on

lipid peroxidation, glutathione, and antioxident enzymes, including

superoxide dismutase (SOD) and catalase (CAT) activity against ESC

cells in Swiss albino mice.

Regarding to the results of the present work, it is obvious that, ESC

bearing group exhibited a significant elevation in LPx level, as

compared to the normal control. The results also revealed that,

addition elevation was noticed In LPx level after γ-irradiation

treatment as compared to the control group.Contraversily,Both

chemotherapeutic treatment and combined treatment modality

appeared to decrease the elevation induced by γ-irradiation

treatment  to more or less to the normal value.

The same trend of findings was elucidated by Sri Balasubashini et al.

(2006) who demonstrated that in EAC-bearing mice the lipid

peroxidation level was significantly increased, as compared to normal

control animals. Ungerstedt et al. (2005) recorded that HDACI have

shown to generate reactive oxygen species (ROS) in solid tumor and

leukemia cells. Disruption of the cellular redox state with production of
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ROS and down regulation of oxidative stress response genes considered

to be an important mechanism underlying tumor cell death in response to

HDACIs.

Malonaldhyde (MDA) was accepted as indicator of lipid peroxidation

(Mikkelsen et al. 1997) and was investigated to be higher in

carcinomatous tissue than in non-diseased organs (Yagi, 1991). Also,

Gupta et al. (2004) concluded that excessive production of free radicals

resulted in oxidative stress, which leads to damage of macromolecules

such as lipid peroxidation in-vivo. Increased lipid peroxidation would

cause degeneration of tissues. Lipid peroxide formed in the primary site

would be transferred through the circulation and provoke damage by

propagating the process of lipid peroxidation.

The results obtained due to γ-IR treatment were found to be in consistent

with those observed by other investigators, Ghorab et al., 2007,

Ungerstedt et al.( 2005), and Rosato et al.(2003) who evidenced the

increase in LPx level in mice bearing tumor treated with HDACIs and/or

ionizing radiation. Also, Grudzinski et al. (2000) confirmed the increase

in resistance to LPX to γ-irradiation in both normal and pre-neoplastic

cells. Liu (2005) reported that exposure of cells to ionizing radiation

causes the formation of reactive oxygen species (ROS), mainly

superoxide, hydroxyl radical and hydrogen peroxide inside the cells. This

is thought to be one of the main mechanisms by which ionizing radiation

causes cell damage and death. Also, Saada & Azab (2001) reported that

ionizing radiation induced elevation in lipid peroxidation might be due to

the over production of ROS in the aqueous media of the polyunsaturated

fatty acids of cell membranes phospholipids initiating the process of lipid

peroxidation and the consequent damage of cell membranes .
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The collected data of the present work revealed that, there was a

significant reduction in the glutathione (GSH) content in ESC

bearing group as well as in ESC bearing group subjected to γ-

irradiation. While, there was no change in normal animals exposed

to chemotherapeutic treatement.Meanwhile, an increase occurable in

GSH level in tumor bearing animals received the chemotherapeutic

treatment. We could conclude that chemotherapeutic with PIQSA,

the novel synthetic compound used in the present work brought back

the GSH level to a less extent to the normal value. The same effect

was observed in tumor bearing animals received the combined

treatment which verify the protective role of using of PIQSA against

tumor induction as well as cellular damage due to radiation

exposure.

Glutathione, the most abundant thiol in the cell, is maintained in

reduced form (GSH) by NADPH-dependent glutathione reductase

(Wang & Ballatori 1998). Khynriam & Prasad, (2003) evidenced that

GSH concentrations differ widely among different tissues in the

mouse.The highest concentration found in the liver (Khynriam &

Prasad, 2003).

In the present work, the reduction in GSH content in liver homogenate

tissues of mice bearing tumors agreed with the findings reported by

Estrela et al. (1992) who found that In Ehrlich ascites tumor cells,

maximal GSH concentration was observed by about the 7th day of tumor

growth, followed by a significant decrease on the 14th day of tumor
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growth. They also concluded that a decrease in the rate of cancer cell

proliferation has also been correlated with a decrease in GSH level in

tumor cells. Also, Szatrowski & Nathan (1991) concluded that Cancer

cells can generate large amounts of hydrogen peroxide which may

contribute to their ability to mutate and damage normal tissues, and,

moreover, facilitate tumor growth and invasion. It has been suggested

that persistent oxidative stress in tumor cells could partly explain some

important characteristics of cancer, such as activated proto-oncogenes,

genomic instability, drug resistance, invasion and metastasis (Toyokuni

et al., 1995), and the resistance of many cells against oxidative stress is

often associated with high intracellular levels of GSH (Estrela et al.

1995). Thus, the variation of GSH concentration in the Dalton's

lymphoma cells and other tissues with tumor growth in the host may

reflect alterations in the antioxidant machinery accompanied by changes

in the rate of proliferation of tumor tissues (Khynriam & Prasad, 2003).

The decrease in GSH content after IR treatment regimen was reported by

many previous workers.Sridharan and Shyamaladevi (2002) & Gupta et

al.(2004) mentioned that a significant decrease in hepatic GSH activity

was recorded after exposure to 3.5Gy and 10Gy γ-IR.This reduction was

explained by Aghazadeh et al. (2007) who referred the decrease in the

GSH concentration after irradiation to the interaction of this enzyme with

the free radicals induced by radiation. Also, it was mentioned that GSH

becomes depleted, leaving highly reactive ROS, beyond the immediate

and normal needs of the cell, to react with critical biomolecules and

cause tissue damage. The concentration of intracellular GSH, therefore,

is the key determinant of the extent of radiation –induced hepatic injury

(El-Missiry et al., 2007).



205

Administration of PIQSA to animal bearing tumors either alone or

in combination with the radiotherapy significantly enhanced the

liver GSH concentration.

The results obtained in our investigations are in accordance with the

findings of Manesh & Kuttan (2003) who reported that administration of

antitumors and antioxidants could significantly increased the liver GSH

content, and thus GSH will form conjugate with the toxic metabolites of

the free radical reactions and promoting their elimination from the body.

