=)l a,9p0>
wwodall Gl o Sl pudsil 6,159
gl Aol
podell auls

Ladig paiig) Ly Sy Jud o @aiadl () L) s
O b pia g (e g prad] dpawd] G pd s i)
LSS e oyt Loy pdtiwall 5 Godsid

a>g,bl
gl asol> peolall alds (JI aolis
Aaaadd ol,9aiSMI a5 Jui wldbio (o =3xS
au bVl @ladl 9

Ji (e
Al e g A3 g
Y oee o Aaaly [/ Aiba) LS (g ) SIS
Yo Y gl deala [ duila) A piuale

bl psa

SAEER AYEYA




To...
My lovely... ... mother
My dearest... ... father
My wonderful... ... brothers and s
Whom...
| still drink deep from the fountainsfaheir
Love...
Warmth...
Comfort...

and Security...

Maha




’ Acknowledgement l

At the beginning, thanks to great ALLAH who gave me faith, health,
energy, and strength to accomplish this work.

I would like to express my sincere thanks and appreciation to my
supervisors Dr. Abdul Wahid Al-Shaibany and Dr. Nawal Al-
Khalidy for their continuous support and valuable advice during the
whole period of my study.

A word of deep thanks, appreciation and gratitude to Dr. Mohammed
Rafeeq, for his distinctive handling with my thesis, his forbearance to
reveal all the hidden points and for his specialist information in the tests
and experiments.

I owe my deep gratefulness to Dr. Suhair Al-Salihi, Dr. Samir Al-
Jubory and Dr. Hazem Al-Ahmad, for their great assistance and
patience.

With respects and regards to the Dean of College of Science and to the
Chairman and all doctors and staff in the Biotechnology department
for their consent and support through my post graduate study.

My great thanks to my colleagues Ranya, Zahraa, Maysaa, Ebtihal
and Nada.

Finally, special thanks to all persons whom they could assisted me in

any way and I can not remember them at this moment of written.

Maha




Supervisor Certification

We certify that this thesis was prepared under our supervision in Al-
Nahrain University, College of Science as a partia requirements for the

degree of Doctor of Philosophy in Biotechnology.

Signature: Signature:

Supervisor: Dr. Abdul Wahid B. Al-Shaybani  Supervisor: Dr. Nawal M. Al-Khalidy
Scientific Degree: Professor Scientific Degree: Assistant Professor
Date: Date:

In review of the available recommendation, we forward this thesis for

debate by the examining committee.

Signature:

Name: Dr. Nabeel Al-Ani

Scientific Degree: Assistant Professor
Title: Head of Biotechnology Department
Date:




This study was conducted for investigatiing teffect of heat stable
enterotoxin a (STa) produced by enterotoxigeBgscherichia coli on the
proliferation of colorectal cancer cells. A total (5) stool samples were
collected from patients suffering from diarrheaidolate E. coli strains that
produce STa, and after performing microscopic eration, cultural
characterization and biochemical identification yor{lL1) isolates showed
positive E. coli. STa activity was estimated by using suckling neoassay
(SMA) and from these (11) isolates only (5) shovéa@ activity and the one
with the highest STa activity was selected for éasgale production of STa,
which was followed by partial purification usingii@xchange chromatography,
and after purification, the yield of toxin-proteivas estimated as (1.08) mg/ml.
The specific activity varied from (350) U/mg proteat the first step of
purification to (2366.6) U/mg protein at the finatep, while the final
purification of the toxin was about (6.76) fold arndh a yield of (18.25) %.

Partially purified STa was then undergoirigeé successive different

experiments; and as follows:

Experiment one:

Evaluatingthe cytogenetic effectsf STa treatment by using five different
doses (100, 200, 400, 800 and 1600ug/Kg) in commpariwith negative
(phosphate buffer saline / PBS) and positive (mytcim C/ MMC, at doses of 2
and 5ug/Kg) controls on mouse bone marrow catisifo) by employing the
following parameters: mitotic index, chromosomal emhtions and
micronucleus, also, the serum level of liver fuoctl enzymes (GOT, GPT,
ALP) after oral administration of STa for five sessive days, was determined.
In addition, lethal dose 50 (LD 50) with certaimatopathological changes in

five organs (colon, kidney, liver, stomach and lungs also determined after



oral administration of STa for ten successive dayd at two doses (500 and
1000 pg/Kg).

Results showed that, none of the five d#fftrdoses of STa caused any
significant changes in the three examined cytogempetrameters in the mouse
bone marrow cells; precisely, neither the low dose the high one of STa
caused reduction or induction in these parameterdact, clear effect in
decreasing mitotic activity and increasing spontasefrequencies of both
chromosomal aberrations and micronucleus was regedter MMC treatment.
Furthermore, significant differences in mouse selewel of the three enzymes
were not seen at any doses of STa, while signifioashuction in the levels of
these enzymes was noticed after treatment witttvibedoses of MMC. In this
study the LD 50 test was used to investigate thiwaleeffect of the partially
purified STa, and it was shown to be not lethamice at both doses of (500
and 1000) pg/Kg, since death was not recorded, aowere no
clinicopathological effects were indicated in tHe examined mouse tissues,
however the only noticed clinical sign was diarshwhich was observed after
three days of STa treatment.

Experiment two:

Evaluating the cytogenetic effects of STa treatnisntising five different
concentrations (100, 200, 400, 800 and 1600pg/ml)comparison with
negative (PBS) and positive (MMC, at concentratodrbg/ml) controls on
human blood lymphocytesn(vitro) obtained from both (10) normal healthy
persons and (20) colorectal cancer patients by @ymg the following
parameters: mitotic index, blast index, chromosonalerrations and
micronucleus.

On the human blood lymphocytes obtained frlarmal healthy persons,
results showed that STa, and within all the diffiresed concentrations, did
not cause any significant cytogenetic changes @ dlh studied cytogenetic

parameters. While on the human blood lymphocytesingéd from patients



with colorectal cancer, STa was shown to causeifgignt decrease in both

mitotic and blast index, and especially at both cemtrations of (800 and

1600ug/ml) and this decrease was concentrationndiepé, but at the same
time non significant changes were seen in bothmbemmal aberrations and
micronucleus parameters and for the all used cdrateons. However, reduced
mitotic and blast index and induced chromosomairabiens and micronucleus
frequencies of human blood lymphocytes that wetained from both normal

healthy persons and colorectal cancer patientse wbserved after treatment
with MMC.

Experiment three:

Evaluating the cytotoxic effect of STa treaht on primary cancer cell
cultures, obtained from tumor samples that werdéectdd from (13) cancer
patients and as follows: (five colon cancer pasietwo bladder cancer patients,
two breast cancer patients, two stomach canceergatand two lung cancer
patients), and on normal cell line (rat embryonbrdblast / REF) if vitro)
with the use of different concentrations startiranf (1) mg/ml and ending with
(0.0002) mg/ml by making two fold serial dilutioyy using the 96- well
microtiter plate, and in comparison with negati?8§) and positive (MMC, at
concentration of 10 pg/ml) controls .

Results showed that, after (24) hours ofosype to STa, the growth of all
primary cancer cell cultures obtained from colonasa patients was inhibited
by STa treatment and this inhibition was concemmnatiependent. Also it was
shown that the cytotoxic effect of the high concatnn of STa was close to
that seen after MMC treatment. While no differenaese seen in the growth of
all primary cancer cell cultures that were obtairfemin the other cancer
patients, which mean that STa treatment neitheibiinimor enhanced their
growth. At the same time STa did not show or has@motoxic effect on the

normal cell line (REF).
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Chapter ene: Intreduction and Litevature Review
1.1 Introduction

Colorectal cancer is considered to be afrthe main causes of death all
around the world. Various methods and strategies baen used to treat such
kind and others of cancer. The traditional methodslude: radiation,
chemotherapy and surgery (Crawford and Kumar, 20@8cently new
approaches have been suggested and developedf thes® usind=scherichia
coli toxin, for the treatment of colorectal cancer (Morgan, 2003; Web sites (1,

2)).

Pitariet al., (2003) found thaE. coli produces a toxin, which mimics a
natural colon process and provoked diarrhea. Houydlre toxin also causes a
flood of calcium into the affected cells, stoppiogiorectal cancer cells from
replicating rapidly.

Three groups dE. coli are associated with diarrheal diseases. One of
these groups i€. coli strains that produce enterotoxins, which is called
enterotoxigenid&scherichia coli (ETEC) (Haleset al., 1992).

Unfortunately there is unexplained ineenelationship between the
incidence of colorectal cancer and ETEC infectibime toxin that produced by
ETEC, which is heat stable enterotoxin a (STa); tdaase one of the serious
forms of food poisoning may be used in the treatroé&one of the most deadly
types of cancer (Ferlagt al., 2001; Carrithers, 2003). The authors provided a
convincing evidence for the presence of a novetaadilular signaling
pathways initiated by STa that prevented the prdiion of colorectal cancer
cells.

Chemically, STa binds to the guanylylclege-C (GC-C) receptors

specifically expressed in the intestinal cells.drd binding to GC-C activates
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the intracellular synthesis of the second messengglic guanosine
monophosphate (cGMP) (Vaandrager, 2000). STa hgpeates this signaling
receptor causing large increases in the intraceleGMP. In fact, GC-C and its
ligands have been implicated in the regulationhaf balance of proliferation
and differentiation along the crypt-to-villus axis the intestine. As a result,
subsequent loss of the initiation of GC-C signalmgy represent one key
mutational event underlying neoplastic transfororain the colon (Qiamet al.,
2000; Pitari et al., 2001).

However, intestinal GC-C and its doweatn intracellular effecter
molecules are conserved in colorectal cancer. Tieipresence of STa / GC-C
induced cGMP-dependent signaling pathway, throughicc nucleotide-gated
(CNG) channels and calcium was responsible foatiteproliferation action of
STa enterotoxin on human colon cancer cells becaosérol using colon
cancer cells devoid of GC-C were without effect (fvizanet al., 1998).

This study aims to open up a new approadhe development of anti-
cancer drugs. An attempt to provide anti-cancent(f€la) for the treatment of
colorectal cancer with less or no cytotoxic effestnormal cells and with more
cytotoxic effect on cancer cells. This approachl@de reached by studying the
following:

1. Studying the cytogenetic effects of STa on mouseebmarrow cellsig
vivo), by using the following parameters: mitotic indeshromosomal
aberrations and micronucleus. Also the study inetuddetermination of
serum level of liver functional enzymes (GOT, GPALP) and
histopathological examination of some mouse tissu@sined from five
organs (kidney, liver, colon, lung and stomach).
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2. Studying the cytogenetic effects of STa in humkod lymphocytes culture
(in vitro), by using the following parameters: mitotic ingddstast index,
chromosomal aberrations and micronucleus, that wbktained from both
colorectal cancer patients and normal healthy petso

3. Studying the cytotoxic effect of STa on normall éieke and primary cancer

cell cultures that were obtained from different@ampatients.
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1.2 Cancer
1.2.1 History of Cancer

Cancer has been recognized for more than 200 yieavas reported by
Hippocrates and Galen. However, AL-Zahrawi was mmied as the first
physician who described cancer to look a little ldtab because of "finger like
projection” (Yaseen, 1990)

Cancer is a disorder of cell growth that leadsw@asion and destruction
of healthy tissue by abnormal cells. Although carwes affected human since
earliest time, it was a rare disease until the tigdncentury. Cancer now ranks
second only to heart disease as a major causeatf dethe world (Sinclaiet
al., 2000).

In Irag, at the present time, cancer is consider®dne of the most
important causes of death especially after the @altfin 1991. For this reason,
a large number of studies have been carried outinous forms of cancer with
a view to understand the biology, diagnosis anattnent of this disease.

1.2.2 Characteristics of Cancer Cells

Cancer cells are shown to be undifferentiated ¢klsk differentiation),
while most normal cells are specialized; they hawspecific form and function
that suit them to the role they play in the bodycontrast cancer cells are non-
specialized and have form and shape that are distinbnormal. They have
uncontrolled growth pattern, in which they continiee divide and form an
abnormal mass of cells called *“ tumor “ (Devéaal., 1993; Beketicet al.,
1995).

Cancer cells lack contact inhibition, and thus pitetop of one another
and form disorganized multiple layers. They haveaaimal nuclei (the nuclei
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of cancer cells are enlarged and have abnormal euaflthromosomes).

The chromosomes may be mutated, some parts maygeated and
some may be deleted (Tailor and Parakarma, 1995; LaVecchia and Tavani,
1998).

1.2.3 Genetic Basis of Cancer

Malignancy occurs after a multi-steps process thstupts the normal
control of cellular growth and cause malignant $sfarmation and unchecked
proliferation in normal cells (Kelley and Johnsd®94). Disrupted control can
be caused by genetic alterations of growth-comtiglgenes, viral infections,
increased stimulation by growth factors, or a corabon of these factors
(Weinberg, 1994; Moreno et al., 2001).

Biologists and geneticists have suspected thatectanay originate by an
alteration in the genetic content of the somatiisc&Kundson, 1989). In
addition, cancer cells frequently reveal abnornal division, suggesting that
control of division must be abnormal. Thus it wasduded that cancer is a
genetic disease (Harnder, 1984; Kundson, 1986; Bishop, 1987; Heim, €t al.,
1988; Green, 1988).

Genetic alterations found in tumors occur in geties can be grouped
into two broad categories, tumor suppressor geres [@oto-oncogenes
(Kundson, 1986).

Tumor suppressor genes normally function to maintia& nonmalignant
phenotype by limiting growth, invasiveness, andeotproperties found in
malignant cells (Rhyu, 1995). Loss of this normahdtion, often caused by
genetic alteration, leads to unregulated growth #rdtumor progression.
Tumor suppresser gene mutations are usually reeedbiat is, inactivation of
both normal copies of the genes must occur befeorealgeration in the
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phenotype of the cells occurs (Cavenee and WHI@5)L

Evidence for the existence of tumor suppresser gyemas initially
suspected by loss of malignant characteristics etlular hybrids formed
between malignant and normal cells (Cavenee ande/\I995).

The second group of malignancy-associate geneso®-pncogenes,
were originally identified as the normal cellulaorologues of the viral
oncogenes of cutely transforming retroviruses. dostcogenes have been
implicated in oncogenesis because increase in fimection lead to stimulation
of growth or development of the malignant phenotyp®oto-oncogenes
mutations are commonly dominant, requiring only ayemetic alteration to

result in an increase of abnormal function (Walla$07).

1.2.4 Biological Basis of Cancer

Cancer cells behave as independent cells, growitigomt control to
form tumor. Tumors grow in a series of steps. Tils $tep is “hyperplasia”,
meaning that there are too many cells resultingnfumcontrolled cell division.
These cells appear normal, but changes have oddhaeresult in some loss of
control of growth. The second step is “dysplasesulting from further growth,
accompanied by abnormal changes in the cells. Tl tstep requires
additional changes, which result in cells that @ren more abnormal and can
now spread over a wider area of tissue. These lsefi;h to lose their original
function; such cells are called “anaplastic’. Whitre cells in the tumor
metastasize, which means that they can invadewdiog tissue, including the
bloodstream, and spread to other locations, thihhesmost serious type of
tumor, but not all tumors progress to this point (Liotta, 1992; LaVecchia and
Tavani, 1998).
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The type of tumor that forms depends on the typeals that was
initially altered. There are five typef tumors: (Kathleen and Arthur, 1996;
Yaseen, 1994)

» Carcinomas: result from altered epithelial cell§jclhi cover the surface
of human skin and internal organs. It is the moshimon type.

e Sarcomas: result from change in muscle, bone rfabinective tissue.

» Leukemia: results from malignant white blood cells.

 Lymphoma: is the cancer of the lymphatic systensadbkt derive from
bone marrow.

« Myelomas: are cancers of specialized white blootls chat make
antibodies.

Although tumor cells are no longer dependent orctivégrol mechanisms
that govern normal cells, they still require nuttieand oxygen in order to grow
(Franks and Teich, 1991). However, all living tissuare supplied with
capillary vessels, which bring nutrients and oxygenevery cell. As tumor
enlarges, the cells in the center no longer receutéents from normal blood
vessels. To provide a blood supply for all thesall the tumor, it must form
new blood vessels to supply the cells in the cemiir nutrients and oxygen.

In a process called “angiogenesis”, tumor cells engkowth factors,
which induce the formation of new capillary bloodsgels (Roger, 2000).
Without the additional blood supplied by angiogésestumor can grow no
longer than about half a millimeter; also tumorlcetan not spread, or

metastasize to a new tissue (Selatal., 1998).
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1.2.5 Treatment of Cancer

Treatment of cancer is based on the removal akdliog of the tumor cells
while minimizing unwanted side effects on normdlsce

Surgery is often the first line of attack but ithecoming increasingly the
practice to consider cancer as a systemic disdatbe dime of first detection
and to give additional medical treatment such afmdtherapy and
radiotherapy at the same time. Medical rather thargical attack is used
because of the inaccessibility or unknown site efastatic spread (Cheresh,
1998).

The ideal treatment would be the one that remol¢hal cancer cells
without affecting normal cells. Treatments are dase preventing growth;
given that growth is such a general property ofscehethods designed to stop
it will inevitably have side effects. Therefore,etlobjective of all current
treatments is to maximize effects on the cancefsivminimizing adverse side
effects on normal tissue (Flanagan, 1998).

Drug treatment is the most widely used alternatherapy to surgery,
the majority of drug treatments are designed tougiscell proliferation. The
term "chemotherapy"” is used to describe treatmasédh on drugs that have a
broad cell specificity because they affect cellgesses such as DNA synthesis
and cell proliferation common to all cells. Compdarused for treatment are
described as being cytotoxic or cytostatic depamdiaspectively, on whether
they Kkill the cells or only stop their proliferatio Cytotoxic drugs have the
potential to cure a patient whereas cytostatic slwan prevent further growth
but not always eliminate the cancer (¥ual., 1997; Vivekan and Michael,
1997).
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On the other hand, radiotherapy, or ionizing radimis used in cancer
treatment. X-rays causes irreversible DNA damage are widely used in
radiotherapy to kill cancer cells, often in conjtiga with surgery.

However, ionizing radiation produces single- andlde-strand breaks in
the DNA, resulting in chromosome damage involvingimty deletion and
rearrangement rather than the point mutations gésekrby chemical drugs.
Another differences between the radiation and drugghat cells are most
sensitive to radiation during the G2/M phases efdhll cycle whereas early S
phase is the sensitive period for drugs. (Rog€hQp0

In addition to these three strategies, many atternpve been made for
creating or finding new approaches to treat camaér minimal or no side
effects. One of these approaches includes usinghda-stable enterotoxin
produced by enterotoxigenktscherichia coli (Morgan, 2003).

1.3 Colorectal Cancer

Colorectal cancer is a malignant neoplasm of elwtheell origin
affecting the large bowel. It is a common type oddlignancies that affect
gastrointestinal tract and it is of favorable progis provided that, it is
diagnosed and treated in an early stage. Cancectaet at an early stage, and
identifying susceptible individuals can result educed mortality from this

prevalent disease (Cortanal., 1999).

1.3.1 Epidemiology of Colorectal Cancer
Colorectal cancer is the fourth commonest form ahaer occurring
worldwide. The number of new cases of colorectalcea has been increasing

rapidly since 1975.
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The peak incidence for colorectal cancer is 60Qoy&ars of age, less
than 20% of cases occur before the age of 50 ygasienomas are the
presumed precursor lesion; the frequency with wiuclorectal cancer arises
from flat colonic mucosa remains undefined but appd¢o be low. Males are
affected about 20% more than females (Crawfordkandar, 2003).

