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Chapter One: Introduction

1. Introduction

The conception of herbal safety has undergone aft sim
recent years. Previously, two concepts depictinge tHundamental
safety of herbs have prevailed. One was religioWdlah had put
the herbs on this earth to heal the illnesses ofmkmd; they were
designed to be helpful and not harmful. Man, tugniraway from
Allah teachings, dabbled in things that were ow@sidnan's more
limited role, and could then cause harm. Therefoneturning to
Allah natural pharmacy would assuredly provide helghe other
concept was based on the scientific view of natupgants and
animals had evolved together over hundreds of ondli of years,
and there was a natural balance in the constituaitsplants and in
their interaction with animals (and, therefore, hwithumans). Thus,
while isolated chemicals from plants and their  hegtit
derivatives used, as drugs would be harmful becatkey lacked
nature's balance, whole herbs would be healing usecaeach of
the myriad ingredients balanced the others and yoedl a
harmonious interaction with the numerous substanaas the body
of the consumer. Both the religious and scientifinterpretations
converged on the concept that herbs and natural dsfooare
inherently safe, while those substances modified oreated by
man often do harm (Subhuti, 2000).

Pelargonium odoratissmum (L.) soland IS grown mainly for
aromatic and ornamental reasons, edible. odoratissmum used as
astringent , antiseptic, gastro-enteritis and henage (Uphof, 1959;
Westwood, 1993).
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Metronidazole (Flagyl) is an importantugr that provides significant

efficacy in treating anaerobic and parasitic infats (Darbonet al.,1962).
Metronidazole reaches good levels in nearly all yoddsues, including the
cerebral spinal fluid, saliva, bone, and absces$isavailability studies

show equal efficacy with oral and intravenous dg<i@ilbert, 2001).

Metronidazole and its principal metatedi are mutagenic in
bacteria. The tumorgenicity was observed in aninsalidies after oral
administration of metronidazole e.g. pulmonary tugenesis , malignant
hepatic tumors and malignant lymphomas confirmed tumorgenicity
(Internet, 2005).

Many medicinal herbs and drugs arerapeutic at low doses and
toxic at high doses (Ernest and Pittler, 2002).

The interactions between herbs and drugs may iseremr decrease
the pharmacological or toxicological effects ofheit component (Adriene,
2000)

The aim of this work was to reduce the side effeofs existing
drugs. Researchers could develop matched drugesatidbairs at the
beginning of the drug development process to endbée control of drug
activity in patients. This approach could be readchey testing genome
stability through the following:-

1. Detecting the active compounddofodoratissimum (L.) soland .

2. Studying the cytogenetic effect of metronidazeled P. odoratissimum
aquatic extract by using (mitotic index, chromosbra@erration assays) in
mouse bone marrow cellsin( vivo) and in human blood Iymphocytes

cultures (n vitro).
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3. Studying the effect of metronidazole and plaguadic extract on the

blood leukocyte both total and differential coumtmice.

4. Investigating the ability of aquatic extract d¢f. odoratissmum in
reducing the genotoxic effects produced by metrazode.
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Chapter Two: Literature Review

2.1: Metronidazole

Metronidazole (MTZ) was discovered in 1955 and wasnd to be
highly effective against several protozoan infagioln 1962 MTZ had
been used by clinicians as thwminstay of therapy ogfjiardia (Levi et al.,
1977; Tracy and Websterl996). MTZ initially approved by Food and
Drug Administration (FDA) in 1963 (Dobell990).

Metronidazole is a synthetic antibacterial and p@otozoal agent
that belongs to the nitroimidazole class (Figurd).2.lt is an effective
therapy against protozoa such dsichomonas vaginalis, amebiasis, and
giardiasis. In addition, it is one of the most effee drugs available
against anaerobic bacterial infections (Darb&inal., 1962; Dubreuilet al.,
1996).

Therapeutic concentrations of the drug are attaitf@@dughout most
body compartments after either oral or intraven@dministration (Stranz
and Bradleyi, 1981).

Metronidazole has shown minimal to no activity a&gai clinically
relevant facultative anaerobes or obligate aerolf@alph and Kirby,
1975).

2.1.1: Uses of Metronidazole

Metronidazole is indicated in the treatment of aixtrestinal
amebiasis, as well as acute intestinal amebiasigsech by Entamoeba
histolytica (Internet , 2005).
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Figure (2-1) Structure of Metronidazole (Ralph &mdy, 1975).

Metronidazole is also indicated in the treatment bafne, joint and
brain abscess infections caused Bwcteroides species, including theB.
fragilis group @. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B.
vulgatus) (Dobell,1990).

Another important infections treated by MTZ is that the central
nervous system (CNS) infections including menisgiind in the treatment
of endocarditis caused byacteroides species, including theB. fragilis
group (Kusumet al.,1980).

Also, this drug is wusually indicated in the treattneof intra-
abdominal infections, including peritonitis, in@a@#dominal abscess, and
liver abscess, also used in the treatment of fenmakvic infections, and
prophylaxis of preoperative infections during celcal surgery and in
treatment of lower respiratory tract infections s=ai by Bacteroides
species, including theB. fragilis group, Clostridium species, Eubacterium
species, Peptococcus species, andPeptostreptococcus species ( McEvoy,
1988 ; Rauws and Tytgat ,1990).
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Oral MTZ is used in the treatment of giardiasis ambadcterial

vaginosis caused byGardnerella vaginalis, Mobiluncus spp, mycoplasma
hominis and anaerobes Péptostreptococcus spp. and Bacteroides spp.)
caused by Giardia lamblia, MTZ was indicated in the treatment of
symptomatic and asymptomatic trichomoniasis, in esaland females,
caused byTrichomonas vaginalis, also MTZ was used in the treatment of
inflammatory bowel diseasgDurel et al., 1990; Mandell et al., 1990;
Weil, 1990).

However, MTZ resistance may occur, especially intigodés who
have been previously exposed to MTZ ( Borssgthal.,, 1989; Rauws and
Tytgat, 1990; Glupczynski et al., 1990; Ormand and Talley, 1990; Becx,
1990 ; Weil , 1990). Some studies indicated that resistance aleraiic
bacteria to MTZ is almost nonexist§McEvoy, 1988).

2.1.2: Mechanisms of Metronidazole Activity against Microbial

Agents

Metronidazole is amebicidal, bactericidal, and hoionicidal.
Unionized MTZ is readily taken up by anaerobic ongens and cells. Its
selectivity for anaerobic bacteria is a result dietability of these
organisms to reduce MTZ to its active form intradarly. The electron
transport proteins necessary for this reaction fanend only in anaerobic
bacteria. Reduced MTZ then disrupts DNA's helicatudure, thereby
inhibiting bacterial nucleic acid synthesis. Thisvertually results in
bacterial cell death (Townsomt al., 1994; Gillis and Wiseman, 1996;
Upcroft and Upcroft, 1998; Samuelson, 1999).

Metronidazole is also equally effective against idling and non-

dividing cells Because of its mechanism of action, low moleculaigim,
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and limited binding to serum proteins, MTZ is a W lethal

antimicrobial agent (McEvoy, 1988).
2.1.3: Distribution of Metronidazole

Metronidazole is distributed to saliva, bile, seatinfluid, breast
milk, bone, liver and liver abscesses, lungs, aadinal secretions; crosses
the placenta and blood-brain barrier (Laual., 1992; Tracy and Webster,
1996)

2.1.4: Pharmacokinetics of Metronidazole

Metronidazole is administered orally, intravenousigtravaginally, and
topically.It was found that both intravenously ardl MTZ are widely distributed
into most body tissues and fluids, the drug crosisesplacenta and enters breast
milk. Protein binding of MTZ is roughly 10%. . Bigailability of oral absorption
is at least 90%, food decreases the rate, butheoéxtent of absorption. Another
rout, which is intravaginally administered MTZ,absorbed systemically; but peak
serum concentrations after intravaginal adminiginatare < 2% of the levels
achieved with 500 mg oral doses (Kucetsal., 1997).

A significant amount of MTZ (30-60%) is metabolized the liver
by hydroxylation, oxidation, and glucuronide corgtign. The major
metabolite is 2-hydroxymethyl MTZ, which has somatilzacterial and
antiprotozoal activity (Scully, 1988).

2.1.5: Elimination of Metronidazole

Within 24 hours, approximately 20% of MTZ is exe®tin urine
and 3% in feces. After 5 days, the amount excretedhe urine increases
to 77% and that excreted in feces to 14%. Both anghd drug and
metabolites are excreted in the urine and the feGegiatric patients may

have a decreased urinary excretion of MTZ (R&S85).
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This medication is removed by hemodialysis, but Myt peritoneal

dialysis, and it can color the urine reddish-browlne to water-soluble
pigments formed during metabolism. The mean elittona half-life of
MTZ is roughly 8 hours (Tracy and Webst&996).

2.1.6: Interaction of Metronidazole with other Medicinal Products

Metronidazole may interact and make the followinglinical

problems: -

Potentiation of the anticoagulant effeahd increased hemorrhagic
risk caused by decreased hepatic catabolism. Iothitetention observed
by increased plasma lithium levels, accompanied eydence of possible
renal damage has been reported in patients treabtediltaneously with
lithium and MTZ. Patients should be advised nottake alcohol, (or drugs
containing alcohol) during MTZ therapy and for aeast 48 hours
afterwards because of a disulfiram-like (antabusdéfech reaction
(flushing, vomiting, tachycardia) (Townsehal., 1999.

2.1.7: Mutagenicity and Carcinogenicity of Metronicazole

Metronidazole has been shown to be carcinogenicaimumber of
studies in mice. Pulmonary tumorigenesis has begorted in six studies
malignant hepatic tumors have also been noticednale mice given very
high doses (approximately 500 mg/kg/day). Maligndgtnphomas have
been reported in one lifetime feeding study in mi@deard et al.,1988;
Internet , 2005).

It was found that Malignant liver tumors were iresed in male
mice treated at approximately 1500 mg/ml. This daseapproximately 3
times the recommended dose. While malignant lym@sorand pulmonary

neoplasms are also increased with lifetime feedoigthe drug to mice.
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Mammary and hepatic tumors were increased among aléemrats

administered oral MTZ compared to concurrent cdstr Heinonenet al.,
1977).

Many studies showed that MTZ is mutagenic in baateand
carcinogenic in mice and rats at high doses oveng loperiods.
Metronidazole has been shown to be carcinogenicraits whereas other
studies found that MTZ causes a statistically g$igant increase in the
incidence of various neoplasms, especially mammang hepatic tumors,
in female rats I{indmarkand Muller, 1976; Bost, 1977; Voogd, 1981;
Tracy and Webster, 1996).

In vitro assay systems was done including the Ames tesshtow
MTZ mutagenic activity while studies in mammais vivo had failed to
demonstrate a potential for genetic damage (Besirél., 1979 ;Goldman,
1980; Roe, 1985;Falagatal., 1998).

The single major drawback to the use of MTZ is utaety about
its carcinogenic potential in humans. MTZ was aagenic in animals
and mutagenicin vitro, but had not increased the incidence of cancer in

humans followed for relatively short periods (Stramd Bradley, 1981).

Other tumorigenicity studies in hamsters had beenwfopmed and
reported to be negative (Beaatchl., 1979).

2.1.8: Metronidazole and fetotoxicity

Fertility studies have been performed in mice atsedo up to sSix
times the maximum recommended human dose based gimlnand have

revealed no evidence of impaired fertility (Intern005).

Metronidazole crosses the placenta and enters #tal fcirculation

rapidly. Adequate and well-controlled studies innmfams have not been

9
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done. Meanwhile studies in rats, given doses oftaps times the human

dose, have not shown that MTZ causes impairedliferor birth defects in
the fetus (Goldman, 1980

Heinonen et al., 1977 found that intraperitoneally administered
MTZ to pregnant mice at approximately the humaneddsad been shown
to cause fetotoxicity, however a study of 50,00@heochild pairs,
demonstrated that first-trimester exposure to MTiZn 31 women showed a
possible association with malformations.

While Berget and Weber1972 found no evidence of congenital
abnormality; MTZ has not been shown to be carcinageor tumorigenic
in women who took MTZn pregnancy, with using the drug in the first

trimester

2.2: Pelargonium odoratissimum (L.) soland

Kingdom Plantae — Plants

Subkingdom Tracheobionta — Vascular plants

Superdivision Soermatophyta — Seed plants

Division Magnoliophyta — Flowering plants

Class Magnoliopsida — Dicotyledons

Subclass Rosidae

Order Geraniales

Family Geraniaceae — Geranium family

Genus Pelargonium — geranium

Species Pelargonium odoratisssimum (L.) soland - Rose
geranium

10
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(Watson and Dallwitz, 1992 )

There are around 300 species of pelargoniums comingm

different parts of the world (Becker and Brawné&r9a).

Some of the species are cultivated for the disitila of the volatile
oil, in France, Spain, Algiers, and the Island oéuRion. Several species
of Pelargonium yield a volatile oil by distillation.The oil is ¢dhined from
the leaves. Oil of Geranium is derived from thisdaallied species. The
constituents include esters of geraniol, citrorelémd linalool (Budavari,
1996; Balchin and Roth, 2000). The composition of the oil can vary
according to the source (Algerian, French, and Boany(Martin, 1987%.

P. odoratissmum also called Arabic odor to distinguish it from the
Italian odor (Saad and Abdul-Kady, 1988).

2.2.1: Plant Distribution

The majority of the plants species are native te Houthern part of
the African continent, for example the Republic &outh Africa and
Namibia. However, the distribution of the genus eexis further
North.Throughout the East African countries: Zimlvab Malawi,
Tanzania, Kenya, Ethiopia and extends to the Arabisubcontinent
Yemen, in East Turkey and Middle East Iraq, lrared&r and Brawner,
1996).

2.2.2: Plant Description

Rose Geraniums have palmate separated leaves, raodhcovered
with tiny hair. Leaves and stems have special odoe, stem is succulent,

and the medical parts are leaves and stem (Saafllahd-Kady, 1988).

11
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2.2.3: Cultural Notes

An easily grown plant, succeeding in a well-draineddinary good
soil (Bown, 1995). It requires a light well-drainateutral to alkaline soill
in a sunny position (Brickell, 1990). Plants ardetant to shade (Bown,
1995).