The great depletion in GSH concentration in animal bearing tumors

subjected to radio therapeutic treatment is in accordance with that

manifested by Jagetia, and Kumar (2005) who reported that, the early

and severe tumor GSH depletion may have increased the sensitivity of

tumor to radiation and because of this reason the initial complete cell

killing might have occurred at the early stages of tumor development.

They concluded that the increase in LPx and reduction in GSH may have

damaged the DNA of EAC cells thereby killing tumor cells effectively.

SOD is a ubiquitous chain breaking antioxidant and is found in all

aerobic organisms. It is a metelloprotein widely distributed in all cells

and plays an important role against ROS-induced oxidative damage. The

free radical scavenging system catalase, is present in all major organs in

the body of animals and human beings and is specially concentrated in

liver and erythrocytes (Sivakumar et al., 2008).Both enzymes play an

important role in the elimination of ROS derived from the redox process

of xenobiotics in liver tissues (Lorsaud et al., 1973)
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The results obtained in the present work revealed an inhibition in

both SOD and CAT levels in normal animals received γ-irradiation

and also in mice bearing ESC tumors. Additionly, inhibition in the

two enzymes activity was recorded under the effect of γ-irradiation

treatment as compared to tumor bearing group which restored

normal values due to the combined treatment modality.

The decrease in SOD in liver tissue homogenate of animal bearing

tumors agreed with that observed by Senthilkumar et al. (2008),

Rajkapoor et al. (2007 ) & Samy et al. (2006). Also, Han et al. (2005)

examined the protein levels of SODs and catalase in the spleen of

irradiated mice on the 5th day after irradiation. They found that the Mn-

SOD level of irradiated mice was significantly higher than that of control.

They concluded that although radiation-induced free radicals activate

antioxidant defense systems, the most prominent changes were found in

catalase transcription and SOD activity. More than 2-fold decrease of

catalase mRNA expression was observed in irradiated mice, whereas the

protein level and the activity of catalase were not altered by irradiation.

Aksahi et al. (1995) attributed the increase in SOD activity in spleen

homogenates of irradiated mice to the production of cytokines such as

TNF- and IL-1ß which are produced in various cells after irradiation

.These cytokines induce Mn-SOD mRNA in vitro and in vivo as

mentioned by Wong & Goeddel (1988).

Chance & Smith, (1952) elucidated that Catalase and SOD are easily

inactivated by lipid peroxides or ROS. In correlation, Sun et al. (1989)

has been reported that mice bearing tumors showed decreased levels of

SOD activity and this is may be due to the loss of Mn+2 containing SOD
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activity in tumor cells and the loss of mitochondria, leading to a decrease

in total SOD activity in the liver (Marklund et al.,1984).

Also, Jagetia et al. (2005) stated that depleted inventory levels of CAT,

SOD, and GST in EAC cells, and disturbed the redox status of tumor

cells make them more vulnerable to death. It may also have caused a cell

cycle arrest at G2/M phase and thereby making EAC cells more

vulnerable to radiation induced death.

The results also, indicated that nimals bearing tumors treated  with

PIQSA resulted in a significant increase in SOD and CAT activity as

compared with animal bearing tumor group.

These results seem to be in accordance with those observed by

Sivakumar et al. (2008) who recorded that both SOD and CAT activities

were appreciably elevated by a certain antitumor agent, suggesting that

the antitumor agent used in their investigation can restore the levels of

these enzymes.

Exposure to ionizing radiation causes the formation of reactive oxygen

species (ROS).This is thought to be one of the main mechanism by which

ionizing radiation causes cell damage and death (Ragu, 2007).

In this work, a significant decline in SOD and CAT activity was

noticed in animal group subjected to radio therapeutic treatment

alone as compared to normal control group. The same pattern of

results was noticed in liver homogenates of ESC bearing group

received γ-IR treatment regimen as compared to animal group

bearing tumors subjected to γ-IR.
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The results obtained in the present work agree with those elucidated by

El-Missiry et al. (2007) and Abouelella et al. (2007) who proposed that,

irradiation caused remarkable decreases in the activity of SOD and CAT

activities in normal irradiated mice and rats. Also Ghorab et al. (2007) &

Jagetia et al. (2005) reported that irradiation of EAC mice caused a

steady decline in SOD and CAT activities.

Exposure of mice bearing ESC pre-treated with PIQSA then

subjected to γ-IR resulted in a significant decline in SOD and CAT

activity as compared with animal bearing tumors control group, but

this pattern of decline was less than that recorded in animal group

bearing tumors subjected to γ-IR regimen alone.

This pattern of results concord with those recorded by Ghorab et al.

(2007), who recorded that mice treated with pyrimido-quinoline

derivative preexposed to γ-IR revealed an increase in SOD activity in

blood as compared to animal bearing tumors exposed to radiotherapeutic

treatment. Also Jagetia et al. (2005) observed that the combination of

antitumor agents and irradiation reduced the γ-IR-induced reduction in

both SOD and CAT activities. Also, this trend appeared to be in

consistent with that of Lippitz et al. (1990) who concluded that

administration of radiosensitizers could significantly neutralized SOD

activity in both normal and tumor tissues.
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Changes in lipid profile in treated mice  under different

treatments

Lipids are carried in the body fluids with the help of lipoproteins

(Edwards et al., 1995), chylomicron transport of triglycerides (TG) from

intestine to all cells. Very low density lipoproteins(VLDL) are involved

in the transportation of TG from the liver to other cells .Low density

lipoproteins (LDL) are responsible for the transport of cholesterol from

liver to the cells and high density lipoprotein (HDL) are involved for the

transport of cholesterol from cells to the liver. Chylomicron and very low

density lipoproteins are rapidly catabolised (Heeren et al.,

2003).ThusTG, cholesterol, LDLc and HDLc constitute plasma lipid

profile.

In the present study the relationship between ESC tumor in tumor

bearing animals and plasma lipid profile was investigated. Also the

effect of different treatment regimens on these parameters was

evaluated.

The results indicated that, there was a significant decrease in plasma

total lipids, total cholesterol, and total TG. Meanwhile, a significant

increase in LDLc was recorded in ESC bearing group.

The changes in lipid profile have long been associated with cancer. Many

laboratories reported the association between the lower blood lipids and

various cancers (Patel et al., 2004, Allampallam et al., 2000 and Halton

et al., 1998).This because lipids play a key role in maintenance of cell

integrity as recorded by Patel et al. (2004).Also Eichholzer, et al.