Colorectal cancer has a worldwide distribution, hwithe highest
incidence rates in the United States, Canada, &lisstNew Zealand, Denmark,
and other developed countries. It is incidenceuisstantially lower up to 30
fold-less in India, South America, and Africa (Gtérers, 2003)

In Irag and according to the latest Iraqi Cancegifey reports , the
colonic malignancies represented about 4.7% oprathary malignant tumors
registered during the period from 1995-1997 (2.20demales and 2.5% in
males ). While rectal malignances represented ahd@ (1.5% in females and
1.9% in males). The crude incidence rate in Iragcfmonic malignancies in
1997 was 1.30/100,000 of population, and that ¢dreatal malignancies was
0.83/100,000 of population.

In addition, the annual number of new cases ofreatal cancer in 1997
was 354 (193 in the colon and 161 in the rectunay(ICancer Board, 1999).

1.3.2 Histological Typing of Colorectal Cancer
The World Health Organization (WHO) has classifiedlorectal
carcinoma as follows: (Jass and Sobin, 1989)
* Adenocarcinoma; glandular epithelium.
e  Mucinous adenocarcinoma; more than 50% extracellular mucin.

» Signet-ringeell adenocarcinoma; more than 50% intracytoplasmic

mucin.

10
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» Sqguamous-cell carcinoma; exclusively squamousreifiiation.

* Adenosquamous carcinoma; adenocarcinoma plus sqsaoed
carcinoma

 Small-cell carcinoma (oat-cell carcinoma), similao small-cell
carcinoma of the lung (with neuroendocrine diffdiaion).

» Undifferentiated carcinoma; no glandular structoreother feature to

indicate definite differentiation.

Colorectal adenocarcinoma and mucinous adenocanein@ometimes
still termed mucoid or colloid adenocarcinoma) aouofor 90-95% of

carcinomas. All other types are uncommon (Hermah@88).

1.4 Tumor Cell Lines

There has been a great deal of frustration amongy nmavestigators
trying to establish cell lines of both human andve tumor cells. The great
difficulties in working, involving numerous unsussful attempts, many of
which have remained unpublished, have lead to @dmelagsion that cell line
establishment is controlled by the rare occurresica tumor with a built-in
potential for long termn vitro growth and by the application of intriguing
culture techniques. Therefore, in all fairness, ynatientists attempt to
establish continuous cell lines have failed (Fresthi986).

Fogh and Trempe (1975) stated that many factoist e considered in
this respect, including the choice of material®llection procedures, lapse of
time between the clinical procedure and prepardboiissue culture, technical
competence of assistants, and incidental factoosvkrto everyone working in

tissue culture. One thing, however, stands out a®relusion; the careful

11
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attention to all the minute details provided by thedicated tissue culturist
seems to be the most important of all these factdiserefore, many

investigators have encountered great difficultregstablishing cell lines from

human and animal solid tumors and ascites flurdspite of numerous attempts
(Peregaet al., 1994).

It is now apparent that some tumors can be cultopate frequently,
other types, however, having not yet yield celein\Wassermad al., 1992).
Cultures derived from embryonic tissue will survamd grow better than those
from adults which their initiation and propagatiare more difficult, and their
lifespan is often shorter. This presumably refletk® lower level of
specialization and presence of replicating precussstem cells in the embryo
(Simmons and Marmion, 1996; Young and Black, 2004; Zwaka and Thomson,
2005).

Normal tissue usually gives rise to cultures withnéte lifespan, while
cultures from tumors can give continuous cell ligBey et al., 1988; Young
et al., 2004).

Freshly isolated cultures are known as primaryuca$ until they are
passaged or subcultured. They are usually hetereeges and have a low
growth fraction, but are more representative ofdbk type in the tissue from
which they have been derived and in the expressidissue specific properties
(Freshney, 1986).

Primary cell cultures are quite short-lived , soreds frequently persist
in culture for months , without dividing at all aticen eventually die too. Still
other cells begin to divide rapidly and continue do so for some time,
however, many of these cells also die after a pgesibich varies from weeks to
months (Nelson-Rees al., 1981; Dykes et al., 1992).
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If the cells multiply repeatedly for a long timeeth can often be
"passaged", this is usually achieved by first abtay the cells in suspension
(trypsinization process) and then inoculating thie a new culture vessel along
with a fresh medium. As soon as cells have beesagasl in this way, the
culture is designated as "primary cell line" (Mclans, 1979). Primary cell
lines go on dividing at quite a high rate for agaimme and can be passaged
repeatedly. Even after quite a large number ofgggess some primary cell lines
cease to proliferate and die out. However someticedidines can be cultured
for such a long time that they apparently have pesl to be subcultured at
least more than 50 passages at intervals of ttage loetween each subculture
such cell lines are called "established cell ling&tanley and Parkinson , 1979).

Paul (1970), previously described the propertiesesfablished and
continuous cell lines, which are these cell linleat tbehave in a remarkably
similar manner whatever their origin , they haversidoubling time , usually
aneuploid or polyploid, also there is considerad@ation in chromosomes
number and constitution among cells in the popotaéind cell line , have very
similar nutritional requirements whatever theirgom , grow to much higher
densities than primary cells lines, often grow wedim dilute inocula, loss of
contract inhibition and most of them can be esshlll in suspension culture
(anchorage dependence), whereas it is exceptiongtimary cell lines to grow

In suspension

1.4.1 Applications of Tumor Cell Lines for Establishing the Effect

of Secondary Metaboliteson Tumors

To study the effect of any compound and to identiig mechanism
through which that compound affect cancer cellses® requirements should
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be available, and the most important one is tunadlr Imes (Grafoneet al.,
2003).

In 1990, The National Cancer Institute (NCS) in Uated States put a
new style to study the effect of different composirah different tumor cell
linesin vitro, through providing many tumor cell lines from @ifént types of
cancers, by using a simple method which makessi &adeal with those lines
and to give results which are so close to the rgi8oyed, 1998).

In general, some of these unknown compounds teatrater study could
have a cytotoxic or non-cytotoxic effect on cels, several items have been
employed to study the cytotoxic activity of the nokvn compounds, which
are: (Wilson, 2000)

» Discovering compounds which have an effective @gton cancer cells.
» Understanding the mode of action of these compoandsancer cells.

» Predicting the anti-cancer activity for these comyuts.

» Discovering the target cells for these compounds.

» Determining the optimal concentration for the asttompound.

* Understanding the relation between the conceniradod time of

exposure of the cells to the active compound.

Recently, it has been shown that, the use of th&ayic assays became
so basic and important for the discovering of a remtive compounds for
economic reasons and for reducing time that reduivben using laboratory
animals. It has been discovered that, the cytotaxiivity for the unknown
compounds on cancer cells could be either reversiblirreversible, and their
effect could be immediate or extend for severalkggereshney, 2000)

The importance of tumor cell lines comes from maf the biological
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basis for canceimn vitro, in which these cells are available in a unifotmagse
which comes from a pure cell population that i ffeom any contamination
(Tomet al., 1976).

Testing of cytotoxic activity have many advantagdsgives us a
statistical analysis that are simple and accuramich makes no need for
making duplicates , moreover, the relationship leetwthe concentration and
the time of exposure could be controlled more thawivo , and with the
possibility of controlling the physical , chemicaand physiological
environmental factors ,also it could be possibledioing a lot of steps through
one experiment with simple requirements by usingratitration system. On
the other hand, the limits for these cytotoxic gssavolve; the difficulty for
following up the pharmacokinetics of the compoundiitro as itin vivo, in
which the metabolic activityn vitro depends on the target cell itself, whife
vivo it depends on many cell types. The period of libgaric phase of cancer
cellsin vitro is shorter thamn vivo which in turn has a negative effect on the
mechanism of action of the compounds that have lesed against cancer.
Also the permeability of cancer cell differs in ggathan invivo (Freshney,
2001).

1.5 Escherichia coli (E. coli)

Escherichia coli was first described by Theodore Escherich in 1888y
isolation from infant stool suffering from entesitiand it was soon shown that
this organism could also be isolated from the stddiealthy infants and adults
( Edward and Ewing 1986).

The organism typically colonizes the infant gastrestinal tract (GIT)
within hours of life and, thereafteE, coli and the host derive mutual benefit.
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This organism is distributed in the environmentvasdl as in the bowel of
human and animals. It is also present in the waipplies as an indicator of a
recent fecal contamination and the potential presenf enteric pathogens
(Mackie and MacCartney 1996).

E. coli usually remains harmlessly confined to the intedtilumen.
However, in the debilitated or immunosuppressed, lmvavhen gastrointestinal
tract barriers are violated, even normal (non pgeha) strains oE. coli can

cause infection (Paton and Paton, 1998).

1.5.1 General Characterization of E. coli

Escherichia coli is a specie of the genus Escherichia within thmil{a
Enterobacteriaceae. It is a short, straight gragatne bacilli, usually motile
with flagella, it occurs singly or in pairs in raby growing liquid cultures. It is
often have capsule or microcapsule and a few strgroduce profuse
polysaccharide slime. All strains are non-sporenfag bacilli that grow both
aerobically and anaerobically on ordinary labonataredia (Prigentet al.,
2000; HaveLaar et al., 2001). They are oxidase negative but catalaseiymsi
ferment glucose ; D-manitiol , and D-mannose ; dofarment inositol ; give
positive reaction in the methyl-red and indole 4dsit show negative reaction
for the voges-proskaur , citrate , and phenylalmieaminase tests ; generally
urease negative ; do not producgSHn triple sugar iron agar (Macfaddin,
2000).

The optimal growth temperature is (36-37Y, @ough growth occurs
over a fairly wide temperature rang (18-44) Sbout 99% of strains recovered
in clinical laboratory, ferment lactose and thuswgias a smooth, glossily, pink
colonies on MacConkey agar, and strains that apsutate, forming mucoid
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colonies on solid media (Edward and Ewing, 1986).
1.5.2 Serotyping of E. coli

Serotyping ofE. coli occupies a central place in the history of these
pathogens. Prior to the identification of specificulence factors in the
diarrheageni@. coli, serotypic analysis was the predominant means Highw
pathogenic strains were differentiated (Bettelhamd Thompson, 1987).

In 1933, Adaw showed that by serological typingisis ofE. coli could
be implicated in out breaks of pediatric diarrneal944, Kauffman proposed a
scheme for the serologic classificationEbfcoli which still in modified form
today (Nataro and Kaper, 1998). According to thelired Kauffman scheme,
E. coli strains are serotyped on the basis of their O |-(esl
lipopolysaccharide), H (flagellar protein), and Bapsular polysaccharide or
envelope antigen) antigens. The O antigens arbdhestable somatic antigens
that are inactivated by heating at 100 or 121 e H antigens are the heat-
liable protein antigens contained in the flagellah@ bacteria. The K antigens
are the heat liable somatic antigens of the bac({®ettelheim and Thompson,
1987; Frank and Belfort, 2003; Sharon et al., 2005).

1.5.3 Common Themesin Diarrheagenic E. coli Virulence

Like most mucosal pathogers,coli is said to follow a requisite strategy
of infection: colonization of mucosal site, invasioof host defense,
multiplication, and host damage. The most highlynssyved feature of
diarrheagenicE. coli strains is there ability to colonize the intestimaicosal
surface despite peristalsis and competition foriawits by the indigenous flora
of the gut (Gorbacht al., 1998; Ogata et al., 2004)
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The presence of surface adherence fimbriae is pepsoof virtually all
E. coli strains, including non-pathogenic varieties. Hogrediarrheageni&.
coli strains have specific fimbrial antigen that entarnbheir intestinal
colonizating ability and allow adherence to the bimawel mucosa, a site that
is not normally colonized (Levinet al, 1984; Soto and Hultgren, 1999; Otto et
al., 2001).

Once colonization is established, the pathogenrategiies of the
diarrheagenic E. coli exhibit remarkable variety, such as enterotoxin
production, invasion, and intimate adherence witnmorane signaling. The
versatility of the E. coli genome is conferred mainly by two genetic
configurations: virulence-related plasmids and ofwsomal pathogenicity
island (Goastra and Svennerholm, 1996; Qadri et al., 2000).

As long asE. coli, as a common member of the normal flora of large
intestine, does not acquire genetic elements engddr virulence factors, they
remain benign commensals. Strains that acquireebaphage or plasmid DNA
encoding enterotoxins or invasive factors becomealemt and can cause plain,
water diarrhea or inflammatory dysentery (Natard Eaper, 1998).

Three major groups OE. coli are associated with diarrheal diseases;
First, E. coli strains that produce enterotoxins which calledt€Exoxigenic
Escherichia coli / ETEC), there are numerous types of these toxamsesof
them are cytotoxic, damaging the mucosal cells, redme other are merely
cytotonic, including only the secretion of waterdaslectrolytes. The second
group ofE. cali strains has invasion factors and cause tissugsidiésn and
inflammation resembling the effect o#higella, called (Enteroinvassive
Escherichia coli / EIEC). The third group called (Enteropathogdascherichia
coli / EPEC) includes strains associated with outbredkiarrhea in newborn
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nurseries but not producing recognizable toxinseasion factors (Halest al .,
1992).
1.6 Enterotoxigenic E. coli

EnterotoxigenicE. coli (ETEC), is an important cause of bacterial
diarrheal iliness. Infection with ETEC is the leaglicause of traveler's diarrhea
and a major cause of diarrheal disease in the @hol@ng nations, especially
among children (Raet al., 2003). ETEC is transmitted by food or water
contaminated with animals or human feces. Althoitgbauses a significant
amount of illness worldwide, the infection will eod its own and is rarely life
threatening (Seaet al., 1995).

Strains of ETEC are characterized by the structpilalthey produce.
Whereas almost alt. coli strains produce common type mannose-sensitive pili
only ETEC produce specific type of mannose-resigtédn these are important
in facilitating colonization of the mucosal surfacé the human intestine
(Keshimaki, 2001).

ETEC strains produce two types of enterotoxinsy hable-toxin (LT)
and heat-stable toxin (ST). LT is a large oligomaoixin that is closely related
to cholera toxins. In contrast, ST is a small moanmtoxin that is closely
related taShigella toxins (Eisinghorst and Weitz, 1994).

1.6.1 Pathogenesisof ETEC

Diarrheal disease caused by ETEC is contractedydogl ingestion of
food or water contaminated with pathogenic stréiedsby an infected person.
ETEC diarrhea occurs in all age groups, but maytaE most common in
infants, particularly in the most undernourished noalnourished infants in
developing countries (Olsvikt al., 1991; Ohno et al., 1997; Fegundes and
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Scaktsk; 2000; Cohen et al., 2005).

The pathogenesis of ETEC diarrhea involves two sstaptestinal
colonization, followed by elaboration of diarrheageenterotoxins (Firdaust
al., 2005).

ST, can stimulate intestinal guanylyl cyclase, émezyme that converts
guanosine 5'-triphosphate (GTP) to cyclic guanosiBienonophosphate
(cGMP). Increased intracellular (cGMP) inhibit isti@al fluid uptake resulting
in net fluid secretion (Bakre and Visweswariah, 299

One method for testing suspeEt coli isolates for ST production
involves injection of culture supernatant fluidarthe stomach of infant mice
and seeing whether diarrhea ensues (Giannella)1976

ETEC, also produce another type of enterotoxini-halale toxin (LT).
Its mechanism of action is similar to that of chaldoxin. It acts on the
membrane bound adenylyl cyclase, the enzyme thawects adenosine
triphosphate (ATP) to cyclic adenosine monophospl{aAMP). An excess
production of (CAMP) lead in turn to hyper secratiof water and electrolytes
into the bowel lumen (Dreyfug al., 1993).

LT production is demonstrated by serologic methotesting for
diarrheagenic activity in ligated rabbit intestiremd by testing for specific
cAMP mediated morphological changes in Chinese temevary cells
(Guerrantet al., 1974).

1.6.2 Heat-Stable Enterotoxin
The heat-stable enterotoxin (ST) is one of the twajor types of
enterotoxins produced by enterotoxigertischerichia coli, which causes

diarrhea in neonatal animals, human infants, aaseters to undeveloped
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countries (Lawrencet al., 1983; Cohen €t al., 1993; Pitari et al., 2003).

The heat-stable enterotoxins are a family of clpgelated peptides.
They are classified into two structurally, functly, and immunogenically
unrelated types, namely STa and STb (Burgassl., 1978; Weikel and
Guerrant, 1985; Clare et al., 1999), which, respectively, are also known as STI
and STII. STa is methanol-soluble and infant miceva peptide toxin, while
STb is methanol-insoluble and active in pigs, Imatctive in infant mice. The
toxic activity of STa is resistance to proteasefiset al., 1980; Dreyfus et
al., 1984), while that of STb is inactivated by treatmeith trypsin (Whipp,
1987).

The biochemical, physiological and immunologicabgmrties and amino
acid composition of STa enterotoxins characterisedfor are remarkably
similar (Yoshimuraet al., 1985; Yamankaet al., 1997), they have a common,
highly conserved region with ten amino-acids, idabg six cysteine residues,
located in the same relative positions and linketlamolecularly by three
disulphide bonds, which suggests that these eotenst have similar tertiary
structures (Shimonislet al., 1987; Okamato et al., 1995)

STa is translated as a precursor molecule of 72n@naicids and
undergoes two cleavage events before the secrettittre mature form into the
culture supernatant. Mature STa is a small peghdé ranges from 17 to 19
amino acids with a molecular weight ranging betw¢200-4000) dl. The
conserved region is essential for toxicity andhbat-stable nature of the toxin.
However the gene for STa production is generaligiplid-mediated (Yamanka
et al., 1994; Giannella, 1995; Yamanka and Okamato, 1997).

1.6.2.1 Receptorsfor STain Intestinal Tissue

The first step in the biological action of STa ts interaction with
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specific high-affinity receptors. STa binds to aenegeneous group of specific
glycoprotein receptors on the brush borders ofritestinal epithelial cells (Rao
et al., 1980; Dreyfus and Robertson, 1984; Carrithers et al., 1995), and this
binding stimulates a membrane bound enzyme guancybthse, which in turn
leads to an increase in the intracellular concéntraof (cGMP), and this
culminates in inhibition of Naabsorption and stimulation of Glecretion
(Jonge and Lohmann; 1985; Hirayama et al., 1989; Kimberly et al., 2000) .

Guanylyl cyclase is a family of enzymes that catalyhe conversion of
GTP to GMP. The family comprises both membrane-doamd soluble
isoforms. They are regulated by diverse extracail@gonists that include
hormones, bacterial toxins, and free radicals (Bedhset al., 1995; Cagir et al.,
1999).

Stimulation of guanylyl cyclase and the resultasduanulation of cGMP
regulate complex signaling cascades through imnediewnstream effectors,
including cGMP-dependent protein kinase, cGMP-raga phosodiesterases,
and cyclic nucleotidegated ion channels. Guanyyglase and cGMP mediated
signaling cascades play a control role in the @gul of diverse (patho)
physiological processes including; vascular smoathscle motility and
intestinal fluid and electrolyte homeostasis (Ap@ariand Applebury 1996;
Ameset al., 1999).

The receptor to which STa bind is called "guangytlase-C" (GC-C),
disruption of the gene encoding GC-C in mice reslih resistance to STa-
induced diarrhea, demonstrating that GC-C is abslgluequired for STa-
induced intestinal secretion. High affinity recaptéor STa are localized in the
brush border membranes of enterocytes from the etuod to the rectum
(Krause etl., 1994).
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1.6.2.2 Relation between STa and Colorectal Cancer

Colorectal cancer exhibits low incidence in undepeld countries, even
though it is the third most common neoplasm wortterjGreenleet al., 2001;
Hawk, etal., 2002)

This geographical imbalance suggests an enviroraheontribution to
the resistance of endemic populations to intestme&dplasia. Although the
epidemiology of colorectal cancer remains poorlgemstood, there is clearly
an unexplained inverse relationship between thelémce of colorectal cancer
and ETEC infections (Ferlagt al., 2001). Drawing from these observations the
authors introduced an interesting hypothesis thatciic peptide (STa)
elaborate from ETEC may prevent the hyperprolifeeatand neoplastic
development of intestinal epithelial cells that associated with the initiation
and progression of colorectal cancer (Carrithed632.