The plants need to be kept fairly dry in winter. &dhgrown in pots,
the plants require regular repotting in order tayswigorous (Phillips and
Rix, 1998).

Very tolerant to pruning, they can be cut right dow the base in
the autumn when bringing them back indoors, or ime tspring to
encourage lots of fresh growth. The plant is calied for its essential oil.
Oil of geranium is obtained by distillation from ethleaves of P.

odoratissimum (Bown, 1995).
2.2.4: Propagation Notes

Cuttings succeed at almost any time in the growsegson but early
summer is the best time in order for the new plantbecome established
before winter (Saad and Abdul-Kady, 1988).

2.2.5: Edible Uses

The leaves are crushed and used to flavour saladsps, fruit

dishes, jellies, sorbets, ice-cream, cakes an(B@an, 1995).
2.2.6: Medicinal Uses

The whole plant is an aromatic herb with astringemtoduces
contraction in living tissue, reducing the flow ekcretions and discharges
of blood, mucus, it brings steady improvement andtisaptic effects
preventing sepsis, decay or putrefaction, it dgstror arrests the growth

12
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of micro-organisms.It is used internally in theatreent of debility, gastro-

enteritis and hemorrhage. Externally, it is used tteat skin complaints,
injuries, neuralgia and throat infections. The g8ak oil is used in
aromatherapy. It is used in the treatment of bursastes and shingles
(Westwood, 1993).

2.2.7: Other Uses

An essential oil is obtained from the plant thatused in perfumery,
paint solvents and insect repellents. The growirgntp will repel flies,
especially if the leaves are touched occasionatly rélease their scent
(Bown, 1995).

2.3: Herbal — Drug Interaction

Herbal medicines include dietary supplements thantain herbs,
either singly or in mixtures. Also called botangalherbs are plants or

plant parts used for their therapeutic properties.

Since herbal medicines are classified as dietargplsments, there
are no Food and Drug Administration (FDA) regulao regarding
accuracy of active ingredients content or efficaapd safety of active
ingredients. Concurrent use of herbs may mimic, migg or oppose the
effect of drugs (Ernst and Pittler, 2002).

Herb-drug interactions can impact our health ané #ffectiveness

of our treatments. For example, some herbal thesapight:
Increase the side effects of drugs, possibly leatbrtoxicity

Decrease the therapeutic effect of drugs, posslebding to treatment

failure.

13
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Modify the action of drugs, possibly leading to xpected

complications

Enhance the therapeutic effect of drugs, possibbading to over

medication

Likewise, prescription and non-prescriptiatrugs can alter the way

human body reacts to herbal therapies (AdrieneQR00
2.3.1: The Mechanisms of Herb-Drug Interaction

Pharmacokinetic interactions involve changes in thay herbs and
drugs move through the body and can alter the atnamlevel, of drug(s)
in the body. If the interaction increases the lew€la drug, this might lead
to experience side effects and/or toxicity. If timteraction decreases the
level of a drug, it might not work as well, posgibleading to treatment

failure and/or drug resistance (Donavon and Zhiy20§4).

Herbs can affect the way in which drugs aesorbed, leading to
changes in the amount of drug that enters the BLloeaim. For example,
some herbs can change the physical environmenthef stomach, such as
the pH level, while others might chemically bind dougs, causing them to
remain in the stomach instead of entering the [dbedm (Horowitz,
2000).

In vivo studies with pre-clinical species are not predectiof the
human clinical situation. Althoughin vitro kinetic data also have
limitations when extrapolatingn vivo, in vitro testing has become more
common due to reduced cost and higher throughpubndgizon and
Zhiyang, 2004).

2.4: Mechanisms of Antimutagenicity
14
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Naturally occurring substasmae foods have been shown to serve as

dietary antimutagens. Therefore, many studies Hzeen expanded on natural
compounds which had the antimutagenic effect, whwbrk in different
mechanism to reduce the action of these mutagempaeounds, in contrast these
mutagenic compounds have a mechanism to convertdigctrophilic radicals
capable to reach into target site protein, RNA @A and made damage
(Newmark, 1987).

The mechanisms of antimutagenesi® been classified into two major

processes by Moritet al. 1978 one desmutagens and other bioantimutagens.

Antimutagens in the diet can be blpadassified into two groups, the
bioantimutagens and the desmutagens, the formagamt DNA and the latter not
affecting genetic material directly (Clarkend Shankel, 1975; Kuroda, 1999;
Samejimaet al., 1995).

Desmutagens encompass all agents that affect mmitage through
mechanisms other than DNA repair or replicationetiiy desmutagens may
function as chemical inactivaters, enzymatic indsicenutagen scavenging or
antioxidants; they create this effect without dilgaffecting the genetic material
(Ferguson, 1994). Garlic extract, onion and flaudaaexhibit activity against a
wide range of chemical mutagens by metabolic inatbn and increase
glutathione (Dorandt al.,1993). Chlorophyll inhibits the mutagenicity dfeoxin
B4, in vitro. Ascorbic acid (vitamin C) and E are antioxidantsgy reduce free
radicals produced by mutagenic compound. Vitamimdas the ability to form
complex with the mutagene ethylmetylsulfonate (BEMSreducing its effect
(Kuroda and Hara, 1990).

The bioantimutagens are naturally ogogrsubstances that reduce mutant
yield by acting on the DNA repair or replicativeopesses. These compounds act
after a DNA adduct has formed but before the DNg\de is fixed into a mutation
(Clarke and Shankel, 1975). Bioantimutagens rapynhibit the induction of

15
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strand-on-strand DNA repair, reducing replicatidmuutated stranddy) in cells

containing mutations, make the "proofreading” ipaie more like that seen in
normal cells; orc) accelerate the recombination strand-on-strandirepte, thus
reducing the number of mutated strands (Kuroda,0L98n example of a
bioantimutagen is vanillin, present in vanilla bgawhich appears to enhance post

replication recombination repair under certain ¢bods (Ohtaet al., 1988).
2.5: Cytogenetic Analysis

Cytogenetic assays have been wused since the eafg0s.
Cytogenetic analysis is a widely employed indicaticecystem for the
evaluation of physically, chemically and biologigalinduced mutations. It
allows for the objective evaluation of the genetmaterial damages and is
a method that permits direct image analysis for tmeomosome damage.
Cytogenetic analyses have been proved to be goat rehable for the
mutagen—carcinogen exposure and chromosomal abarra{Nakanishi
and Schneider, 1979; Gebhart, 1981).

2.5.1: Blastogenic Index

It is term used to describe the morphological cleanghat resulted
when small lymphocyte were transformed into lymgheb on exposure to

non specific mutagen or mitogen (Soren , 1973).

The theory that inherited characteristics are diags into three
types, one: transmittion from parent to offspringough germ plasm, two:
reproduction of an organism by budding, and thrdee transformation of
small lymphocytes into larger cells that is capalole undergoing mitosis
(Evanset al., 1967).

Phytohemagglutinin (PHA) is a mitogen used alonghwa minimal
essential medium or RPMI-1640 medium for initiatingge lymphocyte
culture in in-vitro. The PHA is known to stimulate the lymphocytes to

16
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undergo mitosis. PHA stimulate human lymphocyteés widely used to

detect chromosome-damaging agents, possible humapos@e to
mutagenic carcinogensnd the immune response of blood, the results are

affected by the number of cell divisions( Savéd,9).

After stimulation of blood lymphocytes with PHA theultures soon
contain cells that have divided different numbefstimmes( Morimoto and
Wolff, 1980). This heterogeneity has been explaingdriously as a
difference in cell-cycle timegCrossen and Morgan, 1979), or in the times
when the cells start blasto-genesis by respondiag PHA ( Younkin,
1975).

2.5.2: Mitotic Index (M)

Proliferating cells go though a regular cycle ofeets, the mitotic
cell cycle, in which the genetic material is dupted and divided equally
between two daughters. This is brought by the dapbn of each
chromosome from two closely adjacent sister chrawatwhich separate
from each other to become two daughter chromosomes.
Test along with other chromosome of each set, aem packaged in to two
genetically identical daughter nuclei. The moleculamechanisms
underlying the cell cycle are highly conserved il arganisms with in

nucleus eukaryotes (Eva , 2001).

Research has indicated that this assay is affebtedhe mutant and
carcinogenic material in which all of these materiaan cause decrease in

MI eitherin vivo orin vitro.

Mitotic index (MI) is determined as a ratio of niito cells to inter-
phase nuclei in 1000 cells ( Shubber and Al-AlE$86).

2.5.3: Chromosomal Aberrations (CAS)

17
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Chromosomes are the structures that hold our geGeses are the

individual instructions that tell our bodies how ftievelop and keep our
bodies running healthy ( Bechetral., 1983).

Living organisms may expose to different kinds dfe&s, which
may cause chromosomal abnormalities (or aberrgtion€As are
considered as a genetic damage of chromosomal lebskerved as an
alteration either in chromosome number or in chreonee structure
(Catherineet al.,1998).

The most important thing that the chromosomal s$tinec
abnormalities can be distinguished when the celinighe metaphase of the
mitosis (Evans, 1976)

Many agents induce visible chromosome damage atiber cells
undergo a round of DNA replication. However, dasthgcells may not
survive for more than one or two cell cycles aftdverrations have been
induced (Evans and Lioyd, 1978; Catherine et al., 1998).

The increasing variety of chemicals, radiation anther physical
agents we are expose to nowadays have stimulated ddvelopment of
many reliable assays for the detection of the nariegy or
carcinogenicity of such agents. One of these meathisd the chromosomal
aberration assay (Lambettal., 1978, Arditoet al., 1980).

The chromosomal studies are rapid, sensitarg] reproducible, and
yield quantitative measurement of brealksd gaps in  mitotic
chromosomes resulting from mutageneasis G, cells. The principle used
consists of scoring microscopicaligentifiable breaks and gaps in mitotic
chromosomes (Ishiind Watatani, 1983; Becher et al., 1983).

18
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Numerical and structural aberrations are importabbth in

congenital abnormalities and tumors (Preston, 1987)

Therefore every one should have 46 chromosomesomatsc cell of
their body. If a chromosome or piece of a chromasomm missing or
duplicated, there are missing or extra genes réspBc When a person
has missing or extra information (genes) problenas aevelop for that
individual's health and development (Ishii and Wié&atig 1983)

Structural aberrations of chromosomes are commonnature and
have apparently played a significant role in evolut They occur
spontaneously, but the frequency is increased hyizilgg radiation and

chemical mutagens (Evans and Oriordan, 1977; IAFS1).

Most chemical mutagens and non-ionizing mutageradiations are
unable to cause double-strand breaks in DNA andnaitly in the single-
strand DNA synthesis phase of the cell cycle. Sagents produce mainly
chromatid-type aberrations (OECD, 1997).

The types of chromosomal aberrations which haven bebserved

are:

1-Chromatid-type aberration is structural chromosome damage expressed
as breakage of single chromatids or breakage anghiore between

chromatids.

2-Chromosome-type  aberration is  structural chromosome damage
expressed as breakage, or breakage and reuniobptbf chromatids at an

identical site.

3-Gap is a chromatic lesion smaller than the width of asteomatid, and

with minimum misalignment of the chromatids.

19
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4-deletions - loss of segment, a chromosomes deletion is wheyara of a

chromosome(s) has been deleted. A deletion can rocon any
chromosome, at any band, and can be any size (largemall). What a
deletion causes depends on how big a piece is ngissnd what genes are

missing in the section.

5- Ring chromosome could happen in two ways. First the end of theng a
g arm breaks off and then stick to each other tesulin loss of

information. Second, the ends of the p and q aritk siogether (fusion),
usually without loss of material (Tamarin, 1996)owéver the ring can
cause problems when the cell divides and can causblems for the
individual. It is also possible to have a ring abe apparently healthy with
no delays in development. As with all chromosomenoaimalities it

depends on what is actually found, the size of ring, how much material

was lost, which chromosomes are involved (Intey2€04).

6- Acentric fragment when centromere is lost, an acrocenthooraosome
iIs created which is usually lost during meiosis aftie of cell or loss of
fertility) (Obe and Natarajan, 2004).

2.5.4: Sister Chromatid Exchanges (SCE)

Sister chromatid exchange (SCE) is the process evher the two
sister chromatids break and rejoin with one anoth@rysically switching
positions on the chromosome. Because the exchangesur with
tremendous precision with respect to the DNA segeemand the sister
chromatids are genetically identical, no informaties altered during the
exchange. Such exchanges are natural events dwefigreplication with
each cell typically undergoing three to four SCHsrimg each replication
cycle (Hasgafvel, 1987;Shubber et al., 1991).

20



Chapter Two Literature Review
Sister chromatid exchange is useful for geneticicilggy studies as

chemicals material that cause mutations, the resdlen increased the
frequency of SCEs (Shubbeiral., 1991).

Attention has been devoted to the frequency of ,SGE was
reported to be significantly higher in lymphocyte$ patients with Bloom
syndromes (Chagantet al., 1974), acute lymphoblastic leukemia (Otteir
al., 1979), chronic myeloid leukemia (Shirishi and &&dj, 1980) and in
patient with schistosomiasis (Shubber, 1987; Shubber et al., 1991; Juma et
al.,1999).

During the S-phase of the cell cycleNAD is replicated and each
chromosome is present in a duplicated state wite tiwo genetically
identical chromatids joined together at the centmn These two sister
chromatids are readily apparent in late prophaseearly metaphase of

mitosis (Keshava and Ong, 1999).

SCE frequency was a more sensitive marker of motge than the
chromosomal abnormalities, although they occur rakgposure to many
genotoxic agents or various diseases and are bdligo indicate DNA
damage, it could be visualized by growing cells @ medium, which
contains the DNA base analog bromodeoxyuridine (BUdBUdR closely
resembles thymidine, and gets incorporated into ghewing DNA strand
during replication. During replication of DNA theU8R was taken up into
the newly synthesized strand, with the templatansts remaining free of
BUdR. During a second round of growth in BUdR maeadliuthe two sister
chromatids differ in the amount of BUdR presentt(L&974).

The sister chromatid which has the original tenglatrand of DNA
has one strand of normal DNA and one which contaBiddR. With
chemical and ultraviolet light treatment, the twistey chromatids can be
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distinguished from each other. SCEs can then batifteel by differences

in staining patterns. Many people are occupatipnexposed to various
biohazardous agents, organic and inorganic chesiicdhese hazardous
agents typically are wused as raw materials or artermediate

manufacturing processes (Keshava and Ong , 1999).