(2000), Feinleib (1983) and Peto et al. (1981) indicated that the

hypolipidemia has been reported as a predisposing factor or result of

cancer. They evidenced that hypolipidemia may resulted due to the direct
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lipid lowering effect of tumor cells or some secondary malfunction of

lipid metabolism or secondary to antioxidant vitamins. Ames (1983)

recorded that carcinogens induce generation of free radicals and reactive

oxygen species, which are responsible for high rate of

oxidation/peroxidation of polyunsaturated fatty acids. This peroxidation

further releases peroxide radicals. This affects essential constituents of

the cell membrane and might be involved in carcinogenesis/

tumorigenesis.

In addition, the lower plasma lipid status may be a useful indicator for

initial changes occurring in neoplastic cells. However, a detailed study of

cholesterol carrying lipoprotein transport and the efficiency of the

receptor system may help in understanding the underlying mechanisms of

regulation of plasma cholesterol concentrations in cancer.

The decrease in Cholesterol and TG levels was explained by (Choi et al.,

1999 & Odeleye et al., 1992). Due to the lipid peroxidation, there is a

greater utilization of lipids including total cholesterol, lipoproteins and

triglycerides for new membrane biogenesis. Cells fulfilled these

requirements either from circulation, by synthesis through the

metabolism or from degradation of major lipoprotein fractions like

VLDL, LDL or HDL .Also, Patel et al. (2004) concluded that in some

malignant diseases, blood cholesterol undergoes early and significant

changes. Low levels of cholesterol in the proliferating tissues and in

blood compartments could be due to the process of carcinogenesis.

Decreased serum cholesterol concentrations was reported in other

cancers (Siemianowicz et al., 2000 & Simo Camps et al., 1998) which

were probably related to the increased consumption of cholesterol by the

tumor cells (Eggens et al., 1990). In addition, it has been reported that

synthesis of cholesterol is reduced under cancers (Larking, 1999), and
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moderate increases of serum cholesterol levels and increased body mass

index (BMI) may have a protective effect on cancer mortality

(Panagiotakos et al., 2005 &Eichholzer et al., 2000). It was observed

that the plasma HDL-cholesterol was inversely correlated to the

cholesterol levels in the tumor tissues in cancer patients (Dessi et al.,

1994).

The same trend of the results in the present work, where ESC

bearing animals recorded slight increase in HDLc content compared

to the control. Another direction of the present results and explanations

about HDLc status was predicted, indicating that the use and storage of

cholesterol are increased within the tumor tissues during growth. It is

therefore, possible to hypothesize that lower HDL levels are observed in

cancer patients and associated with the increased cholesterol metabolism

in these proliferating tissues (Dessi et al. 1994).

A significant decrease in TG level in tumor bearing animals

was recorded. This tendency of result seems to be in agreement with that

found by Michiel & Oppenheim (1992). It is known that lipids and

lipoprotein metabolism could be regulated by cytokines (Argiles et al.,

1989) .The authors elucidated that interleukin-6 (IL-6), tumor necrosis

factor (TNF-α), IL-1 may inhibit TG synthesis,and they also, mentioned

that tumor cells are known to produce large amounts of pro-inflammatory

cytokines that, in turn, may suppress plasma TG levels. Also, they

mentioned that interleukin-1 (IL-1) profoundly affects lipid metabolism

by delaying intestinal absorption and decreasing tissue uptake (Argiles, et

al.1989). IL-1 and IL-6 significantly decreased microsomal triglyceride

transfer protein (MTP) mRNA levels in HepG2 cells (Navasa et al.,

1998).
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 It was also reported that LDLC uptake and cholesterol biosynthesis were

decreased in the liver of tumor bearing animals (Hermanik & Sobin,

1987).

LDL receptors are necessary for metabolizing circulating LDLC

levels and nearly 80% of the plasma LDLC is cleared by LDL receptors

(Kesaniemi et al., 1983). High activity of LDL receptors attributes for

lowering the serum cholesterol levels. The individuals having deficient or

defective LDL receptors remove plasma LDLC at much lower rate and

have considerably elevated levels (Brown et al., 1981).

The results of the present study indicated that the chemical

treatment of animal bearing tumors with Quinoline Sulfonamide

Derivative (PIQSA) caused a significant elevation in both total lipids

and total cholesterol, meanwhile, Non Significant elevation was

attained in TG level as compared to tumor bearing group.

On the other hand, IR treatment regimen declined total lipid

level, while a marked elevation was recorded in cholesterol level as

well as LDLc level as compared with tumor bearing animals.

Many laboratories demonstrated the effect of γ-irradiation on

cholesterol content in experimental animals. Rizivi et al. (1984) observed

that 1.75Gy resulted in a marked increase in cholesterol level of liver and

a decline in serum. The elevated cholesterol after irradiation was also

reported by Chen &Thacker (1985).They attributed this elevation to the

increased ability of the liver to biosynthesis cholesterol as well as to the

decreased activity of cholesterol 7-hydroxylase,the key enzyme involved

in degradation of cholesterol in the liver (Chupukcharoen et al., 1985).In

addition, irradiation caused an increase in serum LDLc  by lipid

peroxidation (Nath,1996),leading to transport of cholesterol to extra-
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hepatic tissue through LDLc receptor as mentioned by Abd-El Momein

et al.(1989)

The present results indicated that, the combined treatment

ameliorated the total lipid level and all parameters of lipid profile in

treated animals. These results indicated that pre-treatment of mice

with PIQSA compound seemed to neutralize the effect of exposure to

γ-radiation in most of the estimated parameters an indication for the

protective effect of the compound.

Effects of different treatments on liver and kidney functions:

In order to ascertain the safety of the chemotherapeutic treatment

with PIQSA within the range of the utilized dose in this work (350 mg /

k.bwt). We clarified its effect on some biochemical parameters related to

liver as well as kidney functions.

The rise of ALT and AST in the serum is usually related to the injury of

tissues and membrane permeability. Elevated ALT and AST activities is

observed in acute and chronic hepatitis, cirrhosis, infectious

mononucleosis, heart failure, various infections, metastatic carcinoma

and alcohol related liver damage. ALT is best used to monitor the

progress of present and on-going liver inflammation and a trend to

decrease is a good sign that fibrosis resulting from inflammation is being

controlled (Quinn & Johnston, 1997).