Although a direct causal relationship between STEalated infectious
diarrhea and low cancer rates in the undevelopedtdes has not been proven,
the authors provide convincing evidence of the gmes of a novel intracellular
signaling pathway initiated by STa that preventlifeation of colon cancer
cells (Pitariet al., 2003).

Mechanistically STa binds to guanylyl cyclase-C (GLreceptors, and
this binding activate the enzyme guanylyl cyclaskich in turn activates the
intracellular synthesis of a second messenger cGNIB, STa hyperactivates
this signaling, causing large increases of cGMRellgWaandrager, 2002).
However, GC-C and its signaling pathway have bestugonarily conserved
in a wide variety of animal species, suggesting thanust play a role of an
important aspect in intestinal physiology. In thigy, STa represent molecular

mimicry where in enterotoxigenic bacteria have eegdl a strategy for its
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transmission that exploits normal intestinal phiggly (Uzzau and Fasano,
2000).

Indeed, STa is structurally and functionally hongmos to the
endogenous peptides, guanylin and uroguanylin, lwimediate autocrine /
paracrine control of intestinal fluid and electitelyiomeostasis (Forte, 1999).

In fact, GC-C has been implicated in the regulatdrthe balance of
proliferation and differentiation along the crypttillus axis in the intestine
(Qianet al., 2000; Pitari et al., 2001).

Interestingly, expression of guanylin and uroguamid lost during colon
cancer tumorgenesis (Cohetnal., 1998; Steinbrecher et al., 2000). In support
of these studies, targeted inactivation of the raogsanylin gene results in
increased colonic epithelial proliferation (Kassal., 2002).

It was demonstrated that oral administration ofguamylin suppresses
the formation and progression of adenomatous palypsouse animal model
of colorectal cancer, in which the uroguanylin gbad been inactivated (Yang
et al., 1997; Shailubhai et al., 2000).

In fact, Pitari and his coworkers demonstrated fhresence of
unrecognized STa/GC-C induced cGMP-dependent signphthway, through
cyclic nucleotide-gated (CNG) channels and calcitesponsible for the anti-
proliferation action of bacterial enterotoxin omiman colon cancer cells (Qet
al., 2000).

However it was shown that STa-mediated inhibitidrDNA synthesis
and cellular proliferation in colon cancer cellssnaC-C dependent because
controls using colon cancer cells devoid of GC-Crewavithout effect
(Waldmanet al., 1998). The essential role of €anflux is underscored by
chelating of free cytosolic (C3, which reversed the anti-proliferative action of
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STa. Also, depletion of (C3 abolished the ability of STa to inhibit cancell ce
proliferation, whereas increase in {€)aestored the anti-proliferative effect of
STa (Hoult et al., 1988; Levine, et al., 1991; Brayden et al., 1993;
Bhattacharya, 1998).

In conclusion, the signaling cascade suggestetidwauthors is: ETES
STa — CG-G—» cGMP— CNG channel— Cd&? entry — tumor growth
inhibition.

1.7 Cytogenetic Analysis

Cytogenetic assays have been used since the €#03s.1Cytogenetic
analysis is widely employed indication system fog evaluation of physically,
chemically and biologically induced mutations. ltows for the objective
evaluation of genetic material damages and it meghod that permits direct
image analysis for the chromosomal damage (LIeyaidl, 1998; Osuji, 2003).

Cytogenetic analyses have been proved to be goobdediable for the
mutagen-carcinogen exposure and chromosomal aberr@ilakanishi and
Sdhneider, 1979: 1984 Gebhart, 1981; Greulich et al., 2000; Lindholm and
Edwards, 2004).

Chicken embryos were the first to be utilizednnvivo analysis (Bloom
and Hsu, 1975) but later mice became the animat meguently used due to
their fast reproduction, small size, easy handlangd represent a typical
mammalian system (Ticet al., 1989; Haung et al., 1990). Rabbits have also
been used, but less frequently (Stetka and Wolf, 1976; Garriott et al., 1995).

Concerningn vivo andin vitro analysis, there are obvious advantages of
each approach for the screening of compouhdsvivo analysis stimulates
humanin vivo exposure and can detect compounds which requitaboie
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activation and utilize normal cell population. Whih thein vitro analysis; the
delivery of the compound will not be affected by tbatabolic and excretory

mechanisms operative in the intact organisms (Schneider and Lewis, 1982; Wu

etal., 2003).

1.7.1 Blast Index (BI)

To measure cellular response to mitogens in termindiction of
proliferation, a specific chain of morphologicaldaniological changes occur in
the lymphocyte when activated by specific mitogersuch as
phytohaemagglutinine (PHA) and concavalin-A (ConthAat activate T-cells,
pock weed mitogen (PWM) that activates both T- &iymphocytes and
lipopolysaccharid (LPS) that activate onlycBis (Soren, 1973; Nowell, 1980).

Activation occurs through four phases that begithwesting or silent
phase (GO0), the first growth phase (G1), protenh munclei synthesis phase, and
finally the second growth phase (G2). The restimgse begins when the
specific mitogen binds through a specific ligandhwa receptor on the surface
of lymphatic cell (lymphocyte), which leads to thetivation of the enzyme that
responsible for the activity of the cell such aslicyguanidine monophosphate
(CGMP) and whose percentage increase during teerfimutes of activation
and thus leads to the appearance of the morphalogh@anges as result of the
transformation of rest, small cells (Lymphocytes) blast cells called
(Lymphoblast ), where there is an increase in tlze sf lymphatic cells ,
increase in the number of vacuoles, and the nbeleome more visible inside

the cells as a result of the accumulation of theeus’s proteins (Stites, 1994).
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1.7.2 Mitotic Index (MI)

Proliferating cells go through a regular cycle wémrts, the mitotic cell
cycle, in which genetic material is duplicated aivlded equally between two
daughters. This is brought by the duplication afhreehromosome to form two
closely adjacent sister chromatids, which sepdrata each other to become
two daughter chromosomes. These along with ther atm®mosomes of each
set are then packaged into two genetically idehtdaughter nuclei. The
molecular mechanism underlying the cell cycle ighli conserved in all
organisms (Eva, 2001).

Mitotic abnormalities often arise directly from defs of centrosome
and/or mitotic spindles, which then induce prolahgeitotic arrest or delayed
mitotic exit and trigger induction of apoptosis (Mwedo and Gajabe, 2003).
Recent reports have demonstrated that entry intosmiin the presence of
damaged DNA leads to inactivation of centrosomesimétion of aberrant
spindles and blockage of chromosome segregatidnchwonsequently delays
mitosis progression and induces mitotic abnorneaifHutet al., 2003; Takada
et al., 2003). In addition, chemical or pharmacologicdtibition of the DNA
damage checkpoint at the G2 stage induces premaiurg into mitosis and
subsequent initiation of apoptosis (Sampath andkeli, 2001).

An additional evaluation of the potential of phydiand chemical agents
in producing effects on cells can be carried outbglyzing the proportion of
mitotic cells and calculating a mitotic index. Degsion of the mitotic index is
usually a consequence of a reduced rate of celifemation (mitotic delay)
(Gallowayet al., 1994).

The researches had indicated that this assay westexf by the

mutagenic and carcinogenic materials in which fithese materials can affect
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MI either in vivo or in vitro (King et al., 1982; Shubber and AL-Alak, 1986;
Ekanem and Osuyj2006; Guleray and Lokman, 2005).

1.7.3 Chromosomal Aberrations (CAS)

The increasing variety of chemicals, radiations atigkr physical agents
we are exposed to now a day has stimulated thelapewent of many rapid
reliable assays for the detection of the mutagsnam carcinogenicity of such
agents. One of these methods is the chromosomeatibrrassay (Lambest
al., 1978; Arditoet al., 1980; Catherine et al., 1998; Natarajan, 2002; Prakash
et al., 2005).

During the course of meiosis, portionglmformosome are often relocated,
moving within the chromosome itself or betweeneati#int chromosomes. This
process produces changes in the morphology of ihemmsome itself, which
are referred to as chromosomal aberrations (CAms)a§e, 1979).

Chromosomes are the structures that hold our geBemes are the
individual instructions that tell our bodies howdevelop and keep our bodies
running healthy. In every cell of our body there 80,000 to 25,000 genes that
are located on the 46 chromosomes (Beehal,, 1984 Holland, 2005).

CAs test serves to detect structural chromosomadrations, as may be
induced via DNA breaks by various types of mutag&ush DNA breaks may
be either rejoin, such that the chromosome is regtto its original state, rejoin
incorrectly or do not rejoin at all. These last teaases may be observable on
microscopic preparations of metaphase cells (Mbatsc 985; Savage, 1998;
Handeet al., 2003).

The most important thing that, the chromosomalcstmal abnormalities
can be distinguished when the cell is in the metaplhof the mitosis (Evans,

28



Chapter One ------ -- m-mmmmm - Introduction and Literature Review

1976). The chromosomal studies are rapid, sensitefgroducible, and yield
guantitative measurements of breaks and gaps oticndthromosomes resulting
from mutagenesis in G2 cells. The principle usedsizis of scoring
microscopically identifiable breaks and gaps inatinit chromosomes (Becher
al., 1984; Priseet al., 2001).

Numerical and structural aberrations are importarttccurrence of both
congenital abnormalities andnzar (Preston, 1987; Koshurnikova et al., 2000;
Gilbertet al., 2000; IAEA 2001)

Therefore everyone should have 46 chromosomesniratso cells of his
body. If a chromosome or piece of a chromosome issing or duplicated,
there is missing or extra gene respectively. Whearaon has missing or extra
informations (genes) problems can develop for thdtvidual’s health and
development (Ishil and Watatani, 1983).

The in vitro chromosome aberrations were used to identify agiats
cause structural chromosome aberrations in cultune@mmalian cells
(Galloway et al., 1994). Structural aberrations may be of two $ype
chromosome or chromatid. Structural aberrationshobmosomes are common
in nature and have apparently played a significalet in evolution. They occur
spontaneously, but the frequency is increased byzimg radiation. While
chromatid structural aberrations are induce by et@nmutagens (Evans and
Orirdan, 1977; Sachs et al., 1997; Natarajan, 2005).

Most chemical mutagens and non-ionizing mutagemidiations are
unable to cause double strand breaks in DNA andraehly in the single-
strand DNA synthesis phase of the cell cycle, saghnts produce mainly
chromatid-type aberrations (OECD, 1997).
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Cytogenetic monitoring of hospital workerspeged to low doses of
ionizing radiation has been carried out by mearemnalyzing the frequencies of
chromosomal aberration or centromere positive migetei (Hagelstronet al.,
1995), comparing the results with those of a congroup, a biologically
significant result was obtained. Haneteal., (2003), found a greater frequency
of acentric chromosomes in workers occupationadgosed to radiation for
radiological diagnosis, when compared with contrdividuals.

So according to Kasuba al., (1995), the evaluation of structural
chromosomal aberrations of the general populatisnneécessary for the
interpretation and recognition of the pattern afp@nses in a population which
Is occupationally exposed to physical and chenmuathgens.

Techniques to prepare and stain chromosame mproved gradually in
the last decades, parallel with increased abilay identify and quantify
chromosome aberrations, thus leading to a bettgerstanding of their origin
(Obe and Natarajan, 2004).

The types of chromosomal aberrations that had bewserved are:
(Tamarin 1996; Obe and Natarajan, 2004)

» Chromatid-type aberration: is a structural chrocthdamage expressed as
breakage of single chromatid and reunion betweernaétids.

 Chromosome-type aberration: is a structural chrames damage
expressed as breakage, or breakage and reunibatto€hromatids at an
identical site.

» Gap: is a chromatic lesion smaller than the widtloree chromatid, and

with minimum misalignment of the chromatids.

» Deletions: loss of segment, chromosome deletiomrgowhen apart of a

chromosome (s) has been deleted. A deletion camurooa any
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chromosome, and can be of any size (large or small)
* Ring chromosome: could happen in two ways:
First the ends of the p and q arm breakaofi then stick to each
other resulting in loss of informations. Secohd &nds of the p and g
arm stick together (fusion) usually without losswdterial.
* Acentric: fragment when a centromere is lost, arro@mtric

chromosome is created which is usually lost dunnagosis.

1.7.4 Micronucleus (MN)

Micronuclei are cytoplasmic chromatin masaé$ the appearance
of small nuclei that arise from chromosomes laggatganaphase or from
acentric chromosomal fragments (Kirsttal., 2003).

As an alternative to classical metaphase analyfstsfrequency of the
occurrence of micronuclei in treated cells providesomparatively rapid and
sensitive indication of both chromosomal aberrati@md chromosomal loss
that lead to numerical chromosome anamsa{Roberts and Sturrock, 1973;
Miller et al., 1997; Miller et al., 1998).

The first serious attempt to use micronuclei asomitor of cytogenetic
damage appears to be that reported by Eward., (1959); they used the
micronuclei frequency to measure the cytogenetoatge induced in root-tips
by fast neutrons and X-rays in the presence andnalksof oxygen. It was
found that all chromosome and chromatid breaksyelsas asymmetrical and
incomplete symmetrical exchange, will give rise doentric fragments at
mitosis, and that these fragments are frequentbuded from the daughter
nuclei and appear in the following interphase asomuclei.

Subsequently, Schroder (1966, 1970) recommendedusiee of bone
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marrow smear to detecin vivo damage from chemical mutagens and
demonstrated the occurrence of micronuclei in boaerow cells in connection
with cytogenetic damage.

Beginning about 1970, Schmid and coworkers and leedhitiated
studies to determine which parameters might seswbemost useful indicators
of cytogenetic damage in bone marromwvivo (Schmid and Staigern969;
Boller and Schmid,1970; Mather and Schmid, 1971; Matter et al., 1973;
Heddle, 1973).

This work led to the conclusion that the incidermfemicronucleated
polychromatic erythrocytes (PCEs) was a particuladeful index ofin vivo
bone —marrow cytogenetic damage. Others (Gargtod., 1995; Von et al.,
2000; Varga et al., 2005) had also begun to explore the use of mi@lenin
cytogenetic studies of mutagens, but the work ¢fn8d and coworkers is of
particular historical importance because it lecdily to the development of a
simplein vivo test based on the identification of micronuclePBGEs of mouse
bone marrow. This assay is now in such wide spresedthat is commonly
referred to as "micronucleus test" (Schmid, 1976).

The increasing use of micronucleus assay undouybtsims mainly
from the primary advantages of speed and simpli¢itgddle (1973) pointed
out that scoring for micronuclei was considerabtyrenthan 10-folds faster than

metaphase scoring at a similar power of test.

1.8 Chemotherapy drug (Mitomycin C)

Mitomycin C (MMC) is a mutagenic anticancer dru@ttis given as a
treatment for several different types of canceiluiding; gastric, colorectal,
lung, liver, uterine, breast, ovary and bladderceanSartorelliet al., 1994;
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Toshihiro, 2005). Mitomycin C is an antibiotic iatéd from the fermentation
of Streptomyces capspitosus that interrupts DNA replication and inhibit mitesi
(Costest al., 1993).

MMC is a very old established chemotherapy dmig@xert its action by
combining with DNA in cancer cells and inhibiting\IB\ replications through
the formation of cross-linkage to double strand@dAD and thus the cell can
not reproduce it self. It has been evidenced tkHs$ in the later G1 phase of
cell cycle through the early S phase of DNA synthese highly sensitive to
mitomycin C (Fingeet al., 1998; Undeger et al., 2004).

However, MMC has many side effects,tiest common are:

Lowered resistance to infection

» Bleeding

* Anemia

* Loss of appetite

» Tiredness and general feeling of weakness
While the less common side effects are:

* Nausea

e Changes in the lung tissue

« Hair loss

» Skin changes

* Changes in nails

« Kidneys may be affected (Cautretlal., 1985).

1.9 Enzymatic Assays (Liver functional enzymes)
Enzymes are proteins that carry out most of datlysis in the living

organisms; they catalyze all the biochemical reastiby forming enzyme-
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substrate complex. Without assistance of enzymest mbd the chemical
reactions of metabolism would barely proceed atRlilip and Donald, 1987).

Enzymatic assays are essential for estigathe amount of enzyme
present in a cell or tissue after injury to helpthe evaluation of the person's
condition, whether he / she at a risk or not (Kra988).

However many reports are concentratedtodysig the toxic effect of
different drugs and chemical compounds on the Jigaice the liver is the
major organ in the body in which the metabolism datbxification of different
compounds occur, by evaluating the level of diffedever enzymes especially
when these compounds have different medical uses (Mathur and Dive, 1981;
Al-Amiry, 1999).

Also, the elimination of the toxic effectd these drugs and chemical
compounds by another different types of substahessbeen studied through

the evaluation of liver enzymes level (Shamregal ., 1999; Hassan, 2002).

1.9.1 Glutamate Oxal oacetate Transaminase (GOT)

The enzyme GOT, also known as asparégatgnotransaminase, is
widely distributed in the plants and animals, luidcurs in concentrated form
in mammalian heart and liver (Tietzal., 1986).

GOT catalyzes the following reaction:

L-Asp + a- Oxoglutarate i Oxaloacetate + L-Glu
GOT exists in two isoenzyme forms, the mitochoridiaam (M-GOT)
and the cytosol form (S-GOT). Serum GOT levels @althy subjects are low,
but the levels are significantly elevated in a nembf clinical conditions such
as acute and chronic hepatitis, obstructive jawmdiarcinoma of the liver and

myocardial infraction. Therefore, determinationsefum GOT level has great
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clinical and diagnostic significance (Bergmeyer74p

1.9.2 Glutamate Pyruvate Transaminase (GPT)

The enzyme GPT, also known as alanmea@transaminase, is found in
higher concentration in liver and in lower concatitm in serum. The
percentage of this enzyme differs from one persoartother and from one
tissue to another one (Womgal., 2000).

GPT catalyzes the following reaction:

L-Ala+ a- Oxoglutarate O - Pyruvate+ L-Glu
GPT is contained only in the cytosol ofi€€¢5-GPT), serum values more
than 15-fold above the upper normal limit alwaysdicate an acute
hepatocellular damage of viral, toxic or circulgtorigin. In most types of liver
diseases, GPT activity is higher than that of G&@id GPT is more sensitive
and specific in the detection of liver diseasesittfand Kaplan, 2001).

1.9.3 Alkaline Phosphatase (ALP)

Alkaline phosphatases are a group of enzymes fpunahrily in the liver
and bone. There are also small amounts producextlis/lining the intestine,
the placenta, and the kidney (Son@&kal., 2003; Malo et al., 2006).