Damage to genetic material can be cytologically eobsd as

chromosome aberration, micronuclei or SCE (Zhetrad., 1991)
2.6: The Cell cycle

The phases through which a cell passes as it divitlee cell cycle
consists of four well characterized stages (phd3asphg the first stage
known as the G1 phase , the cell increase in siad prepares to
duplication its DNA which will occur in the secomstage known as the S
phase. During the S phase, the cellular DNA was liceted and a
complete copy of the chromosome complement was mate cell then
enters the third stage termed the G2 phase duringhwthe cells prepared
itself for division, the cell divides when it endethe fourth and final stage
termed the M phase, during M phase cell dividedptoduce two daughter
cells each with complete set of chromosomes, eaahglder cell then
usually enters the first stage G1 and the cyclecatgnl therefore (Alan and
Robert, 1997;Prosperi,1997), as shown in figure (2.2).
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Figure (2.2): Cell cycle (Alan and Robert, 1997).
2.6.1: Cell Cycle Progression (CCP)

Cell cycle progression is the ability of cells teplicate for three cell
division M1, M2 and M3.Cell cycle progression isedsas an assay to
know the ability of chemical and physical material reduction cell
replication kinetics and it is measured by decrepdihe percentage of M3
and increasing the percentage of M1 (Tiee al.,1976; Lamberti et
al.,1983).The CCP consists of three types of division:-

1- First cell division

These groups of cells have no incorporated BUdRinorsingle DNA
strand during S phase. The chromosomes of this eplais appear bright
under the light microscope (Latt, 1973).

2- Second cell division

This group have the ability to corporate BUdRridg two S phases and
display a typical differential staining of sistehromatids one dull and one
bright.
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3-Third cell division

These cells corporated BUdR during three S phases tley
contained BUdR-substituted DNA in both sister chatids, half number
of the chromosomes will express differential stavhile the other half will
loss the brightness because of BUdR (Lambettial.,1983; Shubber and
AL-Allak, 1986).

2.6.2: Replicative Index (RI)

Cell cycle progression (CCP) may be defined usingasameter that
considers, at the same time, the number of M1, M2Z #M3 metaphase

cells.

Many indicators were considered, but the most blatavas the RI.
This index is formulated using the following eqoati

RI= (1xM1%) + (2xM2%) + (3xM3%)/100
(Lambertiet al., 1983).
2.7: Hormesis

The word "hormesis" is derived from the Greek walidormaein®
which means "to excite". It has long been knownt tmany popular
substances such as alcohol and caffeine have ntikdulating effects in
low doses but are detrimental or even lethal inhhdpses. In the early
1940s it was found that despite the fact that hagimcentrations of Oak
bark extract inhibited fungi growth, low doses difist agent stimulated
fungi growth. They modified starling's word "horn&nto "hormesis" to
describe stimulation induced by low doses of agemtsch are harmful or
even lethal at high doses (Calabrese and Baldw8)19
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Generally, hormesis are any stimulatory or benaffi@ffect, induced

by low doses of an agent that can not be preditiedhe extrapolation of
detrimental or lethal effects induced by high dosafs the same agent
(Edward and Linda , 1998).

Whether small doses of toxins are beneficial amtful seems to depend
on what the substances are, how small the dosesvai diseases are being
studied and who's exposed to them (Feinendeetggdn 1987).

The idea behind hormesis is that parts afidmucells change when challenged
with small doses of toxins. These changes oftenentia& cell stronger at first, but
larger doses can still damage it. It is similarth@ immunity-building effects

produced by small and weakened doses of virusesins@accines (Lucky,1982).

The concept of hormesis is now being useehhance cognitive function in
patients with neurodegradative diseases such abkeier's disease , boost
immune function to prevent diseases in people andommercial fisheries and
avoid harmful tumor-promoting effects of anti-candeugs (Edward and Linda ,
1998).

The following theories may explain the mechanism lbrmetic

phenomena:-
1-DNA Repair (Molecular Level)

According to this theory, low doses of chemical ftahces induce the
production of special proteins that are involvedMA repair processes (Ikushima
et al., 1996).

2-Free Radical Detoxification (Molecular Level)

In 1987 Feinendengen and his co-workers indicated tow doses of
lonizing radiation or chemical substances causengorary inhibition in DNA

synthesis. This temporary inhibition of DNA syntisegvould provide a longer
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time for infected cells to recover. This inhibitiaiso may induce the production of

free radical scavengers, so infected cells wouldnoee resistant to any further

exposures.
3-Stimulation of Immune System (Cellular Level)

Despite the fact that high doses of chemical sumlossor ionizing radiation
are immunosuppressive, many studies have indi¢httdow doses chemical may
stimulate the function of the immune system. In@,9Russ first showed that mice

treated with low-level radiation were more resistgainst bacterial disease.

The example of hormesis was the survivors of thalbblast in Japan had

lived a little longer and healthier they were, thigs at low levels (Luckey, 1982).

26



Chapter Three

Mat eri al s and Met hods

Chapter Three: Materials and Methods

3.1. Materials:

3.1.1. Equipments and Apparatus

The following equipments and apparatus were uséuaisrstudy:

No. Apparatus Company

1. Autoclave Gallenkamp(England)
2. Centrifuge Gallenkamp(England)
3. Water path Gallenkamp(England)
4. Cooling incubator Gallenkamp(England)
5. Electric balance Metler (Switzerland)
6. Electric oven Gallenkamp(England)
7. Micropipette Gelson(France)

8. Microscope Olympus(Japan)

9. pH-Meter Orien Research (USA)
10. U.V. light lamp CAMAGLL,1987

11. Laminar air flow Metalab (France)

12. Reflex Buchi (Switzerland)
13. Electric shaker Merk(Germany)

14. Rotary evaporator Buchi (Switzerland)
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Mat eri al s and Met hods

The following chemical materials were used in #tigdy and their origin:

No. Material Company
1. phytohaemoaglutinine Radiobiology center of The Ministry |
Science and Technology(lraq)

2. Anhydrous sodium BDH(England)

3. Methanol Fluka(Switzerland)

4. Glacial acetic acid Fluka(Switzerland)

5. Hydrochloric acid (HCI) BDH(England)

6. Potassium chloride(KCl) Fluka(Switzerland)

7. Heparin Denemarca

8. RPMI(1640) Flow laboratories —V.K.

9. Hepes Sigma chemical company(USA)

10. Sodium bicarborate(Caffl || Sigma chemical company(USA)

11. Antibiotics(penicilline, Samara drug factory(lraq)
Streptomycin)

12. Giemsa stain Fisher(German)

13. Colchicin Houde(France),lbn-Hayan (Syria)

14. 5-Bromodeoxyuridine BDH(England)

15. Fetal calf serum Sigma chemical company(USA)

16. NacCl Sigma chemical company(USA)

17. NaHPO, Sigma chemical company(USA)

18. KH,POy Sigma chemical company(USA)

19. Hoechst BDH(England)

20. Metronidazole Samara drug factory(lraq)
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3.2. Solutions Preparation:

1. Colchicine: two colchicine products were used in this study.
a. Colchicine (Ibn Hayan / Syrian)

This colchicine was prepared by dissolving oneetabl5 mg of colchicine
in 0.5 ml of PBS to be used for mouse injectionctEanimal was injected

intraperitoneally (IP) with 0.25 ml of this solutio
b. Colchicine (Houde/France)

This colchicine was prepared by dissolving oneetiabl5 mg of colchicine
in 10 ml of D.W. (sterile) to make a stock solatid his solution was stored at -20

°C until used for human blood culture (Al-Kayat989.
2. Phosphate Buffer Saline (PBS)

The solution was prepared by dissolving of theolwlhg chemical in 1000
ml of D.W. and the pH was adjusted to 7.2 ,thdsmaracals are:-

Sodium chloride (NaCl) 8gm
Potassium chloride (KCI) 0.2 gm
Sodium phoshate hydrate (R 0Oy) 1.15gm
Potassium phosphate dehydrate (RB)) 0.2gm

This solution was sterilized by autoclaving andrestioat 4°C (Allenet al.,
1976).

3. Potassium Chloride (KCI) (Hypotonic Solution):

The hypotonic solution was prepared by dissolvirigp5gm of KCI in one
liter D.W. to get 0.075 M concentration of KCI. Tkelution was sterilized by
autoclaving and stored at 4°C (Allenal., 1976).

4. Fixative Solution:

This solution was freshly prepared by mixing 3 past absolute methanol

with 1 part of glacial acetic acid and then kept’& until use (Alleret al., 1976).
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5. Giemsa Stain:

Giemsa stock solution was prepared by dissolving @fjgiemsa powder in
33 ml of glycerol in water bath at 60°C for 2 howish continuous shaking, then
left for 30 min. at room temperature, then addn@i6of absolute methanol with
continuous shaking; the stain solution was thdaréd though out filter paper and

stored at room temperature in dark bottles.

The stain was diluted from the stock in ratio ghllof giemsa stock solution
in 1.25 absolute methanol and 0.5 ml of sodium rbimaate and 40 ml of D.W.
(Shubbet al., 1991).

6. Sodium Bicarbonate Solution:

This solution was prepared by dissolving 4.4 gniNdHCGQO;) in 100ml of
sterile D.W. this solution kept at 4°C until usédi¢n et al., 1976).

7. RPMI 1640 Medium:

This medium contained the following components :-

RPMI 1640 medium base 10 gm
Fetal calf serum (heat inactivated) 15%
Hepes 1%
Sodium bicarbonate 1%
Penicillin 100 lu/ml
Streptomycin 100 pg/mi
BUdR 15pug/mi

The volume was completed with sterile D.W. to 10010 and the pH was
fixed to 7.2 and sterilized by filtration using QiBm size filter under aseptic
conditions, after that 2 ml of the medium was tfamed into sterile test tubes and
kept at 4°C until used (Shubbetral., 1991).
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8. Bromodeoxyuridine (BUdR):

This solution was prepared by dissolving 50 mg dfr&mo-deoxyuridine
powder in 37.5 ml of D.W.The solution was steritiZey filtration, distributed in
sterile tubes with final concentration 1.33 mg/mbastored at -20°C until used
(Shubbeset al., 1991).

9. Hoechst (33258) Stain:

This fluorescent stain was prepared by dissolvin@g2® gm in 100 ml
phosphate buffer saline (stock), and 2 ml (stolc&h was taken and added to 100
ml of D.W. (Shubbeet al., 1991).

10. Antibiotic Preparation:

Streptomycin was prepared by dissolving 1 g ofemtmycin in 100ml
D.W. Ampicillin was prepare by dissolving 10000006ita /100 ml D.W., both
antibiotic were sterilize by filtration under aseptonditions (Allenet al., 1976).

11. Normal Saline:
It was prepared by dissolving 8.5 gm of NacCl intérlof D.W.
12. Leukocyte Diluent's Solution (Catalano, 2002):

Two ml of glacial acetic acid was added®8 ml distilled water and few

drops of methylen blue was added as a color detdaipt at 4°C until used.
13. Sourensens Buffer:

Prepared by dissolving 9.47 gm of RO, and 9.08 gm KEPQ, in 100
ml of D.W. pH was fixed to 6.8, kept at 4°C untilad (Allenet al., 1976).

3.3. Laboratory Animals:

Seventy Albino Swiss mice belong to the strainMis musculus were
received from Biotechnology Research Center (Aldidath University) with
weight 25-30 grams. Their age ranged between (8aE2ks. They were divided
into (12) groups, each group includes 4 mice thaewput in separated plastic cage
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and those cages were kept in normal condition 2&2%om temperature. All

those animals were fed with suitable quantity aodlity of complete diet and

water, which include the locally prepared feediranf the following materials:

Product Percentage %
Crushed barley 24.50
Crushed wheat 30.00
Crushed yellow corn 22.50

Soya bean 15.20
Sodium chloride NaCl 0.45

Calce stone 0.20

Animal protein 7.15

3.4:Preparation of Metronidazole:

Metronidazole was obtained from (Samara Drug Ingusbmpany) at
concentration of 500mg/tablet, one tablet of mattarole was dissolved in 5 ml
of sterile PBS to make a stock solution (100mg/rah¢d from this solution we
made the doses of 1, 100, 200 or 400mg/kg (Legstal., 1975) to be used in

mouse studies as shown in the figure (3.1).

While in human blood culture studies, one tabletneétronidazole was
dissolved in 100ml of sterile D.W. to make a stschution (5mg/ml). Different
concentrations (2.5, 5, 10, 20, 40 or 80ug/ml) werepared from this stock
solution, and then sterilized by filtration and kep4°C until being used as shown
in figure (3.2).
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Oral Administration of
MTZ

1mg / Kg 100 mg / Kg 200 mg / Kg 400 mg / Kg

Fig (3.1): Oral administration of Metronidazole in mice.

Concentrations of MTZ

2.5 5 10 20 40
ug/mi ug/ml ug/mi ug/mi ug/mi

80
ug/mi

Fig (3.2): Concentrations of MTZ in human blood lynphocyte culture (in

vitro).
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3.5: Collection ofP. odoratisssmum (L.)soland:

The plant was collected from a local garden in Kladisya in November,
and identified by Dr. Ali Al- Mousawy Herbarium dhe College of Science,
Department of Biology in Baghdad University .Thaves were air dried at room

temperature and grieved into powder form (Figu8).3.

Figure (3.3): Pelargonium odoratissmum (L.) soland (Taken by the author).
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3.6. Plant Extraction:

Water extraction:

The powdered leaves were macerated with D.W.i ratb(w/v) (50 g of
the power was mixed with 250 ml distilled waterpeh extracted in the reflex for

3 hours, filtrated and placed in the rotary evafmrrantil it became dry.
3.7. Preparation ofP. odoratissmum:

Two grams of dried plant extract were taken andai®d in 10 ml of sterile
PBS to make a stock solution (200mg/ml), and frbim $olution different doses of
100, 200, 400 or 800mg/kg were prepared to be usetbuse studies as shown in
figure (3.4).