The collected results in the present work clarified that

chemotherapeutic treatment with PIQSA compound induced

insignificant change in either AST or ALT activities.
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These results are in agreement with those of Ryan et al. (2005) who

elicited that there was no Significant hepatotoxity was encountered in

patients with solid or hematological tumors who had been treated with

MS-275 and SAHA in phase I clinical trial although there was an

elevation in ALT and AST activity in these patients and they classified

this elevation as grade I adverse effects.

The changes in the activity of transaminases due to radiation exposure

were found to be contradictory. Some authors recorded an elevated

activity while others found a decrease (Abdel-Salam et al., 2006).

 The present data indicated that, γ-irradiation caused a highly

significant elevation in both enzyme activities compared with control

group.

EL-batal, et al. (2008) & Cheng et al. (2002) reported that ionizing

radiation induced significant increases in serum activities of ALT, AST.

They attributed this effect to rupture of hepatocytes and necrotic

degeneration of liver cells. Also, El-Missiry et al. (2007) and Pradeep et

al. (2008) suggested that oxidative stress is linked to the organ damage

following exposure to ionizing radiation.

Abdel-Salam et al. (2006) elucidated that changes in activities of hepatic

enzymes may be due to drastic physiological effects caused by irradiation

interaction with the cellular membrane, mitochondria or through the

action of free radicals as mentioned by.They attributed the increase in

ALT activities to the extensive breakdown of liver parenchyma with

subsequent enzyme release, or to increase in permeability of the cell

membrane that could enhance the movement of enzymes from their sites

of Production.
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Pradeep et al. (2008) mentioned that Exposure to γ-irradiation resulted in

hepatocellular damage in a dose-dependent manner, featuring a

significantly decreased body and liver weight and higher levels of serum

AST and ALT, and a simultaneous decrease in their levels in the liver

tissue.

Matsubara, et al. (2009) noted the increase in plasma creatinine level in

patients treated with Depsipeptide (FK228) in the rang of the tolerated

doses.

Concerning the effect of Chemotherapeutic treatment using PIQSA

on the kidney metabolites, the results indicated that this treatment

did, nt induce any significant change in the concentrations of the  two

parameters in the plasma of treated animals, as compared with the

control group, an indication  that our novel compound has no renal toxic

effect on experimental animals.

The results also, revealed that animal group bearing tumours treated

with PIQSA resulted in a significant decline in the two metabolites

concentrations which are contradicted with those mentioned by Ryan et

al. (2005) & Reid et al. (2008) who reported that a mild increase in

creatinine and urea concentration in patients with solid or hematological

tumours treated with the two HDACIs (SAHA and MS-75).

Results in the present study revealed that exposure of mice to γ-

irradiation induced significant change in both creatinine and urea

level compared to the control group.

It was reported that ionizing radiation-induced changes in the

configuration and architecture of liver, kidney, which were associated to
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significant elevation in the content of lipid peroxides and significant

metabolic disturbances (Saada & Azab, 2001). Also, Abu-Seif et al.

(2003); El-Missiry et al. (2007) & Ramadan et al. (2001) showed that

the average values of blood urea and creatinine were significantly

elevated in irradiated rats, indicating a renal dysfunction.

EL-batal et al. (2008) pointed out, that exposure of animals to ionizing

radiation induced significant elevation in serum concentration of urea and

creatinine associated with kidney histological disorders and that could be

attributed to the destruction and malfunction of kidney cells due to the

action of ROS released post radiation exposures .Urine formation begins

with filtration of the blood at the glomerulus, further processing of the

filtrate by the renal tubules and elimination of the formed urine by the

renal collecting system. Alterations of any of these processes can result

in the picture of rapidly deteriorating renal function (Anderson and

Schrier, 1997). Acute renal failure (ARF) result in failure of urinary

elimination of nitrogenous waste products (urea nitrogen & creatinine),

which results in a rise of their content in the blood. Ionizing radiation

impairs glomerular filtration, which could be considered a sign of renal

failure and kidney malfunction.

The results also indicated that animal group bearing tumours

revealed a significant change in urea concentration as compared with

the control group.

Although, it was demonstrated that, the presence of tumors in human

body or experimental animals is known to affect many functions of vital

organs, (Dewys, 1982), the results of the present work indicated that there

is an elevation only in urea concentration in ESC bearing animals.
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Treatment of ESC bearing animals with PIQSA diminished

significantly the increase in urea concentration in treated animals

indicating the protective effect of this compound on the renal system.

Changes in Hematological indexes under different

treatments:

In the present investigation it is obvious that, in ESC bearing group

there was a significant reduction in Hb content and total RBCs

count. On the contrary, a significant increase in total WBCs count

was noticed. Chemotherapeutic treatment with compound PIQSA

appeared to brought back Hb content, RBCs and WBCs count more

or less that of normal level indicating that PIQSA has a protective

effect on hemopoitic system.

These results appeared to be in consistent with the previous findings of

Rajeshwar et al., (2005) & Hogland (1982) who demonstrated that, in

the major problems in cancer chemotherapy is the myelosuppression and

anaemia. Also, Islam et al. (2008) & Rajeshwar et al. (2005) reported

that the anemia encountered in tumor bearing mice attributed mainly to

the reduction of total RBCs count and Hb content in tumor bearing mice

which lead to the formation of anaemic condition .They concluded that

this effect may occurred either due to iron deficiency, or may be due to

haemolytic or mylopathic conditions. Carroll et al. (2003), registered

that WBC is reflective of tumor burden, although the underlying

biological mechanisms that account for the adverse outcomes associated

with an elevated WBC are uncertain.
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With respect to the reported HDAC inhibitor–induced

immunosuppression, lymphopenia was observed duringMS-275

administration . Of the frequent cumulative drug-related adverse events

observed were: neutropenia, thrombocytopenia and leukopenia (Ryan et

al., 2005).

In the present work, the chemotherapeutic treatment with PIQSA

restored the Hb content as well as RBCs more or less to those of normal

levels, and decreased the WBCs total count as compared to animal

bearing tumor control group. This direction of results agreed with the

findings of Islam et al. (2008), Rajkapoor et al.(2007) and Gupta et al.