GPT catalyzes the following reaction:

Phane phosphate D Phenol + Phosphate
The primary importance of measuring ALRadscheck the possibility of
bone diseases or liver diseases (Maiss., 1989). When the liver, bile ducts or
gallbladder system is not functioning properly ®blocked, this enzyme is not

excreted through the bile and ALP is released tioblood stream. In addition
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to that, an elevated serum ALP can be also duene bancers or rapid growth
of bone, since it is produced by bone forming cedibed "osteoblasts”, and this
explains why growing adolescents have much higheP Aevel than a full
grown adult because his/her osteoblasts are lagowgn bone very rapidly
(Jenniferet al., 2005; Web site (3)).
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Chapter Jwe: Matesials and Methods

2.1 Materials:

2.1.1 Equipments and Apparatus:

The following equipments and apparatusrewused throughout the

study:

Equipments and Apparatus

Company (Origin)

Autoclave, Centrifuge
Water-path, Electric oven

Incubator

Gallenkamp (England)

Micropipettes

I Gelson (France)

Compound light microscope

IOIympus (Japan)

pH-Meter (Digital)

I Orien Research (USA)

Laminar airflow

I Metalab (France)

Shaking incubator

I Merck (Germany)

Hot plate with magnetic stirrer

I Retsch (Germany)

Microtiter plate

| Lab-Tek (USA)

Electric balance

I Metter (Sweden)

Spectrophotometer

I Cecil (France)

Millipore filters
(0.22pm, 0.45um)

Difco (USA)

Materials and Methods
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2.1.2 Biological and Chemical Materials

Company (Origin)

Casamino acids, Neutral red, BDH (England)
Ammonium sulphate,

Methyl red, Safranine,

Trypan blue, lodine, Agar,

Sodium bicarbonate, Trypsin

CaCl, FeChL, MgCl,

DEAE-Sephadex A50, Pharmacia (Sweden)
Methanol, Ethanol, KCI,
Yeast extract, Crystal violet,

Glacial acetic acid

Fetal calf serum, Mycostatinj Sigma (USA)
Human serum, Bovine seru

albumin (BSA), Versene

Na,HPO,, KH,HPG;

Coomassie brilliant blue G250 || LKB (Sweden)

Colchicines Houde (France)
Ibn-Hayan (Syria)

Phytohaemagglutinine (PHA) Sigma (USA)

Mitomycin C Kyowa (Japan)
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2.1.3 Media:

Brain hart infusion broth, BDH (England)
Kliger’s iron agar,

Eosin methylene blue agar,

MacConkey agar, Nutrient broth

RPMI-1640 with Hepes Sigma (USA)

Urea agar base, Tryptone brg]Biolife (Italy)
Peptone broth, MR-VP broth

2.1.4 Kits:

Alkaline phosphatase (ALP) Bio-Merieux (France)

Glutamic oxalocetic transaming] Randox (England)
(GOT), Glutamic pyruvi

transaminase (GPT)
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2.2 Methods:

2.2.1 Preparation of Buffers, Solutions and Stains

2.2.1.1 Solutions for Isolation and Identification of E. coli, and for
Detection of STa Activity:

a. Peptone broth:(Mackie and MacCartney, 1996)

This solution was prepared by dissolvigm5of peptone in 100ml of
D.W., autoclaved at 121C° for 15min. Then dispenisénl 5ml aliquots and
stored at 4C° until use. It was used for the cbbecoof stool samples.

b. Kovac's reagent:(Atlaset al., 1995)

This was prepared by dissolving 0.1gmaufti€ acid in D.W. and the
volume was completed to 250ml, then mixed thoroyglwhd kept in the
refrigerator. This reagent was used as indicatardole test.

c. Methyl red reagent: (Macfaddin, 200p

It was prepared by dissolving 0.1gm of mgetred in 300ml of 96%
ethanol, then 200 ml of D.W. was added. This rebgas used as indicator in
methyl red test.

d. Voges-Proskauer reagent{Macfaddin, 2000)

This regent was prepared as follow:
Reagent A: 5%- naphthol in 96% ethanol.
Reagent B: 40% KOH in D.W.

These reagents were used as indicators ges/@roskauer test
e. Gram stain:

This stain was prepared according to Mackie and@4aimey (1996).

f. Evan's blue stain:

It was prepared by dissolving 0.2gm in 18I0OD.W., then dispensed into
aliquots and store at 4C° until use. It was usedd&iection of STa activity.
(Giannella, 1976)
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2.2.1.2 Solutions for Determination of Protein Conentration: (Bradford,
1976)
a. Coomassie brilliant blue G-250 stain:

It was prepared by dissolving 0.1gm of @assie brilliant blue G-250 in
50ml of 95% ethanol, then 100ml of 85% phosphogd avas added with
agitation and the volume was completed to one igh D.W., then it was
filtered through Wattman filter paper (No.1) angbkm a dark container.

b. Tris-HCI buffer (pH 7.5):

It was prepared by dissolving 0.3gm o&3HCI in D.W., then the volume
was completed to 100ml with D.W. and the pH wasistéd to 7.5.

c. Bovine serum albumin (BSA):

It was prepared by dissolving 0.1gm of Bi8Aris-HCI buffer, then the
volume was completed to 100ml with the same buffer.

2.2.1.3 Solutions for Partial Purification of STa:(Takedaet al., 1979)
a. Phosphate buffer (0.01M, pH 7.0):

It was prepared by dissolving 0.19gm oHMO, and 0.3gm of N&PO,
in one liter of D.W., then the pH was adjusted .@. 7
b. Elution buffer:

It was prepared from the phosphate b1 M, pH 7.0) that contains
different concentrations of NaCl ranging betweed{Q) M.

2.2.1.4 Solutions for Cytogenetic Study:

They were prepared according to the nighsed by Yaseen (1990) and

Yaseen and associates (1998).
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a. Potassium chloride (KCI):(Hypotonic solution)

Two solutions (0.075 and 0.1) M of KCeme prepared by dissolving
5.587gm and 7.42gm, respectively, of potassiumritidan one liter of D.W.,
and the pH was adjusted to 7.2.

b. Phosphate buffer saline (PBS):

This solution was prepared by dissoluing following salts in one liter

of D.W. and the pH was adjusted to 7.2, these agdts-

(NacCl) 8 gm
(KCI) 0.2 gm
(NaHPOy) 1.15gm
(KH,POy) 0.2 gm

This solution was sterilized by autochayiat 121C° for 15 min and
stored at 4C° until use.
c. Colchicine: Two colchicine products were used in this study
» Colchicine (Ibn-Hayan / Syria):

This solution was prepared by disag one tablet (0.5mg) of
colchicine in 0.5ml PBS. It was used for mice iti@e, where each mouse was
injected intraperitoneally (1.P) with 0.25ml of $heolution.

» Colchicine (Houde / France):

This solution was prepared by dweg one tablet (0.5mg) of
colchicines in 10ml of D.W. to make a stock solatid his solution was stored
at 20C° until use for human blood lymphocyte culture.

d. Fixative solution:

This solution was freshly prepared by mgxB parts of absolute methanol
with 1 part of glacial acetic acid.
e. Giemsa stain:

Giemsa stock solution was prepared bysalveng 1gm of Giemsa
powder in 33ml of glycerin and put it in water-badh 60C° for 2hr with

&y
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continuous shaking then left it for 30min at roa@mperature. After that 66ml
of absolute methanol was added with continuous isgaky the aid of the
magnetic stirrer. The stain solution was then rigdte through Wattman filter
paper (No.1l) and stored at room temperature in datttes. This is considered
as a stock solution.

For slide staining, Giemsa solution \wespared as follow:

Giemsa stain stock 1ml
Absolute methanol 1.2% m
Sodium bicarbonate solution 0.5 ml
D.W 40 mi

f. Sodium bicarbonate solution (NaHCQ):

It was prepared by dissolving 4.4gm o&KNCG;) in 100ml of sterile
D.W. This solution was kept at 4C° until use.

g. Fetal calf serum (FCS):

Prepared by placing it in a water-batb&C° for 30min to destroy the
complement system. Then dispensed in 20 ml aligarodisstored a20C° until
use.

h. Antibiotic solution:

This was prepared by dissolving® 10t of penicillin G and 1gm of
streptomycin in 100ml sterile D.W. After distribdtéento 5ml aliquots, it was
stored at20°C. Then 1 ml of this stock solution was addetiG®ml of the cell
culture medium to give a final concentration of' 1Git of penicillin G and
10mg of streptomycin.

I. Mitomycin C solution:
It was prepared by dissolving one ampoule with 10mgmycin C in

10ml D.W. to obtain 1mg/ml stock solution.
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2.2.1.5 Solutions for Detecting the Cytotoxic Effécof STa on Cell
Cultures: (Freshney, 2000)
a. Antibiotic solution: as in item (2.2.1.4.h).
b. Mitomycin C solution: as in item (2.2.1.4.1).
c. Sodium Bicarbonate solutionas in item (2.2.1.4.1).
d. Fetal calf serum:as in item (2.2.1.4.9)
f. Phosphate buffer saline (PBS)as in item (2.2.1.4.b)
g. Neutral red stain:
It was prepared by dissolving 0.01gm of the stail@Oml PBS, shaked

well until it completely dissolved.
h. Neutral red extraction solution:

It was prepared by mixing equal volumesP&S and absolute ethanol
(1:1).
I. Hank’s balanced salt solution (HBSS):

This solution was prepared as follows:

» Stock solution A

Ingredients 1:

NaCl 16 gm
KCI 8 gm
MgSQ,.7H,0O 2 gm
MgCl,.6H,O 2 gm
D.W. 800 ml
Ingredients 2:

CaCl 2.8 gm
D.W. 100 mi

These two sets of ingredients were mixedtlg, then the volume was

completed to one liter with D.W.
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e Stock solution B:

Ingredients:

Na,HPO, 1.2 gm
KH,PO, 1.2 gm
Glucose 20 gm
D.W. 800 ml

After the ingredients were dissolved, 10@hi0.4% phenol was added,
and the volume was made up to one liter with D.W.

Complete HBSS:

Equal portions (100ml) of each stockusoh (A and B) were added to
800ml of D.W., then sterilized by autoclaving atLC2 for 15min and stored at
4C° until use.

g. Trypan blue stain:

It was prepared by dissolving 1gm of tkensin 100ml of HBSS. Then
filtered through Wattman filter paper (No.1) anaves kept at 4C° until use, as
a stock solution.

For working, the stock solution was ditbigith HBSS at a ratio of (1ml
:10ml).

h. Trypsin stock solution:

Trypsin solution was prepared by dissolvitgm of trypsin powder in
100ml HBSS and sterilized by filtration, dispensed.Oml aliquots and stored
at20°C.

I. EDTA (versene) solution:

This solution was prepared by dissolving 0.2gm ®&TE (diamine
ethylene tetra acetic acid) in 400ml PBS and stedl by autoclave. Then it
was dispensed in 10ml aliquots and store@GHC.

¢0o



Chapter TWO =-=-===-=s=somme e oo eee Materials and Methods

j. Trypsin-Versene solution:
Equal volumes of trypsin solution and veesesolution were mixed

thoroughly and used.

2.2.2 Preparation of Culture and Diagnostic Media:
2.2.2.1 Ready-Prepared Media

Media used in this study (Listed in ite?nl.3) were prepared in
accordance with the manufacture’s instructionsdiga their containers. All the
above media were sterilized in the autoclave atC2Xbr 15min, except the
(RPMI-1640) culture medium, which has been stexiliby filtration through
millipore filter (0.22um).
2.2.2.2 Laboratory-Prepared Media
a. Casamino acids-Yeast extract salts (CA-YE) medm:

It was used for the production of STag &nwas prepared according to
the method that was described by (Jehal., 1977).

Casamino acids 20 gm
Yeast extract 1.5 gm
NacCl 2.5 gm
KoHPO, 8.71 gm
Trace salts solution 1 ml

All these ingredients were dissolved in D.&d the pH was adjusted to
8.5 with NaOH and brought to a final volume of diter with D.W.
Trace salts solution:it was prepared from the following ingredients
MgSQ, 0.5 gm
MnCl, 0.05 gm
FeC} 0.05 gm

1
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D.W. 10 ml
Few drops of concentrated30, were added to make the dissolution of

these salts easier.

b. Preparation of cell culture medium for cytogenat study:
This medium was prepared according to (MacaMcCulloch, 1985).

RPMI-1640 10.4 gm
Penicillin G 10 u/mi
Streptomycin 0.01 gm/ml
L-glutamine 0.5 gm
Sodium bicarbonate 1%

FCS 10%

All the ingredients were completely dissal in one liter of sterile D.W.,
the pH was adjusted to 7.2 and the medium wadiagetiby filtration through
millipore filter (0.22um) under aseptic conditioddter that 4ml of the medium

was transferred into sterile tubes and ke@@&t° until use.

c. Preparation of cell culture medium for transporting and washing of
tumor tissue samples:

The preparation of this medium was perforrf@tbwing to the method
taken from (Freshney, 2000)

RPMI-1640 10.4 gm
Penicillin G foU/ml
Streptomycin 1 gm/mi

Mycostatine 250 U/ml

1A%
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L-glutamine 0.5 gm
Sodium bicarbonate 1%

All these ingredients were completely disediin one liter of sterile D.W.,
the pH was adjusted to 7.2 and the medium wadisgeriby filtration through
millipore filter (0.22um) under aseptic condition&fter that 10ml of the

medium was transferred into sterile tubes and &EMICC until use.

d. Preparation of cell culture medium for the growh of cancer cells in the
microtiter plate:

The preparation of this medium was also qraréd following to the
method taken from (Freshney, 2000)

RPMI-1640 10.4 gm
Penicillin G 1o u/mi
Streptomycin 0.01 gm/ml
Mycostatine 25 U/ml
L-glutamine 0.5 gm
Sodium bicarbonate 1%

FCS 20%

All these ingredients were completelysdiged in one liter of sterile
D.W., the pH was adjusted to 7.2 and the medium staslized by filtration
through millipore filter (0.22um) under aseptic dgions. After that 20ml of

the medium was transferred into sterile tubes apd &t -20C° until use.

2.2.3 Collection of Samples
2.2.3.1 Collection of stool samples: (For isolatioof ETEC)
A total of 25 stool samples were takennfrpatients suffering from

watery diarrhea in AL-Yarmuk Teaching hospital gRdad. Each stool sample

EA
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was collected from the patient into a sterile tabataining 5ml peptone broth,
and incubated at 37C° for (18 to 24) hr before dpetated on a screening
medium (Sandersos al., 1995).

2.2.3.2 Collection of blood samples: (For cytogenetanalysis)
A. Collection of blood from colorectal cancer patiats

A portion of 5ml of peripheral blood weallected, by vein puncture into
sterile tubes containing 0.05ml heparin, from 2Q@igpds. Their ages were
ranged between (25-55) years. These samples wetainet from
Gastroenterologgnd Hepatology Teaching hospital.
B. Collection of bloodfrom normal healthy persons

A portion of 5ml of peripheral blood weallected, by vein puncture into
sterile tubes containing 0.05ml heparin, from 10nmed healthy persons. Their

ages were ranged between (19-42) years,

2.2.3.3 Collection of tumor tissue samples: (For tkcting the cytotoxic
effect of STa on primary cancer cell cultures)

Tumor tissue samples of 5 different typésumors (colon, stomach,
lung, breast and bladder) were collected into Istémbes containing a transport
medium (2.2.2.2.c). They were obtained from the rafpens theatre of
Gastroenterologyand Hepatology Teaching hospital and Baghdad Tegchi
hospital.

2.2.4 Experimental Animals
Two groups of albino Swiss BALB/c mice, which wergtained from the
Biotechnology Research Center / AL-Nahrain Uniwgrsiere used in this

study.
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Group A: consisted of 85 mice (females). They were used ther
cytogenetic analysis, determination of liver enzgreel, and determination of
lethal dose 50 (LD 50) in addition to histopathatad) examination. Their ages
were ranged between (8-12) weeks and weighting3@5gm. They were
divided into subgroups, and each group was putiea separate plastic cage.
The cages were kept in a room with (23-25) C° teatpee. The animals were
fed with a suitable quantity of water and comphhits.

Group B: consisted of 100 suckling mice, which were used tfe
detection of STa activity. Their ages were rangetiwben (3-5) days. They
were separated from their mothers and used imnedglifatr the detection.

2.2.5 Administration of Experimental Animals

The animals in this experiment were tedawith a cumulative dose of
STa in a short time. The main aim of this experitveas to evaluate the acute
treatment effect of STa in normal mice.

Ten groups of mice were used in thiseexpent and treated as follows:
for the first seven groups only, one half of eantug was used to determine Bl
and CA, while the other half was used for the deteation of MN and liver
enzymes level. These groups are:

Group I: Negative control (10mice), treated with (0.1mI)RBS.

Group II: Positive control (20mice), (10mice) treated with1( ml) of
MMC (2ug /Kg) and (10mice) treated with (0.1ml) BMC
(5Hg/Kg).

Group lll: STa treatment (6mice), treated with (0.1 ml) o8I00ug/Kg).

Group IV: STa treatment (6mice), treated with (0.1ml) of $IBOLQ/KQ).

Group V: STa treatment (6mice), treated with (0.1ml) of $4@0Lg/KQ).

Group VI: STa treatment (6mice), treated with (0.1ml) of $9@0ug/KQ).
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Group VII: STa treatment (6mice), treated with (0.1ml) of STa
(1600ug/KQ).

The PBS, MMC and STa were given orally fiee successive days, and
then the mice were sacrificed at the sixth day.eBararrow and blood samples
were taken and cytogenetic analysis, liver enzyeterdination were carried
out as described later.

Group VIII:  STa treatment (10mice), treated with (0.1ml) ofaST
(500ug/kg).

Group IX: STa treatment (10mice), treated with (0.1ml) of aST
(1000pg/kg).

Group 1IX: Negative control (5mice), treated with (0.1mIRBS.

These three groups were used for the detetran of the LD 50, which
was assayed by orally giving (0.1ml) of STa and P&Sen successive days.
The mice were observed daily for hand-leg paralgss death. Death between
day 1 and 10 inclusively were tabulated, and thstopathological effects were
detected by examining five organs (lung, liver,nag, colon and stomach)
(Strockbineet al., 1986). The LD50 was calculated by using the oetbf
Reed and Muench, (1938) as follows:

Proportionate distance.=1ortality aboves0 percent - 50
mortality above 50 percent — mortality below 50 percent

Negative logarithm of LD50 titer = Negative logam of dilution above 50

percent mortality + proportionate distance

2.2.6 Isolation and Identification ofE. coli:
After the collection of stool samplesoinitibes containing peptone broth,
and incubation for (18-24) hr, a 1oopful from thdtere was subcultured onto

MacConkey agar plates, and incubated for overragt&7C°. Then the grown
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colonies were individually identified both microgecally and by using
classical biochemical tests (Macfaddin, 2000).

MacConkey agar is a differential platimgdium for the selection and
recovery of Enterobacteriaceae. Bile salts andtarygolet are included to
inhibit the growth of gram-positive bacteria.

In addition to MacConkey agar, eosin mkthg blue (EMB) agar has
been used as a selective medium Eorcoli. The aniline dyes (eosin and
methylene blue) in this medium combine to form acjpitate at acidic pH,

which appearing as a metallic green sheen (Atlak, 1995).

2.2.6.1 Gram Staining:

Dry heat fixed smears were taken from tlodorues and placed on
microscopic glass slides to examine the morphotdgie bacteria (Atlast al.,
1995).

2.2.6.2 Biochemical Tests
2.2.6.2.1 Indole Test:

Tryptone broth was inoculated with a yguwulture of each suspected
isolate and incubated at 37C° for 24hr. Kovac'geat (0.5ml) was added
directly to the culture tube and if the culture guwoes tryptophanase, indole
ring will appear at the tope of the broth (Macfadd000).

2.2.6.2.2 Methyl Red Test:

MR-VP broth was inoculated with a youngitare of each suspected
isolate and incubated at 37C° for 24hr. Five draipsethyl red reagent were
added, mixed, and result was read immediately. ighbred color indicates a
positive reaction (Macfaddin, 2000).
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2.2.6.2.3Voges-Proskauer Test:

MR-VP broth was inoculated with a youagjture of each suspected
isolate and incubated at 37C° for 24hr. One ml@%4KOH and 3ml of 5%
solution ofa -naphthol were added. A positive reaction wasaaidid by the

development of a pink to red color in 2-5 min (Maddin, 2000).