While in human blood culture studies, 0.5 gm ohplkaxtract was dissolved
in 10 ml to make a stock solution (50mg/ml). Dif#fat concentrations 5, 10, 20,
40 ,80 or 100ug/ml were prepared from this stodktem, and then sterilized by
filtration and kept at 4°C until being used as shomwfigure (3.5).

Oral Administration
of plant
Aqueous Extracts

100 200 400 800
mg / Kg mg / Kg mg / Kg mg / Kg

Fig (3.4): Oral administration of plant aqueous extact.

35



Chapter Three Mat eri al s and Met hods

Concentrations of Plant
Extract

5 10 20 40 80 100
ug/mi ug/mi ug/mi ug/ml ug/mi ug/ml

Fig (3.5): Concentrations of plant aqueous extractsin human blood

lymphocyte culture (in vitro).

3.8. Chemical study of Plant Active Compounds:-
3.8.1 Preparation of Reagents:-
1. Mayer's Reagent:
This reagent was prepared from the following sois:

Solution (A) prepared by dissolving 1.58 g of meicchloride (HgC)) in
60 ml of D.W. while solution (B) was prepared bgsblving 5g of KI in 10 ml of
water , solutions A and B were mixed and the volumas completed to 1000 ml
by D.W. ( Smolensket al.,1972).

2. Fehling Reagent

This reagent was prepared from the following sohsi
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Solution (A) was prepared by dissolving 35 g ofeigulfate (CuS0O4) in 100 mi

of D.W. and then diluted with 500 ml D.W., whilelstoon (B) was prepared by
dissolving 7 g of sodium hydroxide (NaOH) and 1{Bgchelle’s salt) in 100 ml
of D.W. and the volume completed to 500 ml with D,.¥®gual volumes of A and
B were mixed(Shihata, 1951).

3. Ferric Chloride (FeCl, )Solution (Shihata, 1951)
This solution was prepared by dissolving 1 g of IRa@ 100 ml of D.W.
3.8.2 Detection of Some Active Plant Components:

This study included detection of some active congmbn alkaloids,

flavinoids, tannins, saponins and glycoside.
1. Detection of Tannins:

This was done according to the method destripe Shihata (1951). Five
grams of the plant extract were mixed with 25mUdddtilled water in a magnetic
stirrer; the mixture was boiled in a water bathddiew minutes, and then filtered,
and the filtrate was treated with few drops of 1%dead acetate solution. The
development of greenish-blue precipitate was ancatdn of the presence of

tannins.
2. Detection of Saponins:

This was done according to the method desdrdy Stahl (1969).
Saponins were detected by two methods:
a - Aqueous extract of the. odoratissmum was shaken vigorously with distilled
water in a test tube. The formation of foam stagdior a time indicated the
presence of saponins.
b-Five milliliters of aqueous extracts of tRe odoratissmumwere added to 3ml
of 3% ferric chloride solution, a white precipitateveloped which represented
an indication of the presence of saponins.
c- Haemolytic test was done according to Cheel®/X), two test tubes in each

one 5ml of 10% solution of blood in normal salinad 5ml of normal saline
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solution were added and to the other 5ml of aqueatract of plant was added to

one test tube, both tubes were shaked gently
3. Detection of Glycosides:
a.Non Hydrolysed Extracts:

Equal amounts of the aqueaous extract ofptAet was mixed with fehling
reagent in a test tube, then boiled in a water b&tlii0 minutes. Red precipitate

was formed, this was an indication of the pres@earfaylycosides (Shihata, 1951).
b. Hydrolysed Extract:

Few drops of diluted HCI was added to 5afthe aqueous extract of the
plant , then left in a boiling water bath for 20nuies, the acidity was neutralize by
NaOH solution, equal volume of Fehling reagent wdded .The development of

red precipitate was an indication for theylycon part of the glycoside(Shihata,
1951).

4. Detection of Flavanoids:

Ethanolic extract of the plant was partitioned wgbtroleum ether ; the
aqueous layer was mixed with the ammonia solufitve. appearance of dark color

was an evidence for the presence of flavonoidsigtae, 1973).
5. Detection of Alkaloids:

Ten grams of plant powder was boiled in 50 ml o¥WDthen cooled and
filtrated. The supernatant was placed into clocksgland mixed with mayer
reagent. The appearance of white precipitate itelicéhe presence of alkaloids
(fahmy, 1951).
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3.9. Administration of Laboratory Animals:-

3.9.1. Metronidazole

The animals in this experiment were treated witmualative doses of
metronidazole in a short time. The main aim of #¥periment was to evaluate the
acute treatment effect of MTZ by applying cytog@manalysis and examining the
inhibition in mitotic activity and the induction odhromosomal aberrations in
normal bone marrow cells. Also to examine the tatadl differential count of
leukocytes in normal mouse blood. It also aimedsétect the most suitable
administration duration of metronidazole treatmghich is harmful to be used in

the next experiments.

Metronidazole doses were chosen according to (begatal., 1975).

Five groups of mice were used in this experimedttagated as follows:
Group I: Negative control (4 mice), treated withl(énl) PBS.
Group Il: MTZ treatment (4 mice), treated withl(@nl) of MTZ (1 mg/kg)
Group lll: MTZ treatment (4 mice) , treated w{thl ml) of MTZ (100 mg/kg)
Group IV: MTZ treatment (4 mice) , treated withl ml) of MTZ (200 mg/kg)
Group V: MTZ treatment (4mice), treated with (l) of MTZ (400 mg/kg)

The MTZ was given orally for 4 successive daysmagure (3.1), then the
mice were sacrificed after one day. Bone marrow lalodd samples were taken
and cytogenetic analyses and blood count wereechout as described later see
(3.11.1) and (3.13).

3.9.2P. odoratissum :Aqueous Extract

Evaluation of the effects ¢f. odoratissimum agueous extracts was carried
on by applying cytogenetic analysis , examining theotic activity and the
chromosomal aberrations in normal bone marrow esiésnination of the total and

differential count of leukocytes in normal mousedu cells. The most suitable
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concentration oP. odoratissimum aqueous extract was selected which is useful to

be used in the treatment of animals.
Five groups of mice were used for this experimeict aeated as follows:
Group I: Negative control (4 mice) were treatechwd.1 ml) PBS.

Group II: Treated (4 mice) witl. odoratissmum aqueous extract, (0.1 ml) of

plant extract (100mg/kg)

Group IlI: Treated (4 mice) with agueous extra€t,l] ml plant extract (200
mg/kQg)

Group IV: Treated (4 mice) with aqueous extragt] (ml) plant aqueous extracted
(400 mg/kg)

Group V Treated (4 mice) with aqueous extract, (@ljLof plant aqueous extract
(800 mg/kg).

P. odoratissimum aqueous extract was given orally for 4 successays as
shown in figure (3.4), and then the mice were §iaed after one day. Bone
marrow and blood samples were taken and cytogearatyses and blood count

were carried out as described later see (3.11d [&a3).

3.9.3 The Interaction Study Between Metronidazole rad Plant Aqueous

Extract in Mice (In vivo).
3.9.3.1: Pre-Drug Treatment with Plant AQueous Extact:

This group of (10) mice was divided into four stdagps as in figure (3.6),

as follow:
Group I: negative control (2 mice), treated wittil(thl) PBS for eight days.

Group Il positive control (2 mice), treated with.X ml) of MTZ (400mg/kg) for

four successive days.

Group IlI: Treated with (0.1 ml) dP. odoratiss mum aqueous extract (100mg/kg)

for four successive days (2 mice).
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Drug Plant aqueous extract
A A
4 N 7 A
0 4 days 8 days
(A)
Plant aqueous extract Drug
AN AN
4 N A
0 4 days 8 days
(B)

Plant aqueous extract + Drug

A

L 4
*

0 (©) 4 Days

Figure (3.6) :The Interactions between MTZ andP. odoratissmum aqueous
extract in mice (In vivo),(A) Post-treatment,(B)Pre-treatment and (C)

Simultaneous treatment.
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Group 1V: Pre-treatment group (4 mice) Treated widliL ml) of plant extract

(100mg/kg) for four successive days, then treatath 0.1 ml) of MTZ
(400mg/kg) after four successive days as in figaré).

3.9.3.2 Post-Drug Treatment with Plant Aqueous Ex#ict:
This group of (10) mice was divided into four stdagps, as follow:
Group I: negative control (2 mice), treated wittil(tnl) PBS.

Group IlI: positive control (2 mice), treated with.X ml) of MTZ 400mg/kg for

four successive days.

Group llI: Treated with (0.1 ml) of plant aqueoudract (100 mg/kg) for four

successive days (2 mice).

Group IV: Post-treatment group (4 mice), treateth®.1 ml) of MTZ 400mg/kg
for four successive days with (0.1 ml), then trdateth (0.1 ml) of plant extract

(100mg/kg) for four successive days as in the &éq@c6).

3.9.3.3: Simultaneous Treatment with Plant AqueouExtract and Drug:
This group of (10) mice was divided into four stdagps, as follow:

Group I: negative control (2mice), treated withl(thl) PBS.

Group Il positive control (2 mice), treated with.X ml) of MTZ (400mg/kg) for

four successive days.

Group llI: Treated with (0.1 ml) of plant extradtO0 mg/kg) for four successive
days (2 mice).

Group IV: Simultaneous treatment group (4 micegatied with (0.1 ml) of
metronidazole (400mg/kg) and of plant extract @Q(Ing/kg). The drug and plant
aqueous extract were mixed together and incubat@¥=C) for three hours before
giving orally to the mice, the tests were carried for four successive days as in
the figure (3.6).
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3.10: Human Blood Lymphocyte Culture (n vitro):

The blood samples were collected randofmdyn the students of AL-
Nahrain University. There age ranged between 20e28s, 5 ml were collected in
hyperinized syringe. Ten different samples of hunidomod lymphocyte were
collected for MTZ to examine the six different centrations as shown in figure
(3.2), to select the most harmful concentratior ,doe negative control 0.2 ml of
PBS was added .

For plant extract five different sample hmman blood lymphocyte we
collected to examine the six different concentrati@s shown in figure (3.5), to
select the lowest side effects to be used, andégative control 0.2 ml of PBS

was added .

3.10.1 The Interaction between MTZ andP. odoratissiumn Aqueous Extract in

Human Blood Lymphocyte Culture (In vitro).
In this study, five different blood samples weredis

Group 1: negative control (normal media), cultur@wman blood lymphocyte was

initiatedin vitro under optimum conditions; 0.2ml of PBS was added.

Group 2: positive control (MTZ) at concentration8efug/ml 0.2 ml was added to

the human blood culture for 72 hr.

Group 3: plant extract at concentration of 10pgamél 0.2 ml was added to the

human blood culture for 72 hr.

Group 4: Post —drug treatment: after normal culgiof human blood cells, MTZ
(80ug /ml) was added to the culture after 48 hie Tibes taken and centrifuged
for 10 min. at 1500 rpm. The supernatant was dieghiand normal media and
plant extract (10 pug /ml) were added for other &4irk, i.e. the culture period

would be 72 hr. as shown in figure (3.7).

Group 5: Pre —drug treatment: after culturing ofmma human blood, plant
aqueous extract (10 ug/ml) was added to the cufre&l8 hr. The tubes were

centrifuged for 10 minutes at 1500 rpm and the msgiant was discarded and
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normal media and MTZ (80ug/ml) were added for thst 24 hours of culture

periods as shown in figure (3.7).

Group 6: Simultaneous treatment: after normal cugu of human blood
lymphocytes, a mixture of plant extract and MTZ evadded to the culture for 72

hr. as shown in figure (3.7)

Group 7: After normal culturing of human blood, mlaextract 0.2 ml at a
concentration (10pg/ml) added to the culture afi8rhr. The solutions were
centrifuged then the supernatant was discardedalydnormal media was added

as shown in fig. (3.8).

Group 8: After normal culturing of human blood, M02 ml at concentration
(80pg/ml)was added then after 48 hr.The tube wenérifuged the supernatant

was discarded and only normal media was addedfas (8.8).
3.11: Cytogenetic Experiments

3.11.1 Chromosomal Preparation from Somatic Cells fothe Mouse Bone

Marrow (i n vivo):
The experiment was done according to Akeal. (1976) as follows:

1. The animal was injected with 0.25 ml of colch&iwith concentration of

0.25mg/ml intraperitoneally (IP) 2hr. before sacnfg the animal.
2. The animal was sacrificed by cervical disloagatio

3. Then it was fixed on its dorsal side on the amgtplate and the abdominal side

of the animal and its thigh region were swabbedt ii1% ethanol.

4. The femur bone was taken and cleaned from tier dissues and mussels, then
gapped from the middle with a forceps in a vertmadition over the edge of a
test tube, by a sterile syringe, (5ml) of PBS wajected so as to wash and

drop the bone marrow in the test tube.
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Plant aqueous extract Drug
A A
- N A
0 48 hour: 72 hour:
(A)
Drug Plant aqueous extract
AN A
r N A
0 48 hour. 72 hour:
(B)

Plant aqueous extract + Drug
e

L 4
*

0 72 hour:

(C)

Figure (3.7): Study the interaction between MTZ andP. odoratissimum
aqueous extract in human blood lymphocyte culturei( vitro), (A) Pre-

treatment, (B) Post-treatment and (C) Simultaneousreatment.
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Plant aqueous extract Normal media
A A
r N A
0 48 hour: 72 hour:
(A)
Drug Normal media
AN A
r N [ A
0 48 hour: 72 hour.
(B)

Figure(3.8): Study the normal culturing of MTZ and P. odoratissimum

aqueous extract in human blood lymphocyte culturei( vitro)for 48 hours. (A)

normal culturing of drug and (B) normal Culturing o f plant agueous

extract.
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5. The test tubes were taken and put in the cagtifit speed of 2000 rpm for 10

min.
6. The supernatant was removed and (5ml) of patasshloride (KCI) was added

as a hypotonic solution at (0.075M), then the tielseés were left for 30 min in

a water bath at 37°C, and shaked from time to.time
7. The tubes were centrifuged at 2000 rpm for 1®. mi

8. After that, the supernatant was removed andixhéve solution was added (as
drops) on the inside wall of the test tube withtowrous shaking, the volume

was fixed to (5ml) and the contents were shaked wel
9. The tubes were kept at 4°C for 30 min to fix ¢leés.