(2004) who clearly indicated that the antitumor agents posses effective

protective prosperities on the hemopoitic system. Also, Rajkapoor et al.

(2007) stated that the decrease in WBCs count of blood considered being

one of the reliable criteria for evaluating the anticancer drugs.

It has been known that ionizing radiation (IR) impairs haematopoiesis

through a variety of mechanisms. IR exposure directly damages

hematopoietic stem cells and alters the capacity of bone marrow stromal

elements to support and/or maintain haematopoiesis in vivo and in vitro.

Exposure to IR induces dose-dependent declines in circulating

hematopoietic cells not only through reduced bone marrow production,

but also by redistribution and apoptosis of mature formed elements of the

blood (Dainiak, 2002).

The results collected in the present study revealed that, a highly

significant reduction in all hematological parameters (Hb content,

Total RBCs count and total WBCs count) in ESC bearing mice.

Worth of mentioning that, the IR treatment modality induced only a

significant reduction in the percentage of lymphocytes and

neutrophiles in non-tumor bearing animals exposed to γ-irradiation.
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The reduction observed in Hb content and RBCs count in ESC irradiated

group was explained by many investigators, (Abouelella et al., 2007&

Gridley, 2001).El-Habit et al. (2000),postulated that, the effect of IR on

the haematopoietic parameters may be due to the impairment of cell

division, obliteration of blood-forming organs, alimentary tract injury.

Gridley (2001) referred this effect to the depletion of factors needed for

erythroblast differentiation and reticulocyte release from the bone

marrow or may be due to the loss of cells from the circulation by

haemorrhage or leakage through capillary walls and /or the direct

destruction of mature circulating cells (Melching, 1961).

The decrease in WBCs demonstrated in the present work in ESC

irradiated group is an indication to IR-induced leucopoenia to occur

following irradiation of treated experimental animals (Mishima et al.,

2004). Mature lymphocytes are considered to be the most sensitive blood

cell types (Wintrobe et al. 1999) and the earliest blood change following

whole body irradiation is lymphopenia (Seddek et al., 2000).It seems

apparent that the leucopoenia observed in ESC group exposed to ionizing

radiation was a direct consequent of the lymphopenia and neutropenia

that occurred following irradiation of animals (Abouelella et al., 2007).

The combined treatment modality applied in on the present

investigation the  hematological parameters restored their normal

pattern  which could justify indicating the protective role  of  PIQSA.
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CONCLUSION
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Depending on the findings obtained in the present work, the four

quinoline sulfonamides (compounds 1,2,3,4) showed in vitro antitumor

activity, as they inhibited the EAC cell viability with variable degrees.

PIQSA exhibited antitumor activity against lung, brain and liver cancer

cell lines, and also against ESC tumor cells.

PIQSA exhibited its antitumor effect through the inhibition of histone

Deacetylase activity, DNA fragmentation increase, arresting cell cycle

particularly at G1 /G2 phase and induction of apoptosis.

The combination of PIQSA compound with γ irradiation caused an

improvement in the therapeutic efficency which can be explained as

followed:

The enhancement of tumor response to the same dose of IR and also by

decreasing the adverse effects induced in normal animal's tissues by

bring out the lipid peroxidation, glutathione (GSH), SOD and catalase to

approximate the normal levels in tissues of normal animals.

The results also indicated that the tested compound did not exhibit any

adverse effects on the animal's biological systems as revealed by

biochemical analysis of liver functions as well as kidney functions and

also the haematological investigations carried out on the normal and

experimental animal.
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SUMMARY
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Cancer is the leading cause of mortality worldwide, and the

failure of conventional chemotherapy to reduce the mortality rate

indicates that new approaches are critically needed. The new and recent

approaches of chemotherapy serve as an attractive alternative to control

malignancy and the search for new therapeutic agents in this field has

been prompted.

The present work was designed to evaluate the in vitro anti-tumor effect

of four novel quinoline derivatives with sulfonamide moieties against

EAC cells. Also to test the efficacy of the most potent compound on

other human cancer cell lines.

The present study also planned to evaluate the Radiosynthesizing

efficacy of the tested compound to γ-irradiation.

The in vivo laboratory investigations have been focused on the effects of

different treatments (chemotherapeutic, radio therapeutic and

combination of both modalities on the changes in body weight gain,

tumor weight and tumor volume.

The effect of the different treatment modalities on histone deacetylase

activity (HDAC), DNA fragmentation, apoptosis and distribution of cell

cycle phases has been undertaken.

The present work also, aimed to investigate any adverse effect which

could be resulted due to the Chemotherapy (PIQSA treatment) on the

biological systems of the experimental animals, through estimation of

some biochemical and some hematological parameters.

Throughout the entire experimental period (31) days, 180 white Swiss

albino mice were allocated in two main groups:
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I- Normal animals group:

This group comprised 100-animals free of tumors which were

further categorized into five sub-gropes, each of twenty animals

according to the following scheme:

I .a) Animals received no treatment, and persevered as –ve control.

I .b) Animals received DMSO treatment.

I .c) Animals of this group injected with PIQSA compound

I .d) Animals subjected to whole body γ-irradiation.

I .e) Animals received combined treatment, (chemical treatment followed

by γ-irradiation ).

∏-Animals bearing tumors group:

              This group comprised 80 animals; all were inoculated with

tumor cells in the right thigh of the lower limb with (2.5x106 per ml) for

each animal, they left for ten days till the tumors reached 10 mm in

diameter. This group further categorized into four subgroups according to

the following scheme:

∏.a) Animals with tumor cells without any treatment served as + ve

control.

∏.b) Animals with tumor cells received chemotherapeutic treatment

(PIQSA) three times per week along 21 days. Animals injected ip with

PIQSA alone.

∏.c) Animals with tumor cells subjected to a repeated dose of 2 Gy

whole body γ-irradiation three times in the last week of the observation

period (total dose of 6 Gy).

∏.d) Animals with tumor cells received a combined treatment .Animals

were injected ip with PIQSA, 20 minutes pre-irradiation exposure.
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After the observation period, animals were scarified; blood samples, liver

and tumors were taken for biological investigations.