2.2.6.2.4 Simmon'’s Citrate Test:

Simmots citrate slant was inoculated with a young cultafeeach
suspected isolate and incubated at 37C° for 24towit& of the microorganism
on this medium results in a rise in the pH whichses the pH indicator to turn

form green into blue, which indicate a positivectean (Macfaddin, 2000).

2.2.6.2.5 Urease Test:
Urea agar slant was inoculated heavilyr die entire slant surface and
incubated at37C?° for 24hr. Urease test is positithee indicator was changed to

purple-pink color (Macfaddin, 2000).

2.2.6.2.6 Triple Sugar Iron (TSI) Test:
Heavy inoculum was streaked over the serfaf the slope and stabbed
into the butt of the triple sugar iron agar slambcubated at 37€ for 24hr.

Results were recorded as follows: (Macfaddin, 2000)

Slant/Butt Color

Alkaline / Acid Reatow

Acid / Acid yal / yellow
Alkaline / Alkaline Red /e

H,S laBk precipitate

oy



Chapter TWO =-=-===-=s=somme e oo eee Materials and Methods

2.2.7 Production of STa:

The production of STa was done accordindghéomethod of (Gome al.,
1979). Suspected isolates that were collected stool and which has been
identified asE. coli by biochemical tests, were used for the experiment
regarding production of STa, and they were consitleés stock cultures. The
starter culture was loop-inoculated from the staoMtures into a tube
containing 10ml brain heart infusion broth (for tma@l activation), then
incubated at 37€ for 18hr. After that 0.1ml from the starter cutuwas
inoculated into 10ml CA-YE medium in a 100ml flaskpacity, then incubated
at 37C: for 18hr in a shaking water bath at 140 shakesnper The culture was
then centrifuged at 6,000rpm for 30min, and the&eBve supernatant was
carefully separated and filtered through millipéifesr (0.45um) before testing
the STa activity. Th&. coli isolate that showed the highest STa activity were
used for the large scale production of STa by itadtwg 2.5ml from the starter
culture into 250ml CA-YE medium in 2000ml flask e&gy, then incubated at
37C: for 18hr in a shaking water bath at 140 shakeswer The culture was
then centrifuged at 6,000rpm for 30min, and the&eBve supernatant was
carefully separated and filtered through millip6ler (0.45um) and kept at 4C

% to be ready for the purification.

2.2.8 Detection and Determination of STa Activity :
This was done according to the method ugd@iannella, 1976).

Suckling mouse assay (SMA) has been deedhe detection of STa
activity, and 4 mice were used for each test. Newl&wiss albino suckling
mice (3-5) days old were separated from their nrsthemediately before use.
Each mouse was inoculated (intragastric, percutanagection) with 0.1ml of
crude culture filtrate containing 2 drops of 2% &'¢ablue stain per ml. After

3-4 hr the mice were killed by cervical dislocatidine abdomen was opened,
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and the entire intestine (excluding the stomachy reanoved with forceps. The
Intestines and carcasses of the four animals waeste@, and weighed, and the
ratio of the intestine weight to remaining carcassght was calculated and
referred to as intestine to body-weight (IW / BWjtie. The assay was
considered as positive if the (IW/BW) ratio is abd®.085. The activity was
determined by using the bovine serum albumin (BS#gndard curve by
plotting the (IW/BW) ratio against the corresporglconcentrations of BSA.
Animals with no dye in the intestine orthwidye within the peritoneal

cavity at autopsy were discarded.

2.2.9 Determination of Protein Concentration:

Protein concentration was determined acogrdo (Bradford, 1976), and
as follows:
2.2.9.1 Preparation of bovine serum albumin standat curve:

A standard curve of bovine serum albumvas carried out by using
different concentrations (0, 20, 40, 60, 100, 1P40ug/ml) from BSA stock
solution (as prepared in 2.2.1.2 C. Then to tds¢gucontaining 0.1ml of each
concentration, 0.4ml Tris-HCI buffer and 2.5ml addnassie brilliant blue G-
250 stain was added, mixed well, and left to standmin. The optical density
at 595nm for each tube was measured using UV-\dstspphotometer and the
relationship between the optical density and BSAceantrations was plotted to
determined the standard curve of BSA (figure 2-1).

2.2.9.2 Estimation of protein concentration for theunknown samples:
The concentration of protein was estedaby mixing 0.1ml from the
unknown solutions with 0.4ml Tris-HCI and 2.5ml @bomassie brilliant blue

G-250 stain, then mixed well and left to stand3orin. The optical density was
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measured at 595nm and the protein concentratioheofinknown samples was
calculated from the standard curve as shown ifliginee (2-1).
The specific activity has been calculatestoading to the following

equation :( Whitaker and Bernard, 1972)

enzymeactivity (Ulml)
protein concentration (mg/ml)

Specific activity =

(U/mg)

S
c
)
o))
o)
E
(@]
O

BSA cocentration (Hg/ml)

Figure (2-1): Standard curve of bovine serum albunin.
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2.2.10 Partial purification of STa: By using lon-Exhange
Chromatography
2.2.10.1 Preparation of crude STa:

After collecting culture supernatant addtecting STa activity and
estimating its concentration, crude toxin was pregaand this was done
depending on the method used by (Taketdd., 1979).

Crystalline ammonium sulfate (50mg/100mVps added to 250ml
supernatant of bacterial lysate and kept at 4C°2far Then the resulting
precipitate was discarded after centrifugation ,806 rpm at 4C° for 15min.
Then the supernatant was filtered through millipbler (0.45um) and the
filtrate was concentrated in the oven at 45C° utstvolume became (5ml).

After that, the concentrated filtrateswdtered through 0.45um and then
0.22um millipore filters. Then the concentrated enat was dialyzed against
0.01M phosphate buffer using membrane tubing whidis off molecules with
molecular weight of less than 1,000 dl .The diatyneaterial were used as a
crude toxin, and stored aR0C° until use. Both the activity and the

concentration of the toxin were determined.

2.2.10.2 Preparation of DEAE-Sephadex A-50 column:

This was performed according to the metlad was depended by (Roby
and White, 1987).

DEAE-Sephadex A-50 column was prepared by dissghdgm of the

resin in 250ml D.W., then it was kept in a shakatex-bath at 85-90C°for (1-2)
hr. After cooling, it was washed several times wtiosphate buffer (0.01M,
pH .7.0) until the pH become near (7.0). Gas bubblere degassed using
vacuum pump. Then it was poured accurately onrtheriside of the column (2
x 10 cm) and equilibrated with the phosphate bufed1l M, pH 7.0) until the
pH was about (7.0).
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2.2.10.3. Purification procedure:

The purification of STa had done accordiagtlte method described by
(Takedeet al., 1979).

Crude toxin 5ml was added gently to DEAE{&&ex A-50 column that
has been previously equilibrated with the phosphatéer (pH 7.0) .The
fractions have been collected at a flow rate oh8Mr and with a fraction size
of 3 ml/tube. Then 50ml of (0.1) M phosphate buffers added to the column
until the absorbency at 280nm reached the base diné that represent the
washing part. After that proteins were eluted usi@Oml of (0.01) M
phosphate buffer (pH 7.0) that contains gradienia€l (0.1-1.0) M and that
represent the elution part. Protein contents weaeetl in accordance to
absorbency at 280nm and plotted as absorbencysvdrsielution volume. STa

activity and concentration were also determined.

2.2.11 Cytogenetic Experiments

2.2.11.1 Cytogenetic analysis in mousa(vivo)

2.2.11.1.1 Chromosomal preparation from somatic cel of the mouse bone

marrow:

This experiment was done according tog/llet al., 1976) as follows:

a. Each animal was injected with 0.25ml of colchicwigh a concentration of
(Img/ml) intraperitoneally (I.P) 2hr before saaiifig the animal.

b. The animal was sacrificed by cervical dislocation.

c. Then the animal was fixed on its ventral side lom anatomy plate and the
abdominal side of the animal and its thigh regiarevswabbed with 70%
ethanol.

d. The femur bone was taken and cleaned from the agsies and muscles,

then gabbed from the middle with a forceps in die@r position over the
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edge of the test tube, and by sterile syringe SnHRBS were injected so as
to wash and drop the bone marrow in the test tube.

e. The test tube was taken and centrifuged at spe2@00 rpm for 10min.

f. The supernatant was removed and 5ml of potassilonidé (0.075) M was
added as a hypotonic solution, then the test tulsge left for 30min in the
water bath at 37C ° and shaked from time to time.

g. The tubes were centrifuged at 2000 rpm for 10min.

h. The supernatant was removed and the fixative isolutas added (as drops)
on the inside wall of the test tube with the comtins shaking, the volume
was fixed to 5ml and the content shaked well.

I. The tube was kept at 4C° for 30min to fix thesell

j. The tubes were centrifuged at 2000 rpm for 10ffine process was repeated
three times and the cells were suspended in 2ihledfixative solution. By a
pasture pipette, few drops from the tube were drdpypertically on the
chilled slides from a height of 3 feet at a rate(4f5) drops to give the
chance for the chromosomes to spread well. Lateslides were kept to dry
at room temperature.

k. The slides were stained with Giemsa stain andféeft5min, then washed
with D.W.

|. Two slides per each animal were prepared for @riegic assays.

2.2.11.1.2 Micronucleus test in mouse bone marroveits:

This assay was adapted from that descrigddlb-Sudany, 2005).

a. The femur bone was cleaned from tissue and mygtless gapped from the
middle with a forceps in a vertical position ovee tedge of a test tube, and
by a sterile syringe 1ml of human serum was ingkste as to wash and drop
the bone marrow in the test tube.

b. The test tube was centrifuged at 1000 rpm for 5min
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c. The supernatant was removed, and a drop fromelet pvas taken to make a
smear on clean slides .The slides were kept at teamperature for 24hr.

d. The slides were fixed with absolute methanol forir§ then stained with
Giemsa stain for 15min, then washed with D.W. aftito dry.

e. Two slides for each animal were prepared for nmaoteus test.

2.2.11.2 Cytogenetic analysis in human blood lymplgtes (n vitro) (For

both normal healthy persons and colorectal canagens)

2.2.11.2.1 Chromosomal preparation from human blood lymphocyte

culture:

This experiment was done according to (ShubberAdrtehaikhly, 1988)
as follows:

a. Human blood was collected into a sterile test tdrgaining 0.05ml heparin.

b. 0.25ml of peripheral blood was added into tesétabntaining 2ml of culture
medium (RPMI-1640, as prepared in 2.2.2.2.b).

c. PHA (0.25) ml was added, the components were mwey well and
transferred to 37C° incubator.

d. After 24hr of incubation, 0.1ml of different comteations of STa (100, 200,
400, 800 and1600 pg/ml) was added to each test Albe 0.1ml of PBS
was added as a negative control, and 0.1ml of MM&a@ncentration of (5)
ng/ml as a positive control.

e. The test tubes were put back in the incubatoi7 @ Band shaked gently each
24hr one try at least. The incubation period waspeted to 72hr.

f. A portion of 0.2ml of colchicine was added to e&ghe half an hour before
harvesting the cells, and gently shaked each 10min.

g. The test tubes were centrifuged at 2000 rpm fonith0

h. The supernatant was removed and 5ml of pre-wal@®€d5) M potassium

chloride (KCI) was added to each tube as a hypotsaolution, then the test



Chapter TWO =-=-===-=s=somme e oo eee Materials and Methods

tubes were left for 30min in the incubator at 32@G8é shaked from time to
time.

I. The tubes were centrifuged at 2000 rpm for 10min.

j. The supernatant was removed and the fixative isolutas added as drops on
the inside wall of the test tube with continuoualshg, then the volume was
fixed to 5ml. the contents were shaked well andttives were kept at -4C°
for 30min to fix the cells.

k. The tubes were centrifuged at 2000 rpm for 10nfiis. process was repeated
for three times and the cells were suspended ino2thle fixative solution.

|. By a pasture pipette, few drops from the tube vagopped vertically on the
chilled slides from a height of 3 feet at a rate(4f5) drops to give the
chance for the chromosomes to spread well. Lateslides were kept to dry
at room temperature.

m.The slides were stained with Giemsa stain andf¢éeftt5min, then washed
with D.W.

n. Two slides for each concentration were preparedytbgenetic assays.

2.2.11.2.2 Micronucleus test in human blood lymphgtes culture:
This assay was adapted from that descrigdélb-Sudany, 2005).

a. Human blood was collected into a sterile test tdrgaining 0.05ml heparin.

b. A portion of 0.25ml of peripheral blood was addlei a test tube containing
2ml of culture medium (RPMI-1640, as prepared th22.b).

c. Then 0.25 ml of PHA was added, the components werg well and
transferred to 37C° incubator.

d. After 24hr of incubation, 0.1ml of different comteations of STa (100, 200,
400, 800 and1600 pg/ml) was added to each test Albe 0.1ml of PBS as
a negative control and 0.1ml of MMC at a concemmabf (5)ug/ml as a

positive control was used.
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e. The test tube was put back in the incubator at°3@@d gently shaked each
24hr one try at least. The incubation period wasmeted to 72hr.

f. Test tubes were centrifuged at speed of 800 rprarfon.

g. The supernatant was removed and 5ml of pre-warf@eld M potassium
chloride (KCI) was added as a hypotonic solutibentthe test tube was left
for 30min in the incubator at 37C° and the tube wslaaked from time to
time.

h. The tube was centrifuged at 800 rpm for 5min.

I. After that the supernatant was removed and tlagii@ solution was added as
drops on the inside wall of the test tube with sumus shaking, and then
the volume was fixed to 5Sml and the contents whekad well.

j. The tube was kept at -4C° for 30min to fix thdscel

k.The tubes were transferred into the centrifuge Gt Bom for 5min. The
process was repeated for three times and after thatsupernatant was
discarded and one drop of the pellet was smearedotean slides and left to
dry at room temperature.

|. The slides were stained with Giemsa stain andféeftt5min, then washed
with D.W.

m. Two slides for each concentration were preparediforonucleus assay.

2.2.12 Cytogenetic Parameters Analysis
2.2.12.1Mitotic Index (MI) Assay:

The slides were examined under the high ployver (40X) of the
compound light microscope and (1000) of divided aod-divided cells were
counted and the percentage rate was calculatedrftyr the divided ones
according to the following equation:

Ml = nomber of divided cells %100

total number of thecells (1000
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2.2.12.2 Blast Index (Bl) Assay:
The slides were examined under high diygya40X) of the compound
light microscope and (1000) cells were countedalcwiate the percentage rate

of the blast cells according to the following egomt

number of blast cells
total number of cells (1000

2.2.12.3 Chromosomal Aberrations (CAs) Assay:

The prepared slides were examined undepithienmersion lens for 100
divided cells per each animal or blood lymphocyi#uwre, and the cells should
be at the metaphase stage of the mitotic diviswnere the chromosomal

aberrations are clear, and the percentage of #ieseations was estimated.

2.2.12.4 Micronucleus (MN) Test:
The number of MN in (1000) cells of polyahratic erythrocytes (PCE) in
mice, and in human blood lymphocytes was scoreckwutite oil immersion

lens, and the percentage of MN was calculated.

2.2.13 Enzymatic Assays:
2.2.13.1 GOT and GPT Tests:

According to Reitman and Frankel (1939pod was collected from the
mice by heart puncture. Blood serum was separateerifuging atc000 rpm
for 10min. Then, the serum was treated as follows:

Two test tubes were used for each santipdefirst contained the blank
reagent and the second contained the sample. Fhegaes were treated as in

the following:-
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Tubes
Reagent GPT GOT
Reagent 1 im | -
Reagent2 | - 1 mi
Incubated for S5Smin at 37C°
Serum 0.2ml 0.2ml
Mixed and incubated @ = -------—- | aeee-
at 37C 1 hour 30 min
Reagent 3 1 ml 1ml

Mixed. Let stand for 20 min at room temperature
NaOH 10 10

Mixed. Waiting for 5min and measure under condgiaientical to

those used for the standard curve.
Wave length: 505 nm (490-520nm).

Activities of these two enzymes in the serwere estimated from the

activity table attached with the kit of each enzyme

2.2.13.2 ALP test:

Sample used in this test was the samarseample used for GOT and
GPT tests. To estimate the activity of ALP enzynm@ecedure for Kind and
King (1954) was used:

Four test tubes for each sample were peepahe first contained the
sample, the second contained the blank samplehititecontained the standard

sample and the fourth contained the blank reagsrgéhown below:
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Tubes
L | S| S| e o
Reagent 2 mi 2 mi 2 ml 2 ml
Incubated for 5 min at 37C°
Serum 50ml | - | e e
Reagent2 | ----—-- | - 50m | -
Incubated for exactly 15 min at 37C°
Reagent 3 0.5ml 0.5ml 0.5 ml 0.5m
Mixed well or preferably vortex.

Reagent 4 0.5 mi 0.5 mi 0.5 mi 0.5 mi
Serum | ------ 50ml | - | e
DW. | - | e | e 50 ml

Mixed. Let to stand for 10 min in the dark then sw@ad at 510nm

OD serum sample — OD serumblank
OD stardard

Calculation=

X enzymeactivity (U /L)

2.2.14 Histopathological Examination:
This was performed by using method of (Bafi@nd Stevens, 1992)
2.2.14.1 Preparation of histological sections:

At the time of death, mouse organs idiclg (lung, liver, kidney, colon
and stomach) were taken for histopathological eration. After removal they
were immediately preserved in 10% formaldehyde nTditer washing with tap
water, they were fixed and processed with a setinofeasing alcohols
concentrations (70%, 80%, 90%, and 100%). Aftet, tisues were embedded
in paraffin blocks and sectioned at (5-6) um foroadnges except the kidney,

10
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which was sectioned at 4um. All the sections wéaened with hematoxyline

and eosin stain, and histopathological changes oleserved.

2.2.14.2 Hematoxyline-Eosin Method:
Histological sections were placed in théofelng solutions and reagents as

follows:

a. Xylol for 5min.

b. Absolute alcohol for 1min.

c. Grade of series of ethanol (80%, 70%, 50%, and)36%e dried and then
rinsed in D.W. for 1min.

d. lodine for 1min.

e. Sodium-hydrosulphate to erase the iodine andthercolor of tissue to white
and rinsed in tap water for few min.

f. Hematoxyline for (1-5) min, then rinsed in tap @rato get rid of the excess
dye.

g. Acid alcohol was added until the color turned tokpthen rinsed in tap
water.

h. Sodium -bicarbonate was added until the coloradno blue, then rinsed in
tap water.

I. Eosin for 5min, then rinsed in tap water.

j. Xylol for 3min, then mounted in Canada balsam.

2.2.15 Detecting the Cytotoxic Effect of STa on Rnary Cancer Cell
Cultures and Normal Cell Line:
2.2.15.1 Cytotoxic effect of STa on primary cancecell cultures

This procedure was adapted from that describe@t®shney, 2000)
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2.2.15.1.1 Management of tumor tissue samples totalm primary cancer
cell cultures:
All the work was done under sterile conditan the laminar airflow hood

as follows:

a. The collected tumor tissue sample was put in @estgettry dishs and all the
necrotic tissue and fat were removed.

b. The tissue was washed at least five times withciieure media (RPMI-
1640, as prepared in 2.2.2.2.c).

c. Then the tissue was transferred into a sterile tilat contains the culture
medium (RPMI-1640, as prepared in 2.2.2.2.d) amtted very carefully by
a sharp curved seasor, with maintaining the tigstiee culture media.

d. The tube was centrifuged at 1000 rpm for Smirgdobrid of the large tissue
pieces.

e. The supernatant was then transferred into andtezile tube and before
seeding into a 96-well microtiter plate, the numlbérthe cells must be

counted and the number of cells at seeding shaultDhcell /ml.