10. The tubes were centrifuged at 2000 rpm for ¥ m

The process was repeated for 3 times and thewelis suspended in (2ml)
of the fixative solution.
11- By a pasture pipette, few drops from the tuleeewdropped vertically on the
chilled slide from a height of 3 feet at a rate(#4%) drops to give the chance for
the chromosomes to spread well. Later, the slidesevkept to dry at room
temperature..
12- The slides were stained with Giemsa stain afidfor (15 min),and then
washed with D.W.

13-Two slides for each animal were prepared foogghetic assays.
3.11.2: Cytogenetic Analysis of Human Blood Lymphaogdes (Shubber, 1987)
1. Human blood was collected into heparin coayethge.

2. Peripheral bloods( 0.25 ml )was added into tigs¢ containing 2 ml of culture
medium (RPMI-1640).

3. PHA (0.25 ml )was added, the components wexedwery well.

4. A portion of 0.2 mg/ml of colchicine was addedeach tube, 2hr. before cell

harvesting.
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5. The test tube ontents were centrifuged at spééd rpm for 10 min.

6. The supernatant was removed, and 5 ml of potasshloride (KCIl) added as
hypotonic solution at (0.075 M), then the test tilaere left for 30 min in the

incubator at 37°C, and shaked from time to time.
7. The tubes were centrifuged at 2000rpm for 10. min

8. After that, the supernatant was removed andixhéve solution was added as
drops on the interior wall of the test tube witmttouous shaking and then, the

volume was fixed to 5 ml and the contents were stakell.
9. The tubes were kept at 4°c for 30 min to fix ¢tleds.

10. The tubes were transferred in to the centrifag2000 rpm for 10 min. The
process was repeated for 3 times, the cells wereshspended in (2 ml) of the

fixative solution.

11. By a pasture pipette, few drops from the tuleeewdropped vertically on the
chilled slide from a height of 3 feet at a rateg(44) drops to give the chance for
the chromosomes to spread well .The slides weretkejry at room temperature..

12. The slides were stained with giemsa stain afidfdr (15 min), then washed
with D.W.

13. Two slides for each tube were prepared forgsmetic assays.

Another slides for each concentration were staimigl Hoechst stain (33258) for

the analysis of cell cycle progression and sidteomatid exchange.
3.11.3: Hoechst (33258) Staining
(lan-Freshney, 2000).

1. The slides were immersed in a coplin jar Hoech&583at a concentration of

20pg/ml for 10 min.
2. The slides were transferred to a slide rack, afidB®f 2x SSC were dropped.

3. The slides were covered with 22-mm x 50- mm colips sand the edges were
sealed with a temporary seal, such as cow gunreteept evaporation.
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4. The covered slides in the slide rack (cover slgpnig downwards) were placed

on a short-wave UV box. Maintain a distance of agpnately 4 cm between
the slides and the UV source. The longer the phlensatid will become,

expose the slides for about 24-60 min.

5. The covered slips were removed, and the slides washed three times in
ultra purified water (UPW), 5min. per wash. The dasl was covered with

aluminum foil.
6. The slides were air dried in the dark.

7. The slides were stained in a coplin jar contgn8.5% Giemsa solution in

sourensens buffer (pH 6.8) for 3-5 min.
8. The slides were carefully rinsed in tap watad drained using a paper tissue.

9. The slides were air dried on the bench for 1rhand dipped into
xylene, 4 drops of DPX mountant were dropped ohi slide and a 22-

mmX50- mm cover slip was lowered, expressing anpabbles with tissue.
10. The slides were air dried in a fume hood owgrhi
3.12. Total and Differential Count of Mouse Blood leukocytes

All mice groups which were used for the cytogenetxperiment (3.11.1)
and shown in figures (3.1) and (3.3), were hearichured before being injected

with colchicine , to collect the blood for totaldadifferential count of leukocytes.
3.12.1: Total Count of LeukocytesCatalano, 2002

1. The blood was taken by heart puncher and paotiaparinized tube.

2. A diluting solution (190 pl) was pipetted intst tube.

3. The heparinzed blood (10ul) was pipetted andechixell with diluting fluid for

at least 2 minutes.

4. The heomcytometer was set up with its coversgiasposition, by a pasteur

pipette, both sides of the hemocytometer weredfileh the diluted blood.
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5. The cells were allowed 2 minutes to be settled.

6. The cells were counted in the four large squareboth sides of chamber, by

using the 40 X objective and subdued light.

7. The WBCs were calculated on the basis of cells\ted, counted area, and the

dilution.

No. of cells (cells/mrblood) =no. of cells in four square x volume cotrec

dilution correct /4
3.12.2: Differential Count of Leukocytes Catalano, 2002

1. A small drop of heprinazed blood was put on the ehdlean, dry slides. A
pusher slide was place at an angle of 30° to 4th#cslide and then moved it
back to make contact with the drop. The forward ement of the pusher

spreads the blood on the slide.
2. The blood film was allowed to dry in the air.

3. The slides were completely covered with Giemsanstaiter 3 minutes the

slides were washed gently and then examined uiglgmhicroscope.
No. of cells (cells/mm3blood) = (total no. of leukte x cells %)
3.13. Cytogenetic Parameters Analysis:
1- Mitotic Index (MI) Assay:

The slides were examined under high power(40 X)cafnpound light
microscope and (1000) of divided and non dividetlsceere counted and the
percentage rate was calculated for only the divimlees according to the following

equation :

Mitotic index =no. of the divided cells/ total naf. the cells (1000) x100
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2-Blasto Index (Bl) Assay:

The slides were examined under high dry power (40X¢ompound light
microscope and (1000) cells were counted to cdleulze percentage rate of the

blast cells according to the following equation:
Blasto index (Bl) =no. of the blast cells/total wd.cells (1000) x100
3-Chromosomal Aberrations (CAs) Assay:

The prepared slides were examined under the oilersion lens for 100
divided cells per each animal or blood lymphocye$ure, and the cells should be
at the first metaphase stage of the mitotic diviswhere the chromosomal

aberrations are clear and the percentage of tlieseations was estimated.
4-Sister Chromatid Exchange (SCE) Assay:

Sister chromatid exchange was counted in 50 weHlagpsecond metaphases.
5-Replicative index (RI) assay

The replicative index (RI) was determined by cougtthe number of cells at
the first, second and the third metaphase in (t@0} at metaphase, the Rl was

calculated according to the following equation:
RlI= (1xM1%) + (2xM2%) + (3xM3%)/100 (Lambest al.,1983)
3.14: The Protective Value of. odoratisssmum Aqueous Extract:

The protective value oPelargonium odoratissmum aqueous extract was

calculated according to the following equation:-

Protective value = A-C/A-Bx100

A = (+) ve control (treatment with MTZ only)

B = (-) ve control (treatment with PBS only)

C = interaction group (treated with MTZ and plaqtiaous extract).

(Rawatet al., 1997)
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3.15: Statistical Analysis:

One or two way analysis of variance was perforteetest whether group
variance was significant or not, the comparisorwket groups were made using
SAS package (SAS, 2001).
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Chapter Four: Results and Discussion
4.1: Detection of Some Active Compounds iR. odoratissimum:

Using different chemical reagents and solutions detection of various
active compounds found in th® odoratissimum, results are represented in table
(4-1). The results indicated th&. odoratisssmum contains flavonoids and

saponins, while glycosides, alkaloids and tananesabsent in this plant.

Table (4-1): Active Compounds inP. odoratissmum

Chemical Reagents Used Indication Result; of
Components Detection
1.Saking water (Foaming form) +ve
extract
Saponins 2.Ferr|§02hlor|de (White ppt.) +ve
| 3.Blood [ (Hemolysis) || +ve
Tannins Lead acetate 1% (Greenish blue) -ve
Glycosides (before .
hydrolysis) Fehling reagent (Red ppt.) -ve
Glycosides (after : i
hydrolysis) Fehling reagent (Red ppt.) ve
Flavonoids Ammonia (Dark color) +ve
Alkaloids Mayer’s reagent (White ppt.) -ve

+ve . presence of active compound.

-ve : absence of active compound.
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4.2: Cytogenetic Effect of Metronidazole:

4.2.1 Cytogenetic Effect of Metronidazole on Mous8one Marrow Cells in

VIiVO:

The mitotic activity and the chromosomal aberragion mouse bone
marrow cells were examined in mice treated withr fbases of MTZ administrated

orally.
4.2.1.1: Metronidazole Effect on Mitotic Index:

Depending on our results, white mice have a mitiiitex (6.70%) in their

bone marrow cells, this considered as a negatingao

Table (4-2) revealed that the mitotic indéxnouse bone marrow cells treated
with MTZ was decreased with the increase of drugedpa significant reduction
(p<0.05) in mitotic index to (5.4, 4, 3.4 and 3.308a their bone marrow cells was
seen at doses of MTZ (1, 100, 200 and 400mg/kgeds/ely.

This reduction in Ml may be related to several dest first of all the
proteins required for mitosis were not producethatsame quantities, or the code
did not reach the cells to induce it for proliféoat or the drug may cause the death
of bone marrow cells (Turneat al., 1988), or the mitotic activity of the cells
affected by MTZ was not repaired, or it may be dwue defect occurred in the

mitotic spindle composition during cell divisionhig&ishi, 1978).

There are other chemotherapentic drugs that alssecanitotic index
inhibition, like cyclophosphamide (CP) (Al-Robia&000), methotrexate (MTX)
(Al —Amiry, 1999) , mitomycin-C (MMC) (Littlefieldet al., 1979;Shubber,1981;
Shubbelet al.,1985) and Tamoxifen (TMA)(Al-Sudany, 2005).
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Table (4.2): Cytogenetic Effect of Metronidazole omMouse Bone Marrow Cells (n vivo).
Doses of Mitotic Chromosomal Aberrations % meanzt S. E.
MTZ Index Chromosome|| Chromatid
mg/kg || YomeanzS.E. Ring Gap Acentric Dicenteric Deletion Total
breaks breaks
Negative|| 6.70+0.04 || 0.021+0.004{0.451+0.013| 0.042+0.001 || 0.026+0.013f 0.02+0.001 || 0.02+0.001|| 0.015+0.004] 0.595+0.04
Control A A A A A A A A A
1mg 5.40+0.02 || 0.012+0.003] 0.690+0.02 || 0.0451+0.00 |0.02710.001 0.010+0.007|| 0.143+0.09}| 0.036+0.001 0.963110.02(L
/kg B A A A A A B B A
100mg 4.00+£0.20 || 0.040+0.001] 0.495+0.10 || 0.075+0.003 || 0.681+0.04|| 0.015+0.008|| 0.184+0.08]| 0.058+0.004| 1.548+0.016
/kg C B A A B A B C B
200mg 3.40+0.05 || 0.122+0.003| 0.465+0.05 || 0.131+0.005 || 0.901+0.06|| 0.026+0.010]| 0.263+0.014| 0.087+0.00¢| 1.795+0.018
Ikg D C A B C A C D B
400mg 3.30+0.05 || 0.191+0.09 || 0.392+0.03 || 0.165+0.007 || 1.262+0.12|| 0.025+0.018]| 0.312+0.07|| 0.49+0.09 | 3.837+0.013
/kg D D A C D A D E C

Differences A, B, C, D, E are significant (P< 0.059p compression rows.

55




Chapt er Four Results and Di scussi ons

4.2.1.2: Metronidazole Effect on the Chromosomal Adrrations (CAS):

The types of CAs which have been observed are magp, acentric,
dicenteric, chromosome breaks, chromatid breaksdatetion (Figures (4.1) (4.2)
(4.3) and (4.4)). These CAs were noticed in negationtrol and in mice treated
with MTZ as shown in table (4.2).

The spontaneous levels of CAs observed in untre@@ase bone marrow
cells was (0.595%). This percentage increased mpapison with the animals

treated with MTZ for the four different doses.

Rings (Figure 4.1) were non significantly reducpe&(.05) to (0.012%) at
the dose (1 mg/kg) when compared with the negatorgrol (0.021%) whereas
significantly increased (p<0.05) at the doses (20 and 400 mg/kg) to reach a
percentage of (0.191%) at the dose of (400 mg/Kgrhvwas the highest doses

used.

Gaps (Figures 4.2 and 4.4) frequency in the negawntrol was (0.451%),
in the treated animals this percentage was sigmtfig different (p<0.05) to (0.69,
0.495, 0.465, and 0.392%) at the doses (1, 100288100 mg/kg) respectively.

Dicentric and acentric chromosomes were found toirm¥eased non
significantly (p<0.05) at the dose (1mg/kg). Digentincreased significantly
(p<0.05) at the doses (100, 200 and 400 mg/kg)omparison with negative
control (0.026%)).

While the acentric (Figure 4.2) percentage was3[D.And 0.165%) at the
doses (200 and 400 mg/kg) respectively in comparisth negative control,
which was (0.0421%), table (4.2).
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Figure ( 4.1 )Metaphase of bone marrow cells fromramals treated with
MTZ showing (1) ring and (2) chromosome break(1000x
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Figure ( 4.2 ): Metaphase of bone marrow cells froranimals treated with
MTZ showing (1) a centric and (2) gap (1000x) .
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Figure (4.3 ): Metaphase of bone marrow cells frm animals treated with
MTZ showing (1) deletion(1000x).

59



Chapt er Four Resul ts and Di scussi ons

Figure (4.4): Metaphase of bone marrow cells fromramals treated with MTZ
showing the (1) gap(1000x).
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The percentages of chromosome breaks (Figure 4.1as w

found not effected by MTZ at the doses (1,100,200 400mg/Kkg).
This result appeared clearly when compared with theegative

control percentage which was (0.02%).

Chromatid breaks were induced in therespnce of the
drug and increased significantly (p<0.05) with thacrease of drug
doses. The dose (400 mg/kg) chromatid breaks p@&gen reached
(0.312%) in comparison with the negative controd296).

The deletion (Figure  4.3) percentagancreased  from
(0.015%) in the negative control to (0.036, 0.058.087 and
0.49%) at the doses (1, 100, 200 and 400 mg/kgpentively, as
shown in table (4.2). These results are signifigantdifferent

(p<0.05) from the negative control and from eadtent

It was noticed that the percentage of chromatid akse was
higher than the percentage of chromosome breaksr atreatment
with MTZ. This may be related to the differences ithe repair
systems of each change. The double-stranded DNA akbre will
induce the production of ADP- ribose enzyme moreanth the
single -stranded DNA break. ADP- ribose will actwva the repair
of DNA break (Gill, 1980).