The results obtained in this work could be summarized as follows:

The anti-tumor effect of four novel chemical compounds

The in-vitro results

The four chemical compound exhibited antitumor effect against EAC

cells in vitro. The IC50 values were 0.163 mM/ml and o.184mM/ml,

0.194 mM/ml and 0.091 mM/ml respectively. The results also indicated

that the compound -4(PIQSA) was the most potent compound as

compared to the others and also exhibited anti-tumor effect against three

human cancer cell lines used in the present investigation (lung, brain and

liver tumor cell lines).The IC50 values were 50 µM/ml, 55 µM/ml, 50

µM/ml respectively.

The toxicological study revealed that PIQSA compound has an acute

toxic effect on experimental animals at LD50, 0.670g /Kg animal body

weight.

The in vivo results

Chemotherapeutic treatment.

A significant increase in body weight gain, concomitant with a

significant reduction in tumor weight and tumor volume was recorded.

The HDAC activity significantly inhibited and the cell cycle arrested at

G1 /Go, while DNA fragmentation and induction in apoptosis were

significantly increased.
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Radiotherapeutic treatment

 There was no change in HDAC activity, while DNA fragmentation and

apoptosis showed a highly significant increase, and the cells were

arrested at the G2 /M phase.

The combined treatment

Treatment with PIQSA followed by IR induced significant decrease in

body weight gain, tumor weight and tumor volume .Also significant

increase in nuclear DNA fragmentation, and apoptotic tumor cell death

was noticed. The cell arrest in G1 /G0 phaes was significantly increased.

Biochemical analysis

Chemotherapeutic treatment:

This treatment did not induce any significant adverse effect on the

biochemical parameters (LPx, GSH, SOD, CAT, total lipid, lipid profile,

ALT, AST Creatinine, and urea) in the normal animal group. While a

significant decrease in the LPx level was recorded in the animals bearing

tumor group. In the same animal group, a significant change was

observed in cholesterol level, HDLc and LDLc.

Radiotherapeutic treatment:

In normal animals ,a significant increase in LPx by 17.43% was noticed,

concomitant with a significant inhibition in GSH,SOD and CAT by -

16.88%,-21.33%,-24.56% respectively. The same trend was observed in

mice bearing tumors where the percentage change was 11.23%,-31.96%,-

29.16% and -8.52% for LPx,GSH SOD and CAT respectively.
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A significant change was noticed in plasma lipid fractions, by +13%,

+32.25%, +27.26%, +44.95% and -29.76% for total lipids, total

cholesterol, total TG, LDLc and HDLc respectively.

The same reduction was observed in animal group bearing tumors by -

18.34% ,-15.87% ,-10.48%  for total lipids, total cholesterol, total TG

and LDLc respectively, while HDLc increased by +23.66%.

In normal animals, a significant increase was recorded in AST and ALT

activity by 40.25% and 12.76% respectively. Also a remarkable increase

was recorded in plasma creatinine and urea by 40.66% and 33.5%

respectively.

In animals bearing tumors, a significant elevation in AST activity by

40.25% also, a significant increase in plasma creatinine by 22.08% and

10.58% was observed.

Combined treatment :This pattern of treatment reduced the γ-IR

adverse effects on most of the investigated parameters where: LPx

elevation was reduced by -7.8% and -8.68% in animal’s tumor free or

animals bearing tumors.

Glutathione and SOD activity increased by 8.32% and 6.17%, while this

treatment exerted no effect on catalase activity in normal animals.

LPx content was decreased by -8.68%,while there was an elevation in

GSH,SOD and CAT by34.42% ,28.16% ,10.99% in animals bearing

tumors.

Combined treatment induced a pronounced improvement in lipid profile

fractions as compared to normal untreated control animals, where:

this treatment reduced the elevation in total lipid level, total cholesterol,

total TG and LDLc by-10.23% ,-19.135 ,-26.97% and -14.15%
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respectively ,while no effect was exerted on the HDLc content in normal

group.

Also, such treatment modality reduced the γ-IR induced-elevation in

AST and ALT activity in normal animals by -12.06% and -7.92%

respectively. In animal bearing tumrs, AST activity reduced by -33.33%,

while ALT activity exhibited insignificant change.

Such treatment brought back the IR –induced elevation in plasma

creatinine and urea by -10.93% and -17.79% in animal’s free tumor, and

by -27.18% and -26.59% in plasma of animals bearing tumors.

Hematological analysis

Administration of chemotherapeutic treatment to animal’s tumors free

provoked a pronounced effects on the investigated hematological

parameters. However, the same treatment resulted in some improvement

on Hb content and RBCs counts which increased by 12.31% and 10.08%.

Also, this treatment minimized the increase in the percentage of

neutrophiles by -12.89%, while the percentage of lymphocytes increased

by 12.27%.

Radiotherapeutic treatment generated harmful effects on the investigated

parameters.

In normal animal group,Hb content reduced by-11.57%.A significant

reduction was also noticed in RBCs count, WBCs count by -10.56% and

-9.21% respectively.

The differential WBCs also, exhibited remarkable reduction by -9.33%,-

22.22% and -29.66% for percentages of lymphocytes, monocytes and

neutrophiles.
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The same pattern was recorded in animals bearing tumors subjected to γ-

IR, where Hb, RBCs counts and WBCs counts reduced by-26.27%,-

16.51% and -32.09% .The decrease in the percentages of differential

counts were -12.27%,-16.66% and -18.54% respectively.

The combined treatment restored the γ-irradiation –induced reduction in

most of the hematological parameters either in animal’s tumor free group

or animals bearing tumor.  In animal’s tumor free Hb content increased

by 7.76%.Also, WBCs and the percentages of differential counts were

changed by 7.62%, 14.53%, 14.28% and 27.17% for WBCs, and

percentages of lymphocytes, monocytes and neutrophiles respectively.

The greater pronounced effect of such treatment was observed in animal

group bearing tumor. In this group Hb content elevated by 21.5%, where

both RBCs and WBCs increased by 24.62% and 17.34% respectively.