2.2.15.1.2 Viable cell count:

Cells were counted by using trypan blue st@inly the dead cells
will take up the dye and appear blue under the oazmwpe while viable cells
exclude the dye and appear white, which make ¥ easy to distinguish dead
cells from viable cells, and this done by mixingr@l of cells and 0.2ml of the
stain with 1.6ml of PBS. Then after mixing well Scent volume was

aspirated to fill the Neubaur haemocytometer.
2.2.15.1.3 Cytotoxic assay:

a. 50ul of complete culture media (RPMI-1640, as pred in 2.2.2.2.d) was
added to each well in the microtiter plate, excbptfirst vertical line.
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b. then 100ul of STa was added to first well in tinst fand second vertical line
only at a concentration of (1) mg/ml. 6 repetitivesre made. Mixed well
and then 50pul from the first well in the secondticaf line was transferred
to the second well and two-fold serial dilutionsrevenade until the well
number (12).

c. A positive MMC (at a concentration of 10ug/ml) amebative PBS controls
was added to each well in the seventh and eighéhdf the microtiter plate,
respectively.

d. Then 150ul from cell suspension (cancer cells esipn), after their
counting, was added into each well in the microfttiate and incubated at
37C°in 5% CO2 incubator.

e. After 24hr of exposure time, the microtiter platas removed from the
incubator, and 50ul of neutral red dye was addesh tncubate at 37C° for
2hr. The viable cells will acquire the dye, white tdead cells will not.

f. After that, all the contents of the microtiter telavere removed and the cells
were washed with PBS.

g. Then 50ul from neutral red extraction solutiorhéetol : PBS) at a ratio (1:1)
was added. This solution elutes the dye from tlablei cells that taken the
dye. The absorbency was determined by using th8&Reader at 492 nm.

All the previous steps were done withtathor types (colon, stomach,
lung, breast and bladder) that were used in thidyst

The cytotoxic concentration 50 (CC50) vektermined by plotting the
STa concentrations against the absorbency.

2.2.15.2 Cytotoxic effect of STa on normal cell les

The detection of cytotoxic effect of STa onrmal cell line was done
according to the method of (Abdul-Majeed, 2000)wHs carried out on the
normal cell line Ref (Rat embryo fibroblast), aspage (52) that was provided

TA
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by Dr. Ahmed M. AL-Shamery / Iragi Center for Canead Medical Genetic

Research/ Baghdad, and as follows:

a. 2ml of trypsin-versene solution was added taigssulture bottle (falcon) of
25cn? that contain the cells (Ref) after the removalotf tissue culture
media and washing with PBS, the bottle was shakedothly and then
inoculated at 37Cfor 2min to disaggregate cells and obtain moregjlsin
cells as much as possible

. After that, cells were suspended in a new freskuésculture media and

counted at a concentration of *&6ll/ml by trypan blue as mentioned

previously in (2.2.15.2.1)

. 50ul of complete culture media (RPMI-1640, as preg in 2.2.2.2.d, but

with 5% FCS) was added to each well in the miczotiiate, except the first

vertical line.

. then 100ul of STa was added to first well in tinst fand second vertical line

only at a concentration of (1) mg/ml. 6 repetitivesre Made. Mixed well

and then 50ul from the first well in the secondticaf line was transferred
to the second well and two-fold serial dilutionsrevenade until the well

number (12).

. A positive MMC (at a concentration of 10ug/ml) amegative PBS controls

was added to each well in the seventh and eighéhdf the microtiter plate,

respectively.

. Then 150ul from cell suspension, after their comgptwas added into each
well in the microtiter plate and incubated at inatdal at 37C° in 5% GO
incubator.

. After 24hr of exposure time, the microtiter platas removed from the
incubator, and 50ul of neutral red dye was addeeh tncubate at 37C° for

2hr. The viable cells will acquire the dye, white tdead cells will not.
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h. After that, all the contents of the microtiter telavas removed and the cells
were washed with PBS.

I. Then 50ul from neutral red extraction solutiorhéetol : PBS) was added at a
ratio (1:1). This solution elutes the dye from thable cells that taken the
dye. The absorbency was determined by using th&A&Reader at 492 nm.

The cytotoxic concentration 50 (CC50) wasdatned by plotting the STa
concentrations against the absorbency.

2.3 Statistical Analysis

A one-way analysis of variance was performed ta wasether group
variance was significant or not. Data were expmsas meanzstandard
deviation and statistical significances were catad using ANOVA test (AL-
Mohammecet al, 1986).
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Chapter I hee: Results and Discussien

3.1 Isolation and Identification of E. coli from Stool Samples

A total of (25) stool samples were collected froatignts suffering from
diarrhea form AL-Yarmuk Teaching hospital in Bagtid&. coli was isolated
from only (11) samples, while most of the rest eamtd other enteric
pathogens belonging ®almonella spp andShigella spp

Isolation ofE. coli was done by using selective enrichment technique
including culturing of stool on MacConkey agar, @fhicontains bile salts and
crystal violet that promote growth of Enterobaceeae and related enteric
gram-negative rods and suppresses growth of grasmirmbacteria and some
fastidious gram-negative bacteria (Atkeisl., 1995).

To obtain pure culture, single colonies from thefaare of MacConkey
agar were selected and subcultured on the surfauth@er MacConkey plates.

Isolates were first identified depending their gram staining and
microscopic characteristic&. coli isolates were found to be gram negative,
short bacillus, non-spore forming, occur singly enthe light microscope as
were also described by (Prigegital., 2000; HaveLaaret al., 2001; Todare,
2002). Accordingly, (21) isolates were suspecteleiong toE. coli.

After that, identification of the isolatesexg done depending on the
colonial shape and form on the surface of both Mat@€y and EMB (eosin
methylene blue) agars. On MacConkey adarcoli colonies were glossily,
pink, smooth with an entire edge, aswime of the colonies were mucoid, such
characteristics were concede with (CFSAN, 2002xoMdingly, (15) isolates
were suspected to belongEocoli.

On the other hand, EMB agar had been asexselective medium f&t
coli (Web site (4)). The aniline dyes (eosin and metilyk) in this medium
combine to form a precipitate at acidic pH and apipg as a metallic green

sheen, thus serving as indicators for acid prodaciihereforek. coli colonies
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appeared very dark, almost black, when observesgttijragainst the light. By
reflecting light, a green sheen can be seen dubetdhighly amount of acid
produced by fermentation, and they usually appea®davoid or circular
smooth colonies as described by (Atktsal., 1995). Upon this, only (11)
isolates were suspected to belongtaoli.

Further identification d&. coli was also achieved by the six biochemical
tests used for this purpode.coli showed positive reaction for both indole and
methyl red tests, but negative reactions for vqgeskauer, citrate and urease
tests. In triple sugar iron (TSI) te&t, coli isolates turned the color of both the
slant and butt to yellow with bubbles formation @#ddin, 2000). Results of
the previous biochemical tests insured what wasadly found by culturing on
EMB agar in that only (11) isolates were identifesE. coli.

Enterobacteriaceae (enterics) members are gramtiveedaacteria that
grow in the intestinal tracdf human and animal (Silverblatt and Weinstein,
1979; Brenner, 1984). The IMVIC tests (Indole, Methyl red, Voges-Progska
and Citrate) are frequently employed for identifica of this group of microbes
which includes organisms likeKlebsiella, Enterobacter and E. coli
(Venkateswarat al., 1996).The presencef E. coli is used by public health
officials as an indicator of fecal contamination fobd and water supplies
(Cakiret al., 2002). While the presencéEnterobacter andKlebsiella does not
necessarily indicate fecal contamination becausg tisually widespread in soil
and grass. The IMVIC tests can be used to diffexenthese three organisms
from each otherHarrigan, 1988; Venkateswara et al., 1996).

In the indole test, the ability to hydradyZzryptophan to indole is a
characteristic of certain enteric bacteria thatspes the enzyme tryptophanase;
an enzyme that cleaves tryptophan producing indgmjajvic acid and water.

Indole positive bacteria such & coli produce tryptophanase, and when
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Kovac's reagent was added to a broth containinglénca red ring will be
formed at the tope of the broth (Regatal., 1979).

The methyl red (MR) and Voges-Proskauer)(t43ts are read from a
single inoculated tube of MR-VP broth, and aftenubation, the broth was split
into two tubes. The MR-VP media contain glucose padtone. All enterics
oxidize glucose for energy. However, the end-prtglu@ry depending on
bacterial enzymes. Both the MR-VP tests are usedetermine what end-
products result when the organism degrades gludéseoli is one of the
bacteria that produce acids, causing the pH tosddopvn below (4.4).

Upon the addition of methyl red (as intlicato this acidic broth, its color
turned from yellow to bright red, indicating a pog MR test. Other enterics
produce more pH-neutral products from glucose, Wwhmot inhibit growth of
the bacteria. Thus the bacteria will be able tackitthe peptone in the broth,
causing the pH to rise above (6.2). At this pH, Itiheth did not turned to red
and remind yellow after the addition of methyl redicator indicating MR-
negative test (Regira al., 1979).

After adding the reagents of VP test, the colathefbroth was changed to
pink-red due to neutral pH. Thereforg, coli show a VP- negative test
(Edwards and Ewing, 1972).

Citrate test utilizes the citrate in Sirmisocitrate medium to determine if
a bacterium can grow on it as a sole carbon andggnsource. Simmon's
medium contains bromthymol blue, a pH indicatothvatrange of (6.0) to (7.6).
Bromthymol blue is yellow at acidic pH and gradwalhanges to blue at more
alkaline pH. Uninoculated Simmon's citrate agarvahan intermediate green
color. Growth of bacteria in this medium leads twamge its color, which
indicates a positive citrate te&t.coli is unable to utilize citrate in this medium

and thus showed a negative citrate test (Edwardi€anng, 1972).
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In the urease test, the enzyme ureatdyzes the breakdown of urea, and
the bacteria that can produce this enzyme are tbldetoxify the waste
products and to derive metabolic energy from itbzation which change the
medium color from yellow to purple-pink, indicatingease positive tesE.
coli produce no urease enzyme, giving urease negasvté@bhomrarinet al.,
2006).

Regarding TSI test, its medium may diffégies genera of
Enterobacteriaceae from each other based on thdwokydrate fermentation
patterns and §& production. TSI agar slants contain 1% lacto%g,slicrose
and 0.1% glucose. The pH indicator (phenol redngkd the medium color
from orange-red to yellow in the presence of acidS|I agar also contains
sodium thiosulfate, a substrate fogSHproduction, and ferrous sulfate which
produces black precipitate to differentiatgSHroducing bacteria from others.
E. coli produced an acid slant (yellow) and acid butt ()l accompanied by
gas production, but without black precipitate fotima, which indicated that
lactose and/or sucrose fermentation had occurrednanHS was produced
(Atlaset al., 1995).

3.2 Production of STa

Secretary diarrhea of human and other mammaliamates was often
induced by enterotoxins from enterotoxigenic sti#ii. coli (ETEC). Most of
the ETEC isolated from cases of diarrhea producelistinct class of
enterotoxins of low molecular weight, referring aoheat-stable enterotoxin
(ST) (Levineet al., 1977; Martinez et al., 1980; Thompson, 1987; Fasano,
1998; Fabioet al., 2000). There are two types of ST, STa or STHpoed byE.
coli strain isolated from human, and STb orIBproduce byE. coli strains
Isolated from porcine (Burgess al., 1978; Mullan et al., 1978; Weikel and
Guerrant, 1985; Clare et al., 1999).
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Synthetic media have been effectively employedHerproduction of STa
from human strains oE. coli (Saeeckt al., 1983).however the yield of toxin
was shown to vary from medium to medium (Stastial., 1978). More than
three media were used by authors for the produatfo6Ta, including; the
trypticase soy (TS) broth (Mersehal., 1979), the casamino acids-yeast extract
(CA-YE) medium (Evanst al., 1973), and the brain heart infusion (BHI) broth
(Whipp, 1990).

In this study two media were used for tihedpction of STa, including;
BHI broth and CA-YE medium. The results showed ,tli2A-YE medium is
more effective for the production than BHI brothheBe results came in
agreement with those obtained by (Dorreeral., 1976; Giannella, 1976;
Alderete and Robertson917; Johnson €t al., 1978; Takeda et al., 1979; Gomes
et al., 1979; Lallier et al., 1980; Thompson et al., 1986). They had compared
between TS broth, BHI broth and CA-YE medium foe froduction of STa,
and they showed that CA-YE medium was shown toigkly recommended
for the production. It yield more toxin with lessopein contamination than did
other media, beside each of its components wasdést its contribution to the
growth and toxin production. The trace salts is thedium (Mg+2, Mif, F€?)
were shown to play an important role to the groWsiha producingk. coli
strains, since elimination of these salts resuitegoor growth. Also STa that
had been detected when using CA-YE medium , waglet®cted when other
media were used especially when these media cowmitEmins or glucose ,
which shown to reduce STa production (Alderete Radertson, 1977).

But at the same time, these results desawith those obtained by some
other authors. Mersoet al., (1979) and Nalinet al., (1978) used TS broth for
the production of STa. While, Whipp, (1990), usedilBbroth for the
production. Those authors showed that, these twdiangere more effective
than CA-YE.
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However, other investigators used moféedint types of media rather
than the three previously mentioned media. Stapleal., (1980) used the
asparagines-salt medium, while, Kapitagtyal., (1979) and Jacks and Wu,
(1974) used the syncase broth.

The using of different types of media floe production of STa could be
explained by the presence of close relationshipvéen serotypes of ETEC and
enterotoxin production, beside that, the genesriterotoxins are carried on the
plasmid and not on the chromoso@&skov and Orskov, 1977; Rowe €t al.,
1977; Merson et al., 1979).

3.3 Detection of STa Activity

ElevenE. coli isolates were tested for STa production by usirgkiguwg
mouse assay (SMA), and from which only five iscdatere shown to produce
STa.

It is increasingly evident that enterotogproducing strains d&. coli play
an important role in human acute diarrheal illnesses (Gorbach, 1971; Okamato
et al., 1988; Conway, 1995). In 1967, Sakazaki et al., observed that many
strains ofE. coli associated clinically with acute diarrhea are neasive. This
was followed by observations that noninvasive sgafE. coli associated with
acute diarrhea in man produce enterotoxins whiidit @ secretary response in
the intestine (Banwelt al., 1971; Formal et al., 1971; Gerady et al., 1984;
Eisinghorst and Weitz, 1994). As a result, variousdels were successfully
employed for characterizing the biological actestiofE. coli enterotoxins, one
of these including; SMA for detecting STa acti\ifiacks and Wu, 1974).

However, the biological activity of STa msediated by stimulation of
intestinal guanylyl cyclase, which occurs after dimg to high-affinity
receptors, guanylyl cyclase-C (GC-C) (Fieldal., 1978; Frantz et al., 1984;
Visweswarialet al., 1992; Nandi et al., 1997; Scott et al., 2002).
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At first, different methods were used &tatt STa activity, including; dog
loop assay (Nalinet al., 1978), intestinal loop assay in adult mouse €Galet
al., 1979), and rabbit ligated intestinal loop ag$agrce and Wallace, 1972), in
addition to suckling mouse assay.

In this study, SMA was used and it wasvahao be effective for
detecting STa activity, although comparing withestassays was not done, but
it was shown to be also more effective model by ynather investigators
comparing with previous assays (Jacks and Wu, 18It&rete and Robertson,
1977; Johnson et al., 1978; Kapitany et al., 1979; Lallier et al., 1980; Saced et
al., 1983; Lawrence €t al., 1983), since dog loop assay requires concedtrate
culture supernatant, adult mice do not responsscfely as suckling mice,
and rabbits are not easy to handle comparing witklgxg mice assay which
require unconcentrated supernatant, response nff@etively and mice are
more easy to handle.

Later, more advanced methods were useddtacting STa activity such
as radioimmunoassay (RIA) (Frantz and RobertsoB11@nd enzyme-linked
immunosorbent assay (ELISA) (Thompsenal., 1984; Handlet al., 1988).
Although these two assays are more sensitive asyg, dat they are time

consuming and expensive comparing with SMA.

3.4 Partial Purification of STa
3.4.1 Preparation of crude STa

Preparation of crude STa was done fromEheoli isolate that showed
the highest STa activity (0.102) U/ml. Howevergakxtraction of STa; protein
concentration, STa activity then specific actiwtgere determined after each
step of the purification. Results showed that batesupernatant had (0.16)
mg/ml of crude STa with an activity of (56) U/ml wwh had a specific activity
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of (350) U/mg after one fold of purification for §2) ml of bacterial
supernatant as shown in table (3-1).

The purification step was started with precipitatiddy saturated
ammonium sulfate then by concentration in the ouetil the volume of the
culture supernatant became (5) ml. Protein conagoir, STa activity and
specific activity in (5) ml were recorded to be40. mg/ml, (594) U/ml and
(1448.7) U/mg respectively, with a purification dobf (4.13) and a yield of
(21.21).

Unlike many other proteins, STa was cedddrom the supernatant and
not from the precipitate, after precipitation byraamium sulfate, from which
most of the proteins were usually collected (Taketcd., 1979).

Concentration of STa was done by authors usuallydigg an Amicon-
filter in the ultrafiltration-cell. In this studyconcentration by oven was used,
since it was not easy to obtain an Amicon-filtezpending on the heat-stable
nature of the STa (STa can withstand boiling atCf0@r up to 30min). STa
activity was detected and it was shown to be nf#ceéd by concentration in

the oven.
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Purification table (3-1)
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3.4.2 Purification by using DEAE-Sephadex A-50

Partial purification of STa was done by ioxclegange chromatography
using DEAE-Sephadex A-50 column as described in2.1R.3). The
concentrated sample from the previous step wasegasough the DEAE-
Sephadex column. Results shown in figure (3-1)daidid that washing with
(50) ml of (0.01) M phosphate buffer (pH 7.0) alknvthe presence of one peak
which was represented by fractions (6-13). Theeradtution with (200) ml of
(0.01) M phosphate buffer (pH 7.0) containing geadiof NaCl (0.1-1.0) M,
three peaks were obtained which were representéadtyons (21-31), (31-35)
and (36-41). Each peak was tested for STa actitgordingly, only one peak
in the elution part (21-31) was able to reflect &€avity.

After that, the fractions of this peak wéested for STa activity, and only
nine fractions (21-30) were showed STa activityefhthese fractions were
pooled and collected into a clean container. Pnatencentration, STa activity
and specific activity were determined, and ressliswn in the table (3-1)
indicated a protein concentration of (0.04) mg/mihwSTa activity of (95)
U/ml and a specific activity of (2366.6) U/mg wighpurification fold of (6.76)
and a yield of (18.25) in (27) ml.

Partial purification of STa by ion-exchange chroogaéphy was applied
by many authors, and all of them indicated the gmee of STa activity in the
elution part only, and no activity was detectedha washing part (Takedz
al., 1979; Burgess et al., 1980; Chan and Giaiella, 1981; Ronberg et al., 1983;
Geradyet al., 1984). In addition, they declared the preserficgTa activity in
the first peak only of the elution part, excepthwiBurgesset al., 1980) who

indicatedSTa activity in two peaks.
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Figure (3-1): Purification of STa by ion-exchage chromatography
(DEAE-Sephadex A-50) column (2x10 cm).
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3.5 Clinicopathological Effects of STa on Mouse (Mgse lethality

assay)

In this study the LD 50 test was used testigate the lethal effect of the
partially purified STa , and it was shown to be lebhal to mice at both doses
of (500 and 1000 pg/Kg), since death was not resshrdien mice were used for
each dose and after ten successive days, thestadiceninant and only clinical
sign was diarrhea which was noticed after threes ddiyoral inoculation, while
mice that were orally inoculated with PBS (negateatrol) survived without
developing any significant symptoms. This resultneain agreement with
(Manninenet al., 1982), who found thaE. coli (that secreting STa) treated
mice suffered from diarrhea but without death iomearison with
Compylobacter jgjuni treated mice which suffered from diarrhea thalofeéed
by death.