Treatment with MTZ induced and significantly incsea
(p<0.05) in the levels of CAs Iin mouse bone marrogells to
(0.9631, 1.548, 1.795 and 3.837%) at the doses 109, 200 and
400 mg/kg) respectively.
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These results were in agreement with those of NM@el et

al., 1988. They noticed that CAs increased in prologgin
treatment with high doses of MTZ and disagree witinse of Roe,
1985 who was wunable to demonstrate a potential tgeneamage

in vivo.

4.2.2: Cytogenetic Effect of Metronidazole on Human Blood

Lymphocytesin vitro:

42.2.1: The Effect of Metronidazole on Mitotic Inkx and

Blasto Index:

The mitotic index of normal untreated blood Ilympyies
(negative control) was (4.10%) and blasto index weH.66%), as
shown in table (4-3).

A gradual inhibiton in Ml and Bl at the concentoas
(10,20,40 and 80pg/ml) was noticed after wusing feckht
concentrations of MTZ in human blood culture, thishibition was
concentration dependent.

The concentrations of MTZ (25 and 5pg/ml) caused
significantly increase (p<0.05) in the blasto indepercentage and
non significantly increase (p<0.05) in MIl. These present the
hormesis effect of MTZ in which very small amounts#f chemicals
either stimulated the body's repair mechanism oreefr radical
detoxification or by stimulation of immune systemkushima et

al., 1996).
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The highest reduction in Ml and Bl  have been shoatn the

concentrations of (10, 20, 40 and 80 pug/ml) , of ZAMTin

comparison with the negative control. This indicatethat MTZ
inhibits mitosis which was either associated witlornfation of an
incomplete metaphase of chromosomes or an alterecangement
of spindle microtubules that strongly resembled thabnormal
organization that occurs in antimitotic compoundsJordan and
Thrower, 1991).

Also MTZ might inhibit the growth and induced apogst
of cycling normal human peripheral blood Ilymphosytethat were
induced by mitogen (PHA), or that Ilymphoblast teeaAt with
DNA-damaging agents of several chemotherapeutic ntage which
intercalates into DNA and inhibits DNA synthesis (Ashizawa
etal., 1996).
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Table (4.3): Cytogenetic Effect of Metronidazolen Human Blood Lymphocytes Culture (n vitro).

Cell Cycle Progression %

Concentrations of|| Blasto Index || Mitotic Index (mean) RGIF;'GC:;'VG SIStE;ghh;g;eatld
0, 0,
MTZ (ug/ml) Yo meant S. E.|| % meant S. E. Y%emeans S. E. ormeane S. E.
M1 M2 M3
Negative Control 40.66+0.01 4.10+0.080 33 32 35 2.02+0.03 6.33+0.02
E E E A
2.5 ug/ml 50.08+0.03 4.45+0.035 31 32 37 2.06+0.06 6.03+0.001
5 ug/ml 49.35+0.03 4.35+0.049 29 38 33 2 04+0.04 8.90+0.01
10ug/ml 24.28+0.04 3.14+045 49 o8 23 1.74+0.01 12.04+0.06
D D D C
20ug/ml 17.39+0.021 2.02+0.06 63 29 15 1.52+0.05 18.50+0.007
c C C D
40ug/ml 12.72+0.029 1.10+0.02 71 18 11 1.40+0.01 24.10+0.003
B B B E
80pg/m 8.29i0.006 0.60:0.01 28 ”1 L 1.2%0.03 32.40Fio.ooz

Differences A, B, C, D, E are significant (P< 0.059p compression rows.
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The RI percentage of normal control was (2.02%9,dffect of MTZ on Rl
in human blood cultures treated with concentrati@ys and 5ug/ml) gave us (2.06
and 2.04%)respectively, in which there was nonifigmt decrease (p<0.05) in
comparison with untreated cultures, except whenctirecentrations (10, 20, 40
and 80ug/ml) were used, which caused a signifidantease (p<0.05) in the Rl in
comparison with the negative control giving (1.7821.4 and 1.23%)

respectively.

The numbers of cells in M3 reduced gradually withcreasing
concentrations figure (4.5). These results indichtg MTZ affects cell cycle in
comparison with negative control. The cells thatehahe ability to reach M3
decrease and it depends on concentration excép at5ug/ml which increased to
37 in comparison with negative control which was 86concentrations (5, 10, 20,
40 and 80ug/ml) the reduction were (33, 23, 15a1dd 1) respectively as shown in
table (4.3).

These results indicate that MTZ caused a reduatigmowth rate of normal
blood lymphocytes stimulated by mitogen (PHA) irseaependent manner. MTZ
and its metabolite might inhibit the proliferatiosf lymphocytes (Ashizawa
etal.,1996).

The SCE percentage of negative control (§83%), the SCE appear
to be affected by MTZ (Figure 4.6). The reductiaturred at the concentrations
(5, 10, 20, 40 and 80ug/ml) reaching (8.9, 12.085124.10 and 32.40%)
respectively, in which the number of lymphatic selvith SCE increased
significantly (p<0.05) as shown in table (4.3).

4.2.2.2: The Effect of Metronidazole on the CAs:

Other cytogenetic effects of MTZ in human bloodicéh vitro were the

increase in spontaneous frequencies of CAs as shotable (4-4).
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Figure (4.5): Metaphase of human blood lymphocytestained with Hoechest
stain, showing: M1 cells, M2 cells with sister chnmatid exchanges and M3
(1000x).
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Figure (4.6 ):Metaphase of human blood lymphocyteulture in M2 showing
(1) sister chromatid exchange(1000x).
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Table (4.4): Chromosome Aberrations Induction by MT1Z in Human Blood Lymphocyte Culture (in vitro)

Concentrations of

Chromosomal Aberration % meanz S. E.

MTZ (ng/mi) A centric Dicenteric Chromosome Chromatid deletion gap Total
breaks breaks
Neaative Control 0.00 0.00 0.00 0.00 0.00 0.230+0.03 || 0.230+0.03
9 A A A A A A A
S O'AOO 0.00 0.15+0.00 0.00 0.00 0.27+0.04 0'4250'09
OHY A B A A A
e og)o 0.00 0.10£0.01 0.15£0.002 0.00 0.30£0.07 || 0.55£0.010
H9 A B B A B C
0.267+0.06
10 ug/m 0.150+0.001 || 0.100+0.01 || 0.210+0.05 c 0.153+0.002|| 0.420+0.05 || 1.30+0.020
B B C B B D
20 wami 0.280+0.08 || 0.190+0.01 0'29510'03 0.316+0.06 || 0.237+0.07 || 0.487+0.10 || 1.807+0.025
H9 C C D C B E
20 wami 0.350+0.03 || 0.260+0.03 || 0.344+0.01 || 0.411+0.009 || 0.310+0.003|| 0.500+0.15 || 2.175+0.018
H9 D D E E D C F
80 pg/mi 0.420+0.04 || 0.35020.02 0'41250'009 0.463+0.01 || 0.400+0.013|| 0.573+0.012 || 2.618+0.026
E E E E C =

Differences A, B, C, D, E are significant (P< 0.09p compression rows.
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Frequencies of CAs in the negative control (Figi® was (0.23%) which
represented the gap aberration only. Other parasetk the CAs were not
observed. CAs increased with increasing the conateon of MTZ to a percentage
of (2.618%) at the concentration of (80 pg/ml).

At the concentrations (2.5 and 5 pg/mhe acentric, dicentric
chromosomes and deletion were not observed. Atesdrations (10, 20, 40 and
80ug/ml) the acentric ( Figure 4.9) results werd %0, 0.280 , 0.35 and 0.42%)
respectively, this indicated that there was a slighrease at the concentrations
(20pug/ml and 40ug/ml) but a sharp increasing oeclat 80ug/ml as shown in
table (4.4).

These results might differ in dicentric (Figure }4iB which a significant
increase (p<0.05) occurred at concentrations (204@ and 80ug/ml) reaching a
percentages of (0.10, 0.19, 0.26 and 0.35%) respéct

For the deletion, the percentage increased to $0.05237, 0.310 and
0.40%) at concentrations (10, 20, 40 and 80ug/edpectively. These results are
significantly different (p<0.05) from the negatigentrol and from each other.

There was no chromatid breaks in the negative rocbrand at the
concentration (2.5pug/ml), but it induced first dtet concentration 5ug/ml
reaching(0.15%), then increased gradually unticined (0.463%) at concentration
(80pg/ml).

These results were slightly differ @romosomal breaks which increased
to reach (0.15, 0.10, 0.21, 0.297, 0.344 and 0.41&%he concentrations (2.5, 5,
10, 20, 40 and 80pg/ml) respectively.

Gap ( Figure 4.9) was found in both the cdraral in MTZ treated cultures, it
increased gradually with increasing concentratiansl, at concentration (80ug/ml)
the
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Figure (4.7): Metaphase of normal human blood lympbcytes(1000x).

Figure (4.8):Metaphase of human blood lymphocyteséated with MTZ
showing (1) dicentric(1000x) .
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Figure (4.9): Metaphase of human blood lymphocyteseated with MTZ
showing (1) acentric and (2)gap(2000x).

percentage reached (0.573%) in comparison witm#gative control (0.23%) as

shown in table (4.4).
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The increase in the percentage of CAs after thé&iaddf MTZ indicated

that MTZ have a genotoxic effects on human blodid ce vitro.
4.3: Cytogenetic Effect ofP. odoratisssmum Aqueous Extract:

4.3.1: Cytogenetic Effect oP. odoratisssmum Aqueous Extract on Mouse Bone

Marrow Cells:
4.3.1.1: The EffectP. odoratisssmum Aqueous Extract on Mitotic Index:

Under normal experimental conditions, white miceena mitotic index of

(6.60%) and this considered as negative control.

Table (4-5) shows that the mitotic index of the s®uone marrow cells
treated with P. odoratissmum aqueous extract with four different doses
significantly decreased at the doses (400 and 8@kgj reaching (5.30 and
5.05%)respectively.

4.3.1.2: Effect ofP. odoratissmum Aqueous Extract on CAs:

The CAs of normal white mice was (0.595%) this codeed as negative
control. The results in table (4.5) showed thatglet aqueous extract cause an
increase in CAs with the increase of doses. Thicated that plant aqueous

extract is genotoxic at high doses on mouse bomeomaells.

The Ring, gap and acentric in normal amidhal treated with plant aqueous
extract was slightly increased while chromosomeakseand chromatid breaks
induced with all doses of the plant aqueous extradtromosome breaks in the
negative control was (0.02%), in the treated anirttad percentage was
significantly increased to (0.025, 0.055, 0.051 ar@54%) at the doses (100, 200,
400 and 800 mg/ml) respectively as shown in tablg)(
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Table (4.5): Cytogenetic Effect oP. odoratissmum (L.) Soland Aqueous Extract in Mouse Bone Marrow €lis(in vivo).

Mitotic Chromosomal Aberrations % mean + S. E.
Doses of plant d
extract(mg/kg) Index
%meantS.E. i . . . Chromosome|| Chromatid .
Ring Gap Acentric Dicenteric Deletion Total
breaks breaks
Negative 6.60+0.01 []0.021+0.004| 0.451+0.013|0.042+0.011] 0.026+0.013| 0.02+0.001 || 0.02+0.001 || 0.015+0.004|| 0.595+0.04
Control A A A A A A A A A
100 ma/k 6.25+0.05 || 0.025+0.003{ 0.40+0.003|| 0.037+0.003| 0.00+0.000|| 0.025+0.008|| 0.03+0.009 || 0.016+0.004|| 0.533+0.014
9/kg A A A A A B A A A
200 ma/k 6.15+0.05 0.0lSi0.00Eu 0.48+0.001|| 0.038+0.014| 0.032+0.001] 0.055+0.003|| 0.041+0.010]] 0.12+0.009 || 0.784+0.012
9/kg A A A A B C B B B
200 ma/k 5.30+0.10 || 0.025+0.003| 0.51+0.004 0.03510.01(" 0.057+0.004| 0.051+0.001( 0.0516i0.00£1| 0.130+0.009|| 0.8596+0.017
9ikg B A A A C C B C B
5.05+0.15 [[0.028+0.004| 0.50+0.005| 0.037+0.004| 0.055+0.003| 0.054+0.080|| 0.0513+0.004{ 0.1275+0.00% 0.8528+0.011
800 mg/kg B A A A C C B C B

Differences A, B, C, D, E are significant (P< 0.09p compression rows.
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The chromatid breaks in mouse boneromaof negative control was

(0.02%). This percentage was significantly increaseanimals treated with plant

aqueous extract.

While the percentage of dicentric chromosomes enrtbégative control was
(0.026%), at the dose (100 mg/ml). But at dose®,(200 and 800mg/ml), they
were increased significantly (0.032, 0.057 and &@prespectively.

Deletion appeared in the negative control (0.01%%)l this percentage
increased non significantly at the dose 100 mghut,at the doses (200, 400 and
800 mg/kg) the results increased significantly @12, 0.13 and 0.1275%)

respectively.

Treatment with plant agqueous extract causesignificant increase in the
levels of CAs in mouse bone marrow cells reacl{ih§528%) at the dose 800

mg/ml.

4.3.2: Cytogenetic Effect ofP. odoratissmum Aqueous Extract on Human
Blood Lymphocyte Culture:

4.3.2.1: Effect ofP. odoratissmum Aqueous Extract on M| and BI:

The mitotic index of human blood cells from healtiyman was (3.94%)
and the blasto index was (39.01%) (Table 4.6).

There was a significant decrease in Ml in comparisoth the negative
control, except in concentrations of (5 and 10pgymHowever, a significant
decrease was observed in Ml at the concentra(@ds40, 80 and 100 pg/ml)

compared with controls.