This treatment also improved the differential WBCs counts by 10.84%,

40% and 16.26% for lymphocytes,monocytes and neutrophiles

respectively.
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العربيالملخص 

یعتبر مرض السرطان من االمراض الخطیرة التي تؤدي الي وفاة اكثر من ستة مالیین شخص 

لذلك فان ھناك جھود واسعة مبذولة للتوصل الي عالج كیمیائي یكون .علي مستوي العالم سنویا

.ذات كفاءة عالیة في مقاومة نشاط الخالیا السرطانیة ووقف نموھا

اءة عالیة كمحفزات اشعاعیة دون ان یكون لھا اثار جانبیة او علي االقل وتكون ایضا ذات كف

.تج عن استخدامھاالتقلیل من ھذه االثار الي المستوي االدني النا

مشتقات الكینولین منكیمیائیاالمخلقةاستھدفت ھذه الدراسة قیاس كفاءة اربعة من المركبات 

.ا ایرلخ السرطانیة المنماة في الوسط الغذائيالتي تحمل مجموعة سلفونامید علي نشاط خالی

وقد خلصت الدراسة الي ان المركبات االربعة ذات كفاءة كمضادات لالورام حیث ثبت ان 

٠٫٠٦٤، ٠٫١٩٤،  ٠٫١٨٤،  ٠٫١٦٣التركیز الذي احدث موتا لنصف عدد ھذه الخالیا كان 

.الترتیبمل لكل من المركبات االربعة علي/مولمللي

كان االكثر كفاءة كمضاد لخالیا ایرلخ PIQSAضحت النتائج ایضا ان المركب الرابع وھو او

احدث موت السرطانیة وكذلك اظھر ھذا المركب كفاءة ضد الخالیا السرطانیة االدمیة حیث

،  ٥٠المنماة فى وسط النموبجرعة مقدارھا    لنصف خالیا كل من الرئة والمخ والكبد السرطانیة

.مل علي الترتیب/كرومولمی٥٠، ٥٥

الجرعة لحیوانات التجارب و كانتةیتلمماالدراسة تحدید الجرعة الحادة اوضحتكذلك

.كجم من وزن الحیوان/جراميلمل٠٫٦٧٠النصف ممیتة 

الورم تطبیق ثالث انواع من المعالجات عليدراسة االثار الناتجة عنبحث ایضا استھدف ال

العالج باالشعاع الجامي والعالج - ويكیماالتجارب وھي العالج الحیواناتالمزروع فى فخذ

وذلك المزدوج باعطاء جرعة من العالج الكیمیاوي یتبعھا التعرض لجرعة من العالج االشعاع

:من خالل

.تاثیر ھذه المعالجات علي حجم ووزن الورم والزیادة في وزن الجسم-١

مع تحدید تاثیر ،فاءة المركب كمضاد لالورامقیاس بعض المعاییر التي تدل علي ك-٢

ھذه المعاییر و التي شملت قیاس انزیم الھستون دي اسیتیلیز المعالجات المختلفة علي 

توقف دخول الخلیة دورة الموت المبرمج والخلیة وكذلكفى مادة الدي ان ایھتكسرومحتوي 

.لخلیةموت للدورة الخلیة في طور معین وما یتبع ذلك من حدوث 
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تحت الدراسة وكذلكPIQSAمركب دراسة االثار الناتجة من استخداماستھدف البحث ایضا 

المعالجات االخري علي النظام الدفاعي الداخلي لجسم الحیوان والتي شملت محتوي الخلیة تاثیر

وكذلك قیاس نشاط كل من -من اللیبیدات فوق المؤكسدة ونشاط انزیم الجلوتاثیون المختزل

.دیسمیوتیز والكتالیزنزیمات السوبر اوكسیدا

ینتج عن المعالجة الكیمیائیة من اثار جانبیة سالبة وذلك بالدراسات البیوكیمائیة لكل قدمادراسة

وكذلك وظائف الكلي وذلك بقیاس تركیز كل ) بقیاس انزیمات الترانس امینیز(من وظائف الكبد

مع قیاس بعض المعاییر الھیماتولوجیة مثل تعیین.دمالبالزما من الیوریا والكریاتینین في 

.وكذلك عدد كل من كرات الدم الحمراء والبیضاءوبینالھیموجلمحتوى الدم من

فأر مایس ابیض یتراوح وزنھ 240عدد یوما٣١لدراسة التي استمرت فترة استخدم في ھذه ا

لحادة التى تتسبب فى موت منھا ستون فأرا أستخدمت لتحدید الجرعة ا)جرام٢٥-٢٠(من 

:كاآلتىقسمت الي مجموعتین رئیسیتینأما المائة وثمانون فأرا األخرى فقد - نصف الحیوانات

.تم تقسیمھا الي خمسة مجامیع فرعیة-رأاستخدم فیھا مائة ف-المجموعة الرئیسیة االولي

.بدون اي معالجةتتركضابطةمجموعة-١

.DMSOتم معالجة الحیوانات بمادة ال-٢

PIQSA) ة الكیماویتم معالجة الحیوانات بالمادة-٣ ,٣٥٠تحت الدراسة بجرعة (

الثانى (أسبوعینمرات اسبوعیا لمدة ٣للفأرمن وزن الجسم في التجویف البریتونيكجم/جرام

.)والثالث

) ايجر٢(تم التعریض الكلي لحیوانات ھذه المجموعة لجرعة متكررة من االشعاع الجامي-٤

مرات اسبوعیا ٣

.الدراسةمدةمنابعرالفي االسبوع ) جراي٦أي انھا تعرضت لجرعة كلیة (

من كجم/جرام,٣٥٠بجرعة تم معالجة ھذة المجموعة بجرعة متكررة من المادة الكیماویة-٥

وفى األسبوع .یوم من مدة المعالجة الكلیة١٥وزن الجسم ثالث مرات من كل أسبوع وذلك لمدة 

٢(لثالث جرعات متكررة من األشعاع الجامي  خیر من مدة المعالجة تعرض ھذه المجموعةاأل

.مباشرة بعشرین دقیقة الكیماویةبعد المعالجة) جراي في كل مرة
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(5x106.ثم حقنھم جمیعا بجرعة-ثمانون فارھااستخدم فیالمجموعة الرئیسیة الثانیة   من ) ٢,