Sections from (colon, kidney, liver, stomaaid lung) were taken from
both STa treated mice and controls. No histopatho& abnormalities were
detected in any of these tissues as shown in fg{8e, 3-3, 3-4, 3-5 and 3-6)
respectively. The lack of significant pathologiadianges in kidney, liver,
stomach and lung can be explained by the absenG&et receptors in these
organs (Krauset al., 1994; Nandi, 1997), and since STa bind only to these
receptors (Vaandrager, 2002), so no pathologicahgbes were seen. But the
only explanation for the lack of significant patbgical signs in the colon after
STa treatment may be due to that STa caused onlgtifunal abnormalities
(diarrhea) in this tissue without visible patholajidisturbance.

These results have documented that STadaathological effect and can
be used in a safe way and unlike otkecoli toxins, such as verotoxin, which
has been invistigated by some investigators ity #otiuse it in the treatment of
brain cancer (Heil, 1999; Brown, 1999). But it was shown to be lethal for mice
(Naahma, 2004; Suzukt al., 2000).
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Figure (3-2): Histological sectioning showing normia(unaffected) mouse
colon tissue after STa treatment at 1600 pg/ml.
(Hematoxyline & Eosin) (A): at 100X (B): at 400X
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Figure (3-3): Histological sectioning showing normia(unaffected) mouse
kidney tissue after STa treatment at 1600 pg/ml.
(Hematoxyline & Eosin) (A): at 100X (B): at 400X
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Figure (3-4): Histological sectioning showing normia(unaffected) mouse
liver tissue after STa treatment at 1600 pg/ml.
(Hematoxyline & Eosin) (A): at 100X (B): at 400X
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Figure (3-5): Histological sectioning showing normia(unaffected) mouse
stomach tissue after STa treatment at 1600 pg/mi.
(Hematoxyline & Eosin) (A): at 100X (B): at 400X
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Figure (3-6): Histological sectioning showing normia(unaffected) mouse
lung tissue after STa treatment at 1600 pg/ml.
(Hematoxyline & Eosin) (A): at 100X (B): at 400X
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3.6 Cytogenetic Analysis
3.6.1 Cytogenetic effect of STa on mouse bone mawaells
3.6.1.1 STa effect on mitotic index (Ml)

The treatment effect of five doses of STa and tweed of MMC (as a
positive control) in addition to PBS (as a negatieatrol) on mitotic index of
mouse bone marrow cells was shown in table (3-Bgr@ were no significant
differences (P>0.05) for all STa doses after fiagsdof treatment (6.933, 6.133,
6.30, 7.0 and 6.233%) at doses of (100, 200, 400, &d 1600ug/KQg)
respectively as compared with negative controlq%@k However, a significant
decrease (P<0.05) in the MI was seen after tredtmitn two doses of MMC
(2.866 and 0.942%) at doses of (2 and 5ug/Kg) msedy. The reduction in
the MI after MMC treatment has been also demoredrddy many authors
(Littlefield et al., 1980; Shubber et al., 1985; Shubber, 1987; Papachristouet
al., 2006). There are other chemotherapeutic druggsatbo cause Ml reduction,
like methotrexate (MTX) (ALAmiry, 1999; Taj et al., 2003) and tamoxifen
(TAM) (Sayhood, 2000).

Reduction in the MI may be related to selvéaators: first of all, the
proteins required for mitosis may not be produecethe same quantities, or the
code did not reach the cells to induce it for geoétion or the drugs may
caused death of bone marrow cells (Tureteal., 1988) or due to the effect
occurred in the mitotic spindles composition durieg)l division (Shiraishi,
1978). At the same time, MI was shown to incredter &reatment with other
kinds of agents, such as antioxidants (e.g., vita@i which is the active
constituent of many plants), they act by induciml division by acting as
mitogens (Ketterer, 1988ravis, 1995).

The non significant differences in Ml thaéne seen after STa treatment,

may be due to that STa does not have any effettteoproteins or enzymes that
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have correlation with cell division, or it does nwve the activity of many
mitogenic agents.
3.6.1.2 STa effect omicronucleus (MN) induction

The mouse bone marrow micronucleus assay holdsy paésition in all
schemes for detecting potential carcinogens andageuts. Micronucleus
frequency of polychromatic erythrocytes from negaticontrol mice was
(0.566%) (table 3-2, figure 3-7).This percentages wan significantly differed
(P>0.05) after treatment with STa (0.30, 0.533,3)43.50 and 0.590%) at
doses of (100, 200, 400, 800 and 1600ug/Kg) resdgt as compared with
the negative control. A significant increase (P$0.th MN frequency was
detected after treatment with MMC (2.733 and 5.1B2% (2 and 5ug/Kg)
respectively as represented in table (3-2). Howesianlar results for induction
of MN frequency in MMC-treated mice were denoted(bhajoneet al., 1983;
Nakagawa and Mori, 2003). The increase in MN nunnb&y be suggested that,
micronuclei may be originated from acentric chroome fragments, either
from the double-stranded DNA damage before celsthn or after breakage of
anaphase bridges (Schmid, 1982). Mikeal., (1997), pointed that MMC act
as a clastogenic agent and a micronucleus indodssth mouse and human.

Although, there are agents that cause isekdN frequency, at the same
time several plant extracts cause decreased MNidrery. A number of plants
were shown to contain active constituents suchuéis and quercetin which
protect DNA from damage by their antimutagenic detbxification activities
(Weitbery, 1987 Ahmed, 2000). STa neither causes DNA damage nor protects
DNA from damage and therefore, no significant ddfeces in MN frequency

were reported after treatment with it.
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Figure (3-7): Micronucleated bone nteow cell from mouse
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Table 3-2 mice cyto
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3.6.1.3 STa effect on chromosomal aberrations (CAS)

The spontaneous frequency of chromosomal abersatmountreated mouse
bone marrow cells was (0.276%) which consideredeggtive control (table 3-
2, figure 3-8). In this study, the types of chrommal aberrations which have
been observed were; ring, gap, acentric, dicentciiromosome break,
chromatid break and deletion. Neither the low mherhigh doses of STa caused
a significant differences (P>0.05) in total andalhtypes of CAs frequency in
comparison to the negative control. Results of g¢a{8-2) indicated that
treatment with different doses of STa did not redocinduce spontaneous CAs
(0.325, 0.309, 0.286, 0.274 and 0.322%) at dos€4Qif, 200, 400, 800 and
1600ug/Kg) respectively as compared with negatordrol.

A significant increase in total and in ajbés of CAs was seen after
treatment with MMC (0.907 and 1.558%) at doses »fand 5ug/Kg)
respectively when compared with the negative cdntrexcept with
chromosome break which showed non significant défiee with the (2) pg/Kg
dose only (table 3-2, figure 3-8). These resultaea agreement with Majone
et al., (1983), who had reported that CAs frequencyeaased in mouse bone
marrow cells after treatment with different dosésMMC, and it was dose
dependent. MMC was shown to increase CAs frequémough inhibition of
DNA repair system, or it may act on topisomerasand leading to more DNA
damage (Koomest al., 2002; Prasher et al., 2005; Papachristoet al., 2006).

On the other hand, the reduction in CAs desgcy was noticed after
treatment with plant extracts that contain vitamwigch act as scavengers for
free radicals in the cells and they may also acamsmutagens for many
mutagenic drugs in mouse bone marrow cells (Kbld., 1989; Ghaskadbi et
al., 1992).
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STa neither caused an increase in CAs fregyubecause it does not bind

to DNA or affect DNA repair system, nor caused ardase in CAs frequency

because it does not have scavenger or antimutagesperties.

Figure (3-8): Metaphase of mouse bone marrow cells showing; normal
chromosomes (A), 1.gap 2.chromosome break (B), ring),
deletion (D). 1000X
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3.6.2 Cytogenetic effect of STa on human blood lyrhpcytes(From normal
healthy persons)
3.6.2.1 STa effect on mitotic index (Ml)

The mitotic index of normal untreated human blogdphocytes (negative
control) was (3.870%) as shown in table (3-3).

However, neither the high concentration tie low one of STa caused
significant differences (P>0.05) in the Ml compaveth negative control. Five
different concentrations were used in this studyetaluate the cytogenetic
effect of STa on the MI and it was found to be {4.8.850, 3.510, 3.550 and
3.630%) at concentrations of (100, 200, 400, 8@DEG00 pg/ml) respectively.
Significant decrease (P<0.05) in the Ml was deteeféer treatment with MMC
(1.990%) at (5) pg/ml as compared with the negatwatrol. This result
indicated that MMC caused inhibition of mitosis wihiwas either due to the
formation of an incomplete metaphase of chromosamnedtered arrangement
of spindle microtubules (Arutyunyaat al., 2004; Wick and Gebhart, 2005).

Significant increase in the Ml was inducé@&eratreatment with some herbal
plant extracts that may contain active constituemtsch may stimulate the
mitosis process (Mowery, 1986; Hagal., 1995; Hag et al., 1998). However,
non significant differences that were indicate@afteatment with STa may be

because of that STa does not have any effect omitlesis process.

3.6.2.2STa effect on Blast index (BI)

The blast index of human blood lymphocytesh& negative control was
(54.10%) as shown in table (3-3). The treatmentt @ditferent concentrations of
STa did not cause any significant differences (B50in the Bl of human blood
lymphocytes i vitro) as compared with the negative control. The Bugal
were (53.20, 54.30, 55.10, 51.70 and 52.30%) atemnations of (100, 200,
400, 800 and 1600 pg/ml) respectively.

q¢
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A Significant decrease in the Bl was notie#@r treatment with (5) pg/ml
of MMC which reached to (32.50%) compared to thgatiee control. Such
reduction in both MI and Bl indicated that MMC hasytotoxic activity on
human blood lymphocytes as had been indicated me sovestigators (Filoni
et al., 1995; AL-Obaidy, 2001; Wick and Gebhart, 2005). Increased percentage
of Bl was seen after treatment of human blood lyogytes with many herbal
plants due to the presence of active compoundsein éxtracts that stimulate
blastogenesis or blast transformation of lymphacyt®lowery, 1986, AL-
Kayat, 1999). STa did not show to inhibit blastogga like MMC or to
stimulate blast transformation as many herbal plasto no significant
differences in Bl were seen after treatment of huini@od lymphocytes with
STa.

3.6.2.3 STa effect on micronucleus (MN) induction

The spontaneous frequency of MN after treatnwith STa did not differ
significantly (P>0.05) as compared with negativeatoad (1.390%), it was
(1.420, 1.170, 1.440, 1.270 and 1.390%) for STaceotmation of (100, 200,
400, 800 and 1600 pg/ml) respectively (table 3-Significant increase
(P<0.05) in the MN frequency was occurred afterattrent with MMC
(3.060%) at (5) pg/ml. Similar results were alstagied by (Fautlet al., 2000;
Zhanget al., 2002; Undeger €t al., 2004; Okamoto, 2005), they had proved that
MMC is a powerful mutagenic anticancer drug.

While significant decrease (P<0.05) in thé&\ Ntequency was detected
after treatment with many plant extracts, especidiat contain quercetin as
their active constituent and which in fact was usededuce the DNA damage
caused by MMC by showing antimutagenic activityn@an, 2004)..

STa neither showed mutagenic nor antimutageactivities, so no

significant differences were seen after treatmetit it

q0
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Table 3-3 normal person cyto
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3.6.2.4 STa effect on chromosomal aberrations (CAS)

In this study the types of CAs which have been olesk were; ring, gap,
acentric, dicentric, chromosome break, chromatidakrand deletion. The
percentage of total CAs in normal human blood lyoges culture was
(0.204%). A significant increase (P<0.05) in tadad in all types of CAs was
noticed after treatment with MMC (0.857%) at (5Yml as compared with the
negative control (table 3-3, figure 3-9). Similasults were obtained by (Latt,
1974; Tijima and Mrimoto, 1991; Baohonget al., 2005; Siddique and Afzal,
2005), in which, they found that MMC was effectiweinducing high CAs
percentage due to its ability to cause high DNA @gen even with less
concentrations. While significant decrease (P<0i03he CAs frequency was
seen after treatment with many plant extracts thety contain active
constituents, which showed powerful free radicalvengers or antimutagenic
activities (Ghaskadl®t al., 1992).

However, non significant differences (P>0.0%)otal and in all types of
CAs were obtained (0.197, 0.20, 0.193, 0.208 aB@230) after treatment with
different concentrations of STa (100, 200, 400, 8@d 1600 pg/ml)
respectively, as compared with the negative comtr@able 3-3).

This indicates that, STa lacks the effecbath MMC and plants extracts,
by inducing or reducing the frequency of CAs.

aA
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Figure (3-9): Metaphase of human blood lymphocyteshowing; normal

chromosomes (A), dicentric (B), deletion (C), 1. antric, 2.
gap (D). 1000X
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3.6.3 Cytogenetic effect of STa on human blood lympcytes (From
colorectal cancer patients)
3.6.3STa effect on mitotic index (Ml)

Upon normal conditions and without any kioidtreatments, cancer cells
have a reduced MI percentage as compared with marefls. This may be
because cancer cells themselves secret some stdsstdmt cause certain
chromosomal damage or inhibit the protein kinakat(play an important role
in the cell cycle), thus affecting the metaboliogesses that causing the cells to
transfer from G phase to M phase, beside most of the DNA damag&atbe
repaired (Cliffordet al., 1981; Vernoleet al., 1988; Udayakumar and Bhargava,
1994 Jennifer, 2000). As a result, cancer cells have abnormal cell cgale to
the large amount of damage in their DNA which imfwaffects the regulation
of both mitosis and apoptosis processes leadirggvery low number of cells
that have the ability to cross the, @hase and thus they had reduced Ml
(Mitelmanet al., 1976; Anthony et al., 1999).

In this study, the MI of the negative cohtfantreated) human blood
lymphocyte culture from colorectal cancer patiemés (1.665%), as shown in
table (3-4).

A gradual inhibition in MI values was noticeafter using different
concentrations of STa, and such inhibition was tbua be concentration
dependent. Although there was a gradual decreadél iwhich reached to
(1.630, 1.560, 1.470 and 1.305%) upon using theaamnations of (100, 200,
400 and 800pg/ml) respectively, but this inhibitimas not significantly
different (P>0.05) compared with negative contrsl shown in table (3-4).
However, significant inhibition (P<0.05) in Ml waschieved after treatment
with STa at a concentration of (1600) ug/ml whielaghed to (1.105%), and
this inhibition was appeared to be near to thasedlby MMC (1.050%) at a
concentration of (5) pg/ml. Similar results for tleeluction in Ml after MMC
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treatment of blood lymphocytes culture from coléakcancer patients were
indicated by (Barlogie and Drewinko, 1980). It wdmwn that MMC had less
inhibitory effect on cancer cells compared with mal cells, and one of the
major reasons for that is; cancer cells have acenaalformations in their
cytoplasmic membrane which prevent entry of MMQithe cells leading to
the inhibition of cell proliferation and this inrtuexplain the resistance of some
cancer patients to chemotherapy drugs (Regal:, 1993).

However, even the significant reduction il Mas resulted only after
treatment with the highest concentration of STd,&bgradual inhibition in Ml
was occurred and it was concentration dependedtpay be if much higher
concentrations were used, more inhibition in Ml roagurred. One explanation
for that is the presence of circulating colorecahcer cells which migrated
from the primary cancer site to another sites m blody by the bloodstream
(Fehmet al., 2002). Since STa bind only to specific recept®e-C and these
receptors are expressed only by colorectal celigl, with the presence of
circulating colorectal cancer cells in the bloo@a%an bind to these cells and
inhibits their proliferation, which was expresseg the reduction in Ml

percentage.

3.6.3.2 STa effect on blast index (Bl)

Cancer patients usually have reduced Bl wbempared with normal
healthy persons. The process of blastogenesis starthe binding of certain
mitogen (PHA) with certain surface receptors onpiatic cells, then a chain
of biochemical events occurs (Dangthal., 1987). The reduction in the Bl may
be due to several reasons such as; malformatiotiseirsurface receptors to
which mitogen binds or a defect in the biochematain which work after the
binding between receptors and mitogens, and this mage occurred because

of the secretion of certain hormones with abnoriiathemical activity, or
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certain other substances that interfere with tHeilee metabolic process by
cancer cells (Angkson, 1985; Peter and Kolasek, 1997; AL-Amiry, 1999).

The BI of untreated blood lymphocytes cudtdrom colorectal cancer
patients was (30.10%) which was considered as atiwvegcontrol as shown in
table (3-4). A gradual inhibition in Bl took plaedter treatment with different
concentrations of STa, and this inhibition was @mtiation dependent. The BI
when using concentrations of (100, 200 and 400ygfedched to (29.90,
29.40, and 28.250%) respectively, was not sigmfigedifferent (P>0.05) from
the negative control. While the significant redant{P<0.05) in Bl was started
from concentration (800) upg/ml, which reached t®.82 and 22.0%) at
concentrations of (800 and 1600ug/ml) respectivay/shown in table (3-4).
One explanation for this gradual inhibition, as wiascussed previously is the
presence of circulating cancer cells, to which ®ld through the GC-C
receptors and the resulting subsequent inhibitiothe proliferation of these
cells which was indicated by reduction in BI.

A significant decrease (P<0.05) was alsowhafter treatment with MMC
(21.10%) at concentration of (5) pg/ml. Similar uks were obtained by
(Barlogie and Drewinko, 1980Many anticancer drugs may act by making
certain defects in the receptors to which mitogaing, and these defects may
prevent or reduce the occurrence of this binding@bWwageet al., 1996), and
as a result reducing the BI.

This reduction in both Ml and Bl indicatetiSTa has a cytotoxic effect on

human blood lymphocytes from colorectal cancergoasi.

Yo ¥
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3.5.3.3 STa effect on micronucleus (MN) induction

The human blood lymphocytes obtained froncea patients showed much
higher MN frequency compared with those from norhnedlthy persons. This
may be due to higher DNA lesions that associatdt wancer development.
However, unrepaired and aberrantly repaired DNAoles that results from
DNA damage, can lead to genomic instability and igma@nt progression
(Skorski, 2002; Huebner and Croce, 2003).

No significant differences (P>0.05) were meleal in the frequency of MN
after treatment with different STa concentratioascampared to the negative
control (3.350%). As shown in table (3-4), the melenl frequencies were
(3.310, 3.290, 3.435, 3.220 and 3.460%) at conatatrs of (100, 200, 400,
800 and 1600ug/ml) respectively. A significant gmse (P<0.05) in MN
frequency was occurred after treatment with MMC51{0%) at (5) pg/mi.
Similar results were obtained by Nestial., (2000) who showed that MN
induction increased after MMC treatment even afl)(ug/ml, and it was

concentration dependent.