Blasto index increased gradually in correlationhnwabncentrations of plant
agueous extract when compared with that of nornmmhan blood lymphocyte
cultures (39.01%), the percentage was (58.80%jeatdncentration (100ug/ml).
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Table (4.6): Cytogenetic Effect of. odoratissmum Aqueous Extract in Human Blood Lymphocyte Culture(in vitro)

Cell Cycle Progression %
Concentrations of Blasto Index l\l/lr']tgg; (mean) Replicative Index S'StE;ghh;ggeat'd
Plant extract (ug/ml) || Y%omean zS.E. %meant S.E.
%mean + S.E. M1 M2 M3 %mean+ S.E.
. 39.01+0.01 3.94+0.050 1.97+0.01 6.52+0.01
Negative Control AB B 36 31 33 AR A
38.8+£0.02 3.97+0.071 1.87+0.04 6.39+0.01
5 pg/ml A B 46 21 33 A A
40.02+0.013 4.10+£0.011 2.03+0.07 6.32+0.03
10 pg/mi A B 33 31 36 A A
45.07+0.017 2.70+0.035 2.24+0.02 6.77+0.009
20 pg/mi A A 25 26 49 A B
40 pg/ml 51.13+0.023 2.75+0.030 20 18 62 2.42+0.08 6.80+0.03
B A B C
80 pg/ml 55.43+0.085 2.65+0.050 8 o5 67 2.59+0.01 6.85+0.03
B A B C
100 pg/ml 58.8050.012 2.75:0.02 6 20 74 2.68;0.09 6.6320.010

Differences A, B, C, D, E are significant (P< 0.09p compression rows.

75




Chapt er Four Results and Di scussions

Results of blasto index indicated that crude pkxxttact contains vitamins,
minerals, and active constituents which may stiteulzell mediated immunity by

stimulating blastogenesis or blast transformatiblymphocytes (Mowery,1986) .

The values of cells in M3 vary with diféat concentrations, in the negative
control. The number of cells in M3 was 33 which vgamilar to the concentration
5ug/ml but at 10pug/ml the cells in M3 increase®®o This value increased to 49 at
concentration 20pg/ml, 62 at 40ug/ml, 67 cell8@ig/ml and at the concentration
100pg/ml the cells reached 74 as shown in tab&).(4

The RI increased significantly with thecri@ased concentrations of plant

aqueous extract in comparison with the negativérobn

The SCE in the negative control was (6.pa%@ this percentage was increased

significantly (p<0.05) with the increase in congatibns of plant aqueous extract.
4.3.2.2: Effect ofPelargonium odoratisssmum Aqueous Extract on CAs:

The experiment declared that the plant agueousi@xat high dose induced

CAs in human blood lymphocyten(vitro) as shown in table (4.7).

The CAs that were noticed include: gap, deletidirpmosomal breaks and
chromatid breaks which appeared after treatmertt ditferent concentrations of
plant aqueous extracts.

The deletions were found at the concentration (49ml), and their
percentages increased non significantly when thantplaqueous extract
concentrations increased, in which at the conctabs (40, 80 and 100ug / ml) the
deletion percentage was (0.11, 0.11 and 0.13%gctisply.

The Chromosome breaks appeared at the concent2jogyml and induced
significantly with the increasing of the concentvas in comparison with the

negative control, which had no chromosome breaks.
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Chromosomal Aberration % mean *S.E.

Concentrations
of plant extract Chromosome Chromatid .
(ug/ml) breaks breaks Deletion Gap Total
Negative 0.00 0.00 0.00 0.25+0.01 0.250+0.01
Control A A A A A
5 ua/mi 0.00 0.013+0.03 0.00 0.23+0.02 0.243+0.05
HY A B A A A
10 ua/ml 0.00 0.015+0.02 0.00 0.24+0.01 0.260+0.03
HY A B A A A
20 ua/ml 0.031+0.007 0.021+0.008 0.00 0.31+0.06 0.364+0.02
HY B B A A B
40 ua/m 0.035+0.003 0.028+0.009 0.11+0.01 0.32+0.04 0.493+0.016
H9 B C B A C
80 ua/m 0.037+0.003 0.031+0.009 0.11+0.005 0.35+0.04 0.5285+0.016
H9 B C B B C
0.047+0.003 0.027+0.009 0.13+0.01 0.37+0.04 0.58+0.016
100 pg/ml B C B B c

Differences A, B, C, D, E are significant (P< 0.08p compression rows.
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The chromatid breaks were found to inducalatoncentrations of plant

aqueous extract.

Gap appeared in the negative control (0.2&82the concentrations (5, 10, 20,
40, 80 and 100 pg/ml) the gaps noticed are (0.2315) 0.312, 0.32, 0.35 and
0.375%) respectively.

Plant aqueous extract contains clastef@mical compounds which may
act to increase the activity of the detoxificatienzymes, such as superoxide
dismutase (SOD) and glutathione-S-transferase (@& )scavenging free radicals
from the cell, or may act to decrease the actioftarylhydrocarbon hydroxylase
(AHH) enzyme which has the ability to activate nggas inside the cells (Warg
al.,1989),

The Plant aqueous extract at high conagatrs and doses decreased Ml and
induced CAs and SCE. This might be related tdl&wonoids, found in the plant,
even low concentration of flavonoids can stabilibddA duplex, whereas helix
destabilization can occur when DNA incubated féoreg time with high flavonoid
concentration (Kanakigt al.,2005). Geranillol ,citronellol and saponins were
showed no toxic or carcinogenic effects at low ighldose levels in rats and mice
(Timothy ,2001).

4.4: Interaction between Metronidazole and plant Ageous Extract on Mouse

Bone Marrow:

This experiment was designed to study the effectplaiht extract on
mutagenic effect of MTZ which show a high perceertafl CAs and decrease Ml

in the bone marrow of mice.
4.4.1. Pre-Drug Treatment with Plant Aqueous Extrat

The results of this experiment were repnésd in table (4-8), which showed
the ability of plant extract to reduce the effestMl of the drug in the mouse bone

marrow. This results may be attributed to the @&ctoompounds in the plant
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extracts such as flavonoids and other chemical ttoasts in the crude plant

extract (Kanakist al.,2005).

MI of mice treated with plant extractfare the drug administration
increased to reach (5.00%). This result was sicgmfily different from positive
control (3.40%) .So plant extract provided (51%@tpction against the genotoxic
effect of MTZ on MI (Figure 4.10).

The percentage of CAs reduced signifipanhen plant extract was used
before MTZ treatment, which reached (2.19%) in carigon with the positive
control (3.837%) (Table 4.8).

The pre-treatment with plant extract pded a protection on CAs (51 %)
against the effect of MTZ (Figure 4.10).

The plant water extractu@® extract) contains a combination of
different chemical constituents in which they migdt together to reduce the
genotoxic effect of MTZ. Of these compounds, is flevoniods, saponins,
gerauillol and citronillol. Those active compounday play an important role in
reducing the genotoxicity of the drug, for examgfavonoids are strong
antioxidants that prevent DNA damage at low conegions and have the ability
to scavenging the hydroxyl radicals, superoxidemasi and lipid peroxy radicals,
e.g.Green tea, onions, apples, grapes, ginkgoseyttlm are just a few of the
many thousands of plants that contain flavonoidoaidants(Alan and Miller ,
1996), whereas saponins are chemicals or compaderdsed from plant sources
and exhibit powerful antioxidant properties and thethod of action of saponin
appears to be by DNA repairing cytosolic proteimsl ahe ability to decrease
oxidative stress by up-regulating the powerful @xitdant glutathione (Pool-
Zobel,1998).
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Table (4.8): Interaction between MTZ andP. odoratissmum Aqueous Extract in Mouse Bone Marrow Cellsf vivo).

Mitotic Chromosomal Aberrations % meanzS.E.
Index . . . .| chromocomel| Chromatid .
%m+SE Ring Gap A centric || Dicenteric breaks breaks Deletion Total
I\(l:egativle 6.53+0.04] 0.0210+0.04] 0.451+0.11]}0.042+0.011] 0.026+0.011] 0.02+0.01 0.02+0.01]| 0.015+0.04|] 0.641+0.04
ontro A A A A A A A A B
4days plant || 6.28+0.06| 0.025+0.01|| 0.40+0.003||0.037+0.003| 0.00+0.000|] 0.045+0.08 || 0.030£0.09| 0.026+0.04|| 0.588+0.01
extract A A A A A B A A A
adavs dru 3.40+0.03| 0.191+0.09|| 0.392+0.16{] 0.165+0.0014| 1.262+0.013] 0.025+0.018]| 0.312+0.07] 1.49+0.09 || 3.837+0.01
ys drug D C D B D A D D E
Simultaneous|| 4.87+0.08| 0.112+0.02 0.121010.04|0.16510.01' 0.681+0.06]] 0.015+0.09 || 0.154+0.09| 0.891+0.004| 2.139+0.21
treatment C B B B B A B B C
Pre-drug 5.00+0.03] 0.158+0.004| 0.1210+0.09] 0.081+0.0174| 0.583+0.06{] 0.010+0.009|| 0.164+0.09| 0.794+0.05]| 2.19+0.026
treatment B B B A B A C B C
Post-drug || 4.35£0.0| 0.169+0.09(|0.1770+0.1Q| 0.102+0.01q| 0.654+0.03|| 0.025+0.013}| 0.133+0.04| 1.083+0.02|| 2.689+0.011
treatment CB C C B B A B C D

Differences A, B, C, D, E are significant (P< 0.09p compression rows.
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Figure (4.10): The protection ratios provided byP. odoratissimum when given
before ,after and as a mixturen vivo.
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These chemical constituents of plapiemus extract may also linked to

the drug or its metabolites to form non-absorbablaplexes (Negishat al. ,1998)
or act to prevent activation of the drug by inhrgt cytochrom P 450 enzymes,
while other suggested that there ingredients mhaypinthe metabolic activation of
the drug (Zhangt al.,1989).

4.4.2: Post-Drug Treatment with Plant Aqueous Extrat

The MI of the positive control was shovntable (4-8) which was (3.40%)
while the MI of post- drug treatment with plant edt was (4.35%). From these
results it was found that the plant extract hdneeability to reduce the effect of the
drug, and its protective percentage provided bythet agueous extract was about
(30%) (Figure 4.10).

The percentage of CAs after treatment with planteags extract was
(2.689%), which is significantly different (p<0.05)om the positive control
(3.837%). All CAs decreased significantly in compan with the negative control.
This is also an indication that plant aqueous exthas the ability to repair the
damage caused by the drug. The protective percembagpost treatment provided
by the plant aqueous extract on CAs is (35 %) (fegul0).

P. odoratissimum aqueous extract could be considered as bioantyantéor

its ability to decrease the effect of MTZ in posatment.

It was clear that post drug treatment with plantraet may activate the
suppressing agent (Rametlal., 1986) or activate the promoters of DNA repair
mechanism (Kuroda and Hara, 1999), or may incréeserror free repair fidelity
in the cell (Bronzetti, 1994).
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4.4.3: Simultaneous Treatment with Mixture of PlantAqueous Extract and

MTZ

Table (4-8) shows the ability of plant aqueousattio reduce the effect of
MTZ on MI, results showed that using the plant astrat the same time with drug
can reduce the damage of the drug to reach (4.8#8t¢ the result of positive
control was (3.40%), the protective effect of thrudtaneous treatment was (46%)
( Figure 4.10).

The ability to reduce CAs was similar to the reductability of pre-
treatment; the protection of the simultaneous treatment on CAs was (53%)(Figure
4.10), which means that they have similar mecman reduce genotoxicity of
MTZ. Many plant extracts were considered as despeuma.g. garlic, onion, honey
black seed. It is possible to consid@r odoratissmum aqueous extract as a
desmutagens for its ability to decrease the etie®MTZ by chemical inactivaters,
enzymatic inducers, mutagen scavenger or as ad#éots in simultaneous

treatment.

Flavonoids ofP. odoratissimum aqueous extract have the ability to increase
the detoxifying enzymes in the body and therefeduce the effect of these

mutagenic materials and their metabolites (Kanetkas.,2005).

Treatment with plant extract before the drug asdaamixture provided
protection ratios for Ml and CAs more than thesmsawhen given after drug. So,
P. odoratissmum could be classified as desmutagen in the firskegrand

bioantimutagen in the second order.

Another plants contain flavonoids whidan also be consider as
desmutagen more than bioantimutagen in their wbibt reduce the genotoxic
effect of the drugsHibiscus subdariffa L. andGlycyrrhiza ghlobra L. in reducing
the effect of MMC(AL-Kayat, 1999), Honey in redugithe effect of Tamoxifen
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(AL-Sudany, 2005fhymbra spicata L. can reduce the effect of

cyclophosphamide(AL-Robiaay, 2000).

45: Interaction between Plant Aqueous Extract and MEZ on Human Blood

Lymphocytes Culture

The concentrations of both drug and plant extraetduin this experiment
were selected according to the harmful concentraifalrug and more useful plant

extract concentration to human blood lymphocyte.
4.5.1: Pre-Drug Treatment

The mitotic index of normal human blood lymphocytas (3.82%) as
shown in table (4-9).

The pre-treatment showed that plant aqueatract has the ability to reduce
the effect of the drug on MI, when culturing hunaood lymphocyte for 48 hr.
with a plant aqueous extract at concentration Ifjughd then separated the plant
aqueous extract and added a media with drug atodration 80ug/ml , this pre-
treatment significantly reduced (p<0.05) the effeftthe drug to (2.5%) in
comparison with the positive control which was [@4. Therefore the pre-
treatment has a protection of ( 58% )on MI( Fegdrll).

The blasto index of human blood Iyropyte pre —treated with the plant
aqueous extract was (33.75%) compared with theipessontrol (10.75%). The
protection of pre-treatment on Bl was (86 % ) (Ufeg4.11).

RI of normal human blood lymphocytes was (20Qivhile in the human
blood lymphocytes pre-treated with plant extraesw1.80%) this percentage
increased in comparison with the Rl of MTZ treatadtures (1.20%) and the
result of plant extract in 48 hr. on Rl was (1.9#hich was similar to the RI of
negative control. The pretreatment with plant ecttirovided a protection for Rl
of (74%) against the effect of MTZ (Figure 4.12).
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Table (4.9): Interaction betweenrP. odoratissmum Aqueous Extract and MTZ in Human Blood LymphocyteCulture( in

vitro)

Results and D scussi ons

Cell cycle progression %

Blasto Mitotic Index Replective Sister chromatid
Type of treatment Index YbmeantS. E (mean) Index exchange
%meantS.E. 0 T M1 M2 M3 %meantS.E. %meantS.E.
, 37.30+0.04 3.82+0.012 2.01+0.01 6.4040.02
Negative Control GE E 34 31 35 E A
Plant extract(72 hr.) 38.75+0.05 3.82+0.012 34 33 33 1.99+0.02 6.331£0.12
10 pg/ml G E E A
Drug(72 hr.) 10.75+0.15 0.67+0.02 79 20 1 1.20+0.02 30.32+0.03
80 pg/mi A A A D
Simultaneous 31.62+0.87 2.75+0.013 36 36 o8 1.92+0.01 16.00+0.5
treatment EF CD E C
Plant extract for
35.30+0.07 3.85+0.010 1.97+0.05 5.87+0.5
(48 hr.) DE D 36 31 33 E A
Drug for (48 hr) 17.3210.50 0.95:0.01 63 22 15 1.52;0.01 30.6810.03
Pre-drug treatment 33.75+0.30 2.5+0.18 a1 38 21 1.80+0.07 15.12+0.007
D B D C
Post-drug treatment | 23 95+0.70 2.27+0.02 48 31 01 1.73+0.04 14.39+0.02
C B C B

Differences A, B, C, D, E are significant (P< 0.09p compression rows.
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Figure (4.11): The protection ratios for MI, Bl and CAs that provided by P.

odoratisssmum when given before, after and as a mixturen vitro.
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Figure (4.12): The protection ratios for Rl and SCEthat provided by P.
odoratissimum when given before, after and as a mixturen vitro.
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The cells in culture treated with MTZ f&2 hr. reached M3 in value of one

cell while in the pre-treatment the cells reachg&da@ls in M3 the plant extract has

the ability to protect the cells from the toxicafdrug.

The SCE in normal blood lymphocyte culturuags (6.40%) this result was
decreased significantly (p<0.05) to (30.32%) in plositive control of drug , in the
pre-treatment the percentage was decreased to ¢6)1id contrast to positive
control, and the effect of plant extract in 48dw.SCE was decreased significantly
(p<0.05) to reach (5.87%) in contrast to negatwetrol. The pretreatment with
plant extract provided a protection to SCE of (84)%gainst the effect of MTZ
(Figure 4.12).

The CAs (Table 4.10) of MTZ (positive control) wé&k618%), the plant
extract have shown to be effective in reducing ificantly (p<0.05) the CAs to
(1.27%). The protection of pre-treatment on CAs\(69%) (Figure 4.11).

4.5.2: Post- Drug Treatment

The results of this experiment were digpt in table (4.9). Post-drug
treatment with plant extract caused significantrease in Ml to (2.27%) in
comparison with positive control (0.67%), while ghercentage of cultures treated
with MTZ for 48 hr. and 24 hr. normal media that Mas (0.95% ) which was
similar to positive control which mean that the MWl damage the cells in the
first 48 hours and by removing MTZ in the last 2duts the damage was not
reduced. So the plant extract provided a protedtifaxt against the effects of drug
on Ml in post-treatment (50 %) (Figure 4.11).

Post- treatment could reduce of damage of MTZ otoBkach (23.95%) in
comparison with the positive control (10.75%) whilee percentage of culture
treated with MTZ for 48 hr. and 24 hr. normal medre Bl was (17.35%). The
protective percentage in the post- treatment was@%4 (Figure 4.11).
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Table (4.10): The Effect of Interaction betweer. odoratisssmum Aqueous Extract and MTZ on Chromosomal

Aberrations of Human Blood Lymphocyte Culture.

Type of

Chromosomal Aberration % %mean+S.E.

Treatment A centric Dicenteric || Cromosome f| Chromatid Deletion Gap Total
breaks breaks
Negative 0.00 0.00 0.00 0.050+0.01 0.00 0.210+0.01|| 0.260+0.02
Control A A A A A A A
P'a(r;tzeﬁ‘r”)a“ 0.00 0.00 0.00 0.015+0.5 0.00 0.245+0.01]| 0.260+0.03
) A A A A A A A
10 pg/ml
Drug 0.420+0.041| 0.350+0.02 0.412+0.09 0.46310.001(“ 0.400+0.013| 1.573+0.012) 3.618+0.026
(72 hr.) D
B C C C D E
80 ug/ml
Simultaneous|| 0.12+0.09 0.137+0.07 0.021+0.09 0.023+0.05 0.10+0.01 1.314+0.03|| 1.835+0.09
treatment B B B A B C B
Plant extract
for 0.00 0.00 0.047+0.01 0.010+0.01 0.00 0.22+0.02 || 0.277+0.05
(48 hr.) A A B A A A A
Drug for(48 || 0.390+0.005| 0.340+0.02 0'37810'09 0.411+0.10 || 0.400+0.012| 1.370+0.026| 3.281+0.15
hr.) B C C C C D
Pre-drug 0.50+0.002 0.00 0.130+0.02 0.230+0.06 || 0.110+0.05{| 0.300+0.01}|| 1.27+0.09
treatment C A C B B B B
Post-drug 0.285+0.0140| 0.230+0.08 0.217+0.01 0.293+0.05 0.05+0.01 1.387+0.06]|] 2.462+0.09
treatment AB C D B B C CD

Differences A, B, C, D, E are significant (P< 0.09p compression rows.
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Another effect of MTZ was the reduatio the RI. There was a significant

decrease in RI in contrast with untreated bloodplgotytes. The RI of normal
human blood Ilymphocytes was (2.01%) while the tesafl human blood
lymphocyte post-treated with plant aqueous extnaes (1.73%). This was
increased in comparison with the Rl of MTZ (1.20%ind the result of drug
treated for 48 hr. increased significantly (p<0.tibjeach a percentage of (1.52%)
which mean that the cells have the ability to rdpae when the causative agent
MTZ was removed. The post-treatment with plant aottiprovided a protective
percentage to Rl of (65%) against the effect of MFigure 4.12).

The cells in cultures treated with MTZ reached M& cell while in the
post-treatment cells reached to 21 cells in M3sThdicated the ability of plant
aqueous extract to protect the cells from the toxiof drug, also the cultures
treated with MTZ for 48 hr. had cells with the ayilto reach M3 in value of 15

cells.

The SCE of normal blood lymphocyte culturing was4(86) which
decreased significantly to (30.32%) in the positieatrol (Table 4.9).

In the post-treatment, the percentage was decreagdd.39%) in contrast
to positive control, and the percentage of SCEuituce treated with MTZ for 48
hr. was (22.60%) which means that the cells coepair the damage of SCE that
produced by MTZ when the drug was removed. The-peatment with plant
extract provided a protective percentage to SCE615%) against the effect of
MTZ (Figure 4.12).

The abnormalities in chromosomes of ndérowetrol and in post- treated
cultures were examined in well separated metaphasdsiood samples, the
percentage of negative control was (0.26%) ,whickeoved in 100 lymphocytes
and in the positive control was (3.618%), this lesias decreased significantly
(p<0.05) to (2.462%) in comparison with positivatrol , while the percentage of
culture treated with MTZ for 48 hr. and 24 hr. natmmedia the CAs was
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(3.281%)which indicate the inability of infectedlseo repair the damage of MTZ

on chromosomes .The post- treatment provide piligtegtercentage of (34%)(
Figure 4.11).

4.5.3 Treatment with a Mixture of P. odoratisssmum Extract and MTZ:

This mixture has shown the ability to decrease rth#agenic activity of
MTZ on MI .Ml of positive control was (0.67%) whiléhe mixture have a
percentage (2.75%) which was similar to pre-treatnpercentage(Table 4.9).
Thus the mixture provided protective percentagé6%o) figure (4.11).

The effect of the mixture on Bl appeared to be eased significantly
(p<0.05) t0(36.62%) in comparison with the resa@ippasitive control(10.75%), the
protective ratio was (78%) as shown( Figure 4.11).

The RI results of human blood lymphocyte treatethwine mixture was
(1.92%) this percentage was high in comparison thi¢hRI of MTZ (1.20%). The
protective percentage of simultaneous treatment(82&) ( Figure 4.12).

The SCE of simultaneous treatment in blood lymphk®asulturing was
(16.00%). This result was decreased significanply0(05) to (30.32%) in the
positive control. The protective percentage of siameous treatment was (59.8%)
( Figure 4.12).

The mixture was able to reduce the dansd&TZ in the chromosomes, the
reduction was in the total of CAs, The protectivergentage of simultaneous
treatment in CAs was (53%) which was similar to phetective percentage of pre-

treatment level.

This might be related to the chemical cduostit like saponins and flavonoids
in the plant which can modulate the mutagenic &fe€MTZ (Chunget al., 1992;
Pool-Zobel,1998).
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Both Hibiscus subdariffa L. andGlycyrrhiza glabra L. contain flavonoids

which have the ability to reduce genotoxic effettMMC. These plant extracts
can be considered as desmutagen in the first addrbioantimutagen in the
second order (AL-Kayat,1999).

4.6: Effect on Mice Leukocyte Cells:

4.6.1: The Effect of MTZ in Total and Differential Account of Leukocyte in
Mice Blood:

Table (4-11) shows that there is noaftd MTZ on the animal leukocyte
as a result of counting the differential and tataimal blood leukocyte at different
doses of drug. Certain drugs can damage bone mafeewerally, this damage
expected to affect on the quantity of WBC to deseem range between 7 to 20
days following drugs administration .This decreases depending on the dose,
duration and type of the drug .Each drugs affelaés ldone marrow in different

ways (Internet , 2001).
4.6.2: The Effect ofP. odoratisssmum Extract in Leukocyte of Mice:

From table (4-12) it seems thBt odoratissmum aqueous extract has no
effect on the mice blood leukocyte on differensial total counting in comparison
with the negative control. High dose of flavonoidgn damaged mouse bone
marrow, this damage expected to affect on the gyaot WBC to decrease in
range between 7 to 20 days following plant extradsinistration (Internet |,
2001).

4.7.3: The Effect of plant drug interaction in MiceLeukocytes:

Table (4.13) shows no effect on leukocyte of mousthe three types of
treatment, pre-treatment, post-treatment and sametus treatment. The damage
effect of both MTZ and high dose Bf odoratissimum extracts expected to affect
on the quantity of WBC to decrease in range between 20 days following oral
administration (Internet , 2001).
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Table (4-11): The Effect of MTZ on Differential and Total Count of Blood Leukocyte.

Results and D scussi ons

meanz S. E. (cell/cu. mm. bloods)

Doses Total lymphocyte Neutrophil Monocyte Basophil Eosnphil
Control negative 8700+0.13 A 4335+0.49 A 2516+0.52A|| 1675+0.061 A 87+0.02 A 87+0.02 A
1mg/kg 8762.5+0.25 Al 4367+0.11 A 2504+0.11 A 1675¥DA 131+0.05 A 87+0.03 A
100mg/kg 8700+0.13 A 4270+0.6 A 2516+0.5 A 169604 131+0.05 A 87+0.02 A
200mg/kg 8775+0.7 A 4362+0.3 A 2545+0.3 A 1646085 131+0.06 A 87+0.03 A
400mg/kg 8762.5+0.25 A 4367+0.11 A 2504+0.11 A 16094 A 131+0.05 A 87+0.03 A

Differences A, B, C, D, E are significant (P< 0.08p compression rows.
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Table (4.12): The Effect of Plant Aqueous Extract o Differential and Total Count of Blood Leukocyte.

meanz S. E. (cell/cu. mm. bloods)
Doses Total lymphocyte Neutrophil Monocyte Basophil Eosnphil
Control 8780+0.2 A 4293+0.11 A 2585+0.9 A 1684+0M 131+0.5 A 87+0.02 A
100mg/kg 8754+0.13 A 4290+0.11 A 2576+0.15 A 16930 109+0.4 A 87+0.02 A
200mg/kg 8710+0.14 A 4318+0.4A 2476+x0.9 A 1742+p.9 87+0.02 A 87+0.02 A
400mg/kg 8748+0.17 A 4270+0.3A 2496+0.6 A 1786+HA.8 109+0.4 A 87+0.9 A
800mg/kg 8780+0.2 A 4293+0.11 A 2585+0.9 A 1684+p.4 131+0.5 A 87+0.02 A

Differences A, B, C, D, E are significant (P< 0.08p compression rows.
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Results and D scussi ons

Table (4.13): Interaction between Drug and Plant Ageous Extract and their Effect on Differential andTotal Count of

Blood Leukocyte

meanz S. E. (cell/cu. mm. bloods)

Plant extract

Doses of treatment Total lymphocyte Neutrophil Monocyte Basophil Eosnphil
Control 8780x+0.2 A 4293+0.11 A 2585+0.9 A 1684+0M 131+0.5 A 87+0.02 A
Post-treatment 8748+0.17 A 4270+0.3A 249610.6 A BA®.8 A 109+0.4 A 87+t0.9 A
Pre-treatment 8700+0.13 A 4270+0.6 A 2516+0.5 A 1696+0.07 A 131DA 87+0.02 A
Simultaneous treatment| 8748+0.17 A 4270+0.3A 2496+0.6 A 1786+0.8 A 109+8.4 87+0.9 A
Drug 8762.5+0.25 A 4367+0.11 A 2504+0.11 A 1675+£0.04 A 131+0.05 A SODA
8754+0.13 A 4290+0.11 A 2576%+0.15 A 693+0.9 A 109+0.4 A 87+0.02 A

Differences A, B, C, D, E are significant (P< 0.09p compression rows.
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Chapter Five Concl usi ons and Recomrendati ons

5.1. Conclusions

1. The presence of flavonoids and saponins. in P. odoratissimum.
2. Metronidazole is highly genotoxic to mouse bone marrow cells ('in vivo )

and human blood lymphocytes ( in vitro).

3. P. odoratissimum was genotoxic at high doses to mouse bone marrow cells
(in vivo ) and a high concentrations to the human blood lymphocytes
culture (invitro).

4. P. odoratissimum at all concentrations induced blasto index in human blood

lymphocytes culture (in vitro).

5. P. odoratissimum agueous extract was a promising plant extract at low dose
that could be used for reducing the genotoxicity caused by MTZ in mouse
bone marrow cells and human blood Iymphocytes culture, for that P.
odoratissmum was considered as desmutagen in the first order and
biocantimutagen in the second order.

6. Metronidazole and P. odoratissmum have no effect on mouse leukocyte

under the circumstances of the current experiments.
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5.2: Recommendations

1. Further studies are needed to study the effect of MTZ