خالل عشرة )مم0١(وتركت جمیعا حتي وصل قطر الورم-الفارخالیا ایرلخ السرطانیة في فخذ 

.ثم قسمت الي اربعة مجامیع فرعیة علي النحو التالي.ایام من بدایة حقن الورم

.وھي تحمل الورم دون أي معالجة- المجموعة الضابطة الموجیة-١

مرات ٣كجم من وزن الحیوان /جرام,٣٥٠تحمل الورم وتحقن بجرعة من المركب -٢

.من وصول الورم الي الحجم المطلوب.بوعیا لمدة ثالثة اسابیعاس

( یتم تعریضھا كلیا الشعة جاما في االسبوع االخیر من مدة الدراسة–مجموعة تحمل الورم -٣

.)جراي٢مرات لجرعة متكررة ٣

عة مجموعة حیوانات تحمل الورم یتم معالجتھا كیماویا كما في الثالثة السابقة ثم تتعرض الش-٤

.جاما كما في الرابعة السابقة

كذلك تم تشریح الحیوانات واخذ عینات من الدم وجزء من نسیج الكبد ومعالجةبعد انتھاء فترة ال
.الورم لدراسة تاثیر المعالجات المختلفة علي المعاییر التي سبق ذكرھانسیج 

:ویمكن تلخیص النتائج فیما یلي

نمو السرطاني للورم في حیوانات التجاربتاثیر المعالجات المختلفة علي ال

وزن وحجم الورم وكذلك احداث كل منحدث اضمحالل معنویا فيقدھاظھرت النتائج ان

الجة المزدوجةالمعالجة الكیماویة والمعنتیجةانخفاض معنوي في انزیم الھستون دي اسیتلیز 

عالجات الثالثة احدثت زیادة معنویة في تجزئة محتوي الخلیة من ایضا اظھرت النتائج ان الم

زیادة معنویة ایضا في موت الخالیا السرطانیة كما ظھر من نتائج تبعةمادة الدي ان ایھ الذي ا

ایضا اوضحت نتائج التحلیل -التحلیل الھستوكیمیائي باستخدام المیكروسكوب الفلوروسنتي

علي االطوار المختلفة ان كل من المعالجة الكیماویة والمعالجة الفلوسیتومتري لتوزیع الخالیا 

.G1/G0المزدوجة احدثتا توقف لھذه الخالیا في طور ال

:لھ قدرة عالیة علي التنشیط االشعاعي حیث المستخدمدلت النتائج ایضا علي ان المركب

الجة نتیجة المع% ٢٦,٦٢- كان النسبة المئویة في اضمحالل وزن الورم المزروع-١

نتیجة 43,6%-وPIQSA نتیجة المعالجة بمركب ال %١٦,٣٨-المزدوجة  مقابل 

.المعالجة بالجرعة اإلشعاعیة منفردة
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٢--

22.73%-٩٤,١٨-&%٣٩,١٤ %

.علي الترتیبمنفردینشعاعياال

ىالدمادة كان للمعالجة المزدوجة تاثیرا معنویا واضحا في زیادة تجزئة محتوي الخلیة من3-

نتیجة المعالجة بالمادة % ٤٦,٧٧مقابل  % ٩,٢64ان ایھ حیث كانت الزیادة بنسبة 

.نتیجة التعرض الشعة جاما% ٣٧٧الكیمیائیة و

في ملموسةزیادةتاحدثقدالفلوسیتومیتري ان المعالجة المزدوجةاظھرت نتائج التحلیل4-

% ٥٢,٢٣مقابل% ٢٠٥و٢٧اليG1/G0عدد الخالیا التي حدث لھا توقف في طور ال

.باإلشعاع الجامىنتیجة المعالجة%,٥و ٥٥-نتیجة المعالجة الكیماویة

احدثت زیادة قدالمزدوجة ایضاان المعالجة- اظھرت نتائج التحلیل الھستوكیمیائيكذلك -5

52مقابل% ٣,٦19معنویة ملموسة في عدد الخالیا السرطانیة المیتة حیث كانت نسبة الزیادة

ھى نسبة الزیادة فى عدد الخالیا المیتة%٤١7,١٠و منفردةنتیجة المعالجة الكیمیائیة% ١٨,

المركب علي التنشیط ما یؤكد كفاءةم.كمعالجة منفردة ایضانتیجة التعرض الشعة جاما

وزیادة التجزئة في G1/G0االشعاعي وكان ھذا التاثیر مرتبطا بتوقف الخالیا عند طور ال

.محتوي الخلیة من الدي ان ایھ الذي اتبعھ الزیادة في موت الخالیاالسرطانیة

لم یحدث أي تاثیر معنوي ضار علي المستخدماظھرت النتائج ایضا ان المركب

لفة الممثلة للنظام الدفاعي الداخلي للجسم وكذلك لم یحدث أي تاثیرات المعاییر المخت

معنویة ضارة علي أي من معاییر وظائف الكبد او الكلي او صورة الدم في حیوانات 

مما یدل على أن ھذا المركب لیس لھ أى تأثیر ضار على النظام الفسیولوجى التجارب

.للجسم

وجيالتحلیل البیوكیمیائي و الھیماتول
أي من المعاییر عليلم یحدث أي تغیر معنوي -تاثیر المركب الكیمیائي.١

.خالل ھذه الدراسةاختبارھاتم التيالبیوكیمیائیة او الھیماتولوجیة
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احدث زیادة معنویة في محتوي الخلیة من -تاثیر التعرض الشعة جاما.٢

سم اللیبیدات الفوق مؤكسدة ونقص في النظام المضاد لالكسدة داخل ج

كذلك احدث تغیرات معنویة ملموسة في كل من وظائف الكبد .الحیوانات

.والكلي وصورة الدم

قبلبالمركب الكیمیائي الحیواناتعالجةماحدثت : المعالجة المزدوجة.٣

الشعة جاما الي تقلیل الضرر الناتج علي معظم المعاییر ضھا تعری

.ل ھذه الدراسةخالاختبارھاالبیوكیمیائیة والھیماتولوجیة التم تم 

PIQSA الركبمفعالیة تتضحسبق سرده من النتائج المتحصل علیھا خالل ھذة الدراسةمما

كمضاد لنشاط الخالیا السرطانیة وكمنشط اشعاعي وكذلك كواقي من المستخدم فى الدراسة

.لجامىااعالناتجة عن التعرض لالشعضراراال