3.6.3.4 STa effect on chromosomal aberrations (CAS)

Chromosomal aberrations may act as a fundah@athophysiological
event in human carcinogenesis (Bonassil., 1995; Hagmar, 1998; Platzeret
al., 2002), a common example includes inactivatiotuafor suppressor genes
by chromosomal deletions (LeaBeau, 1997). Thusgaracells show a higher
CAs percentage compared with the normal céltsbhart, 1993; Hagmar et al.,
1994; Liou et al., 1999; Tsafriret al., 2006). Virtually all cancers reveal a
tumor-specific distribution of genomic imbalanceditenset al., 1997; Korn et
al., 1999), and individual tumor-specific chromosomahbalances are

preserved even after years of cell culture (Maewilal., 1999).
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The percentage of total CAs in human blogdphocytes obtained from
colorectal cancer patients without any treatmens x863%) as shown in
table (3-4). The types of CAs that were lookedimothis study were; ring, gap,
acentric, dicentric, chromosome break, chromatidakrand deletion. Non
significant differences (P>0.05) in total and ihtgpes of CAs were observed
after treatment with different concentrations oaS0.877, 0.857, 0.848, 0.849
and 0.867%) at concentrations of (100, 200, 4000 &dd 1600ug/ml)
respectively, as compared with the negative colftable 3-4).

Although STa reduced both the Ml and BI, but it dat show to have the
ability to cause DNA damage and thus non signiticdifferences were seen
with MN and CAs after treatment with STa. IndeedaSs structurally and
functionally homologous to the endogenous peptidgsianylin and
uroguanylin) which mediate autocrine / paracrinetam of intestinal fluid and
electrolyte homeostasis (Forte, 1999). Under noromlditions, these two
peptides bind to GC-C receptors, which in turn hbeen implicated in the
regulation of the balance of proliferation and eliéntiation along the crypt-to-
villus axis in the intestine (Qiam,t al., 2000; Pitari et al., 2001), but the
mechanism by which this regulation occur still uakm. In this study, results
showed that GC-C, at least, work without causing damage in the DNA,
because if the work of GC-C is combined with DNA@ae; this will be a real
disaster. However, significant differences (P<0i03ptal and all types of CAs
were seen after treatment with MMC (1.474%) ati(§)ml, as compared with
the negative control. Although MMC was used effesly in treating of
different types of cancers, including colorectat@a (Satcet al., 1990; Chong
et al., 2005), but certain CAs were found to be assediatith MMC treatment
(Heim, 1985; Murty et al., 1987; Nakamori et al., 2003).
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3.7 Enzymatic Assays: Effect of STa on Liver Funabnal
Enzymes (GOT, GPT, ALP) Levels in Mouse

In this study the effect of STa on GOT (glutamatgaloacetate
transaminase), GPT (glutamate pyruvate transamjinasd ALP (alkaline
phosphatase) levels have been investigated. Resulible (3-5) showed that
non significant differences (P>0.05) in GOT levelsaseen after treatment with
STa when compared to that of the negative contt8D.33) U/L, and the
recorded levels were (186.33, 196.0, 194.0, 188rtIr192.67U/L) at doses of
(100, 200, 400, 800 and 1600ug/Kg) respectivelyil®\significant increases
(P<0.05) were seen after treatment with MMC wheached up to (231.33 and
270.0 U/L) at doses of (2 and 5ug/Kg) respectivaly,compared with the
negative control.

Regarding GPT level, STa treatment did raeise any significant changes
(P>0.05) as compared with that of the negativerobi62.33) U/L. The GPT
levels were (63.67, 57.0, 59.0, 58.33 and 62.67dfL.3Ta doses of (100, 200,
400, 800 and 1600ug/ml) respectively. On other hsigaificant increases
(P<0.05) were seen after MMC treatment which red¢b€83.33 and 98.0U/L)
at doses of (2 and 5ug/Kg) respectively in comparisith negative control.

At the same time, no significant differen¢Bs0.05) in ALP level were
indicated after STa treatment, as compared withnégative control (65.33)
U/L. They were (66.33, 68.33, 63.0, 63.33 and 62.0dt doses of (100, 200,
400, 800 and 1600ug/Kg) respectively. Significaietéases (P<0.05) were also
seen after MMC treatment which reached to (87.6¥V 105.33U/L) at doses of
(2 and 5ug/Kg) respectively, as compared with thgative control. The levels
of GOT, GPT and ALP enzymes in the serum were asgd after treatment
with several chemotherapeutic drugs including thd®4 This increase may be
due to that, these drugs have cytotoxic effectiwer Icells and this leads to

increase the permeability of liver cell membrandorause damages in liver



Chapter Three =-----=-=s=sesemm e eee Results and Discussion

tissue and thus causing the release of high gyasftthese enzymes into blood
(Bonnefoiet al., 1989; D'Mello et al., 1999; AL-Obaidy, 2001).
Table (3-5): STa effect on liver functional enzyms (GOT, GPT, ALP)

Treatment GOT m+SE GPT m+SE ALP mSE
PBS : i )

190.33+7.51 62.33+6.03 65.33+4.51
a a

STa 100 pg/ml 186.33+7.09 63.67+5.03 66.33+3.51
a a

SR 200 el 196.00+7.55 57.00+2.00 68.33+3.21
a a

UGV [TE/l 194.00+6.00 50.00+4.51 63.00+1.53
a a

STED e 188.6745.13 58.3345.51 63.0042.00
a a

STal600 pg/ml 192.67+4.04 62.67+6.11 62.005.00
b b b

MMC2 pg/ml 231.336.51 83.3315.51 87.67+5.69
C C c

SIRIES et 270.00+6.24 98.00+6.08 105.33+4.51

Differences a, b are significant (P<0.05) to compssion rows
Banerjeet al., (1994) pointed that most of the chemical compmswrork

by inhibiting the activity of detoxification enzymesuch as superoxide
dismutase (SOD) and glutathione-S-transferase (@BaY) scavenging free
radicals from the cell. On other hand, some plaoish as black seed, were
shown to decrease the level of these enzymescattin infection or treatment
with certain drug, as a result of having antioxidand anticytotoxic activities,
(Mahmoudet al., 2001; Hassan, 2002).

Thus, non significant changes in the lefgb®T, GPT and ALP after STa
treatment indicate that STa neither causes liveradge or increases liver cell
membrane permeability nor has antioxidant activitgwever, this result was

proved the previous result that obtained when sigdthe clinicopathological
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effects of STa on mouse, which indicated that SlBa did not cause any
pathological changes in liver, because if it hasignificant changes were

expected to seen in the level of these enzymes.
3.8 Cytotoxicity of STa on Primary Cancer Cell Culures and

Normal Cell Line

3.8.1 Cytotoxic effect of STa on primary cancer cetultures

The cytotoxic effect of STa on primary cancell cultures was determined
by evaluating its effect on: five tumor tissuesasied from patients with colon
cancer, two tumor tissues obtained from patientth Wwiadder cancer, two
tumor tissues obtained from patients with breastceg two tumor tissues
obtained from patients with stomach cancer and tiwoor tissues obtained
from patients with lung cancer.

Results of the cytotoxic effect of STa on turtissues obtained from five
different colon cancer patients showed that STa@adan obvious inhibition in
the growth of cancer cells compared with the negattontrol and this
inhibition was close to the inhibition that was rsegith the positive control
(MMC, at concentration of 10ug/ml), as shown irufig (3-10/ A, B, C, D and
E). These results that associated with growth itibib of primary colon cancer
cell culture after STa treatment were similar tosi obtained by many authors
(Pitari et al., 2001; Ghanekar et al., 2003; Morgan, 2003; Pitari et al., 2003;
Carritherset al., 2003; Pitari et al., 2005), and in fact some of them were able to
reduce the growth of cancer cell lines with lesacemtrations of STa. They
showed that STa induce colorectal cancer cytostagisout cell death by
targeting guanylyl cyclase-C (GC-C) signaling ahne anticancer action of this
toxin is mediated by cGMP that dependent influxGaf? through the cyclic
nucleotide-gated channels. Thus, GC-C is the spe@teptor for STa, and
without it, STa will be unable to exhibit its cytasis effect (Manmt al., 1997;
Charneyet al., 2001; Ghanekaret al., 2004; Albano et al., 2005). In fact some
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chemotherapeutic drugs show their cytotoxic effegtactivation of cGMP

(Pitariet al., 2006).
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Figure (3-10): Cytotoxic effect of STa on primary ancer cells cultures

obtained from five patients with colon cancer.
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Previous studies showed that STa penchantinfiestinal cells only,
indicating that, as a drug, it would focus justtbese cells and leaves others
alone, and upon its injected into the blood it migkien specifically combat
colon cancer cells that had been migrated to qthetss of the body. Thereby,
derailing metastasis which is a serious problethistype of cancer. Pitari and
coworkers predicated that even if this toxin onlgws the growth of colon
cancer cells without killing them, it speculate tthiamay lead to possible
therapy that would control colorectal cancer spread

Thus, if the sacrifice for one is to haveasional diarrhea and prevent the
tumor in the colon from ever forming or progressitigvorth's it (Carrithergt
al., 2003).

At the same time the cytotoxic effect of SFaprimary cancer cell cultures
obtained from other organs have been also stuéRedults showed that STa
had no inhibitory effect on the growth of canceliscebtained from (bladder,
breast, stomach and lung cancer) as shown in sg{&d1, 3-12, 3-13 and 3-
14, A and B) respectively.

Y
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Figure (3-11): Cytotoxic effect of STa on primary ancer cells cultures
obtained from two patients with bladder cancer.
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Figure (3-12): Cytotoxic effect of STa on primary ancer cells cultures

obtained from two patients with breast cancer.
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Figure (3-13): Cytotoxic effect of STa on primary ancer cells cultures
obtained from two patients with stomach cancer.
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Figure (3-14): Cytotoxic effect of STa on primary ancer cells cultures
obtained from two patients with lung cancer.
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The most reasonable explanation for the alese&f STa effect on these
primary cancer cell cultures is that STa does mud o these cells due to the
absence of the expression of GC-C receptors tohnfilia binds and exerts its
effect (Albanoet al., 2005).These results were in close agreement tvidke
declared by (Krauset al., 1994; Carrithers et al., 1996; Cagir et al., 1999), in
which they examined the binding affinity of STadrtraintestinal tissues by
using many different types of cancers and with tiseng of more precise
techniques including reverse transcription-polyrserahain reaction (RT-
PCR), they showed that STa binding were not dedeate all these
extraintestinal cancers, and thus no cytostasesefbr STa was detected.

3.8.2 Cytotoxic effect of STa on normal cell lineREF)

When any substance was suspected to be used ierdhecapy, it must
show a selective toxicity on cancer cells but nohormal cells in order to say
it is safe. So, when cancer cell lines are useny study, normal cell lines
should be also use as a control for comparisothitnstudy, REF (rat embryo
fibroblast) cell line was used as a normal cekliResults shown in figure (3-
15) indicated that STa has no cytotoxic effect amrmal line (REF) as
compared with negative control, and there is aneimee in the growth of cells
as the STa concentration decrease. This inveragamship may be explained
by the increase in the growth medium concentragbnthe time of STa
concentration decrease, since growth medium corateont play a significant
role in the cell culture technique (Freshney, 200®)milar results were
indicated by (Carritherat al., 1995), who examined the binding and function of
STa in normal extraintestinal human tissues andreotal tumors. They found
that STa was able to bind specifically to all cobord rectum tumors that were
examined, while neither STa binding nor STa actwvabf GC-C was detected

in all examined normal extraintestinal tissuesadidition, DNA of tumor cells
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was found in a relaxant shape, and the DNA molewas found in unstable
figure because of the far away between the H-baviish connect the both
strands of DNA and this makes easy for compoundstéofere or associated to
both DNA strands. On the other hand, DNA of norp@lls has strong H-bonds
that connect the both strands to each others arddrtiaking it more stable, so
by this way, the compounds can not interfere op@ase with DNA strands

(Belijanski, 2002). However, inhibition of normadltline growth was detected
with MMC treatment at a concentration of (10) ug/ad compared with the
negative control, and this result came in agreemght\Wanget al., (1999), in

which they showed that MMC has toxicity to both maf and tumor cell lines

and this toxicity could be increase or enhancedrtat substances.
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Figure (3-15): Cytotoxic effect of STa on normal deline (rat embryo
fibroblast / REF).
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Chapter four: Conclusions and Recemmendations
4.1 Conclusions

1. STa has no cytotoxic effect on mouse bone marrow cells (in vivo), it did not
cause any significant decrease or increase in the spontaneous frequency of
CAs, MN or MlI, beside no changes in the serum level of liver functiona
enzyme (GOT, GPT, ALP) or clinicopathological effects were seen.

2. STa has no cytotoxic effect on human blood lymphocytes (in vitro) obtained
from normal healthy persons, in which neither reduction nor induction was
seen in the spontaneous frequency of CAs, MN, MI or Bl after STa
treatment, while it showed the ability to reduce only the spontaneous
frequency of both Ml and BI but with no significant changes in the
spontaneous frequency of both CAs and MN of the human blood
lymphocytes (in vitro) obtained from colorectal cancer patients.

3. In vitro study proved that STa has cytotoxic effect on primary cancer cell
cultures obtained from colon cancer but not on primary cancer cell cultures

obtained from other types of cancer.

4. This study showed that, STa has no cytotoxic effect on normal cell line (in
vitro).

RR!
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4.2 Recommendations
1. Performing complete purification of STa to obtain more activity and then

more cytotoxic effect by using lower concentrations.
2. In vivo study of STaon tumor bearing animals.

3. Further studies were required for the STa effect on the inhibition of
genotoxic effects produce by many chemotherapeutic drugs including;

MMC (interaction study).

4. Further studies were needed for detecting the effect of STa on the immune
System.
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Chapter Three

Table (3-4): Continued

Results and Discussion

Chromosomal aberrations % m+SE
Treatment Ring Gap Acentric Dicentric Chromosomel|| Chromatid Deletion Total
breaks breaks

PBS a a a a a a a a
0.036+0.01§| 0.326+0.03Qf 0.045+0.02¢) 0.131+0.019| 0.024+0.01% 0.207+0.023 0.094+0.2d] 0.863+0.044

STa a a a a a a a a
100 pg/ml 0.038+0.023] 0.305+0.044| 0.052+0.017| 0.130+0.01d| 0.027+0.011] 0.218%+0.034| 0.107+0.02%| 0.877+0.017%
STa a a a a a a a a
200 pg/mi 0.032+0.024] 0.310+0.033] 0.043+0.01§| 0.140+0.023| 0.020+0.014] 0.210+0.02%| 0.102+0.03Q| 0.857+0.06(
STa a a a a a a a a
400 pg/ml 0.032+0.014| 0.314+0.004] 0.045+0.01§| 0.145+0.02% 0.019+0.01(¢] 0.211+0.02F| 0.082+0.023 0.848+0.011]
STa a a a a a a a a
800 pg/ml 0.040+0.024| 0.331+0.03§| 0.051+0.02Q] 0.118+0.014] 0.026+0.013] 0.195+0.02¢] 0.088+0.0204| 0.849+0.0571
STa a a a a a a a a
1600 pg/ml 0.043+0.021] 0.341+0.033 0.054+0.014] 0.110+0.023] 0.020+0.009] 0.191+0.019| 0.108+0.017] 0.867+0.053
MMC b b b b b b b b

5 ug/ml 0.072+0.013 0.517+0.043 0.081+0.02¢) 0.227+0.023 0.057%0.014] 0.349+0.023 0.171+0.017 1.474+0.77

Differences a, b are significant (P<0.05) to compssion rows
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Table (3-4): Cytogenetic effects of STa in compais with negative (PBS) and positive (MMC) control®n human

blood lymphocytes obtained form colorectal cancergtients (n vitro)

Results and Discussion

Treatment Blast Index Mitotic Index Micronucleus
% m=SE % m+SE % m+SE

PBS 4 2

30.100+0.898 1.665+0.111 3.350+0.095
a a

STa 100 pg/ml 29.900+1.017 1.630+0.128 3.310+0.097
ab a

STa 200 pg/ml 29.400+1.015 1.560+0.125 3.290+0.085
ab ab

STa 400 ug/ml 28.250+1.109 1.470£0.133 3.435+0.0116
b ab

STa 800 pg/ml 25.800+1.191 1.305+0.142 3.220+0.085
C b

STa 1600 pg/ml 22.000+1.211 1.105+0.137 3.460+0.091
C b

MMC 5 pg/ml 21.100+0.720 1.050+0.85 4.510+0.122

Differences a, b, ¢ are significant (P<0.05) to cqmression rows
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Table (3-3): Cytogenetic effects of STa in compais with negative (PBS) and positive (MMC) control®n human

blood lymphocytes obtained form normal healthy persns {n vitro)

Results and Discussion

Treatment Blast Index Mitotic Index Micronucleus
% m+SE % m+SE % m+SE

PBS 2

54.10+1.214 3.870+0.120 1.390+0.101
a

STa 100 pg/ml 53.20+1.027 4.010+0.098 1.420+0.085
ab

STa 200 pg/ml 54.30+1.030 3.850+0.100 1.170+0.085
b

STa 400 ug/m 55.10+1.353 3.510+0.161 1.440+0.113
b

STa 800 ug/ml 51.70+0.950 3.550+0.154 1.270+0.091
ab

STa 1600 ug/ml 52.30+0.950 3.63020.117 1.390+0.103
C

MMC 5 pg/ml 32.50+1.460 1.990+0.120 3.060+0.110

Differences a, b, c are significant (P<0.05) to cqmession rows
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Results and Discussion

Table (3-3): Continued

Chromosomal aberrations % m+SE
Treatment Ring Gap Acentric Dicentric Chromosome|| Chromatid Deletion Total
breaks breaks

PBS a a a a a a a a
0.00+0.0d| 0.150+0.004 0.00+0.0d 0.001+0.0d 0.00+0.00 0.00+£0.0¢| 0.053+0.004| 0.204+0.009

STa a a a a a a a a
100 pg/mi 0.00+0.0d] 0.156+0.004 0.000+0.0d 0.00+0.00 0.00+0.00 0.00+0.0d 0.041+0.04] 0.197+0.00%

STa a a a a a a a a
200 pg/ml 0.00+0.00 0.00+0.00 0.00+0.00 0.002+0.0d 0.00+0.00 0.000+0.0d| 0.059+0.004| 0.200+0.004

STa a a a a a a a a
400 pg/ml 0.00+0.04] 0.142+0.009| 0.00+0.00 0.001+0.0d 0.00+0.00 0.00+0.0d] 0.050+0.004] 0.193+0.009

STa a a a a a a a a
800 pg/ml 0.00+0.04| 0.149+0.001 0.00+0.0d 0.001+0.0d 0.00+0.00 0.00+0.0d] 0.058+0.00%| 0.208+0.007

STa a a a a a a a a
1600 pg/ml 0.00+0.0d] 0.155+0.004 0.00+0.00 0.000+0.0d 0.00+0.00 0.00+0.04] 0.047+0.003] 0.202+0.009
MMC b b b b b b b b
5 pg/ml 0.005+0.003] 0.468+0.02%] 0.009+0.004] 0.073+0.003] 0.006+0.003 0.009+0.004| 0.287+0.01§| 0.857+0.029

Differences a, b are significant (P<0.05) to compssion rows
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Results and Discussion

Table (3-1): Purification steps results of STa by ion-exchange chromatography (DEAE-Sephadex A-50) column

(2x10 cm)
Steps Volume || Activity Protem_ Tota_J Tc_)tgl Spgc[flc Purflflcatlon vield
(mi) (U/mi) concentration || protein || activity || activity actor (%)
(mg/ml) (mg) (V) (U/mg) (fold)
Super natant 250 56 0.16 4 || 14000 | 350 1 100
CUESIE 5 504 0.41 205 | 2970 || 14487 4.13 21.21
DEAE-Sephadex A-50
column chromatography 27 95 0.04 1.08 2,556 2366.6 6.76 18.25
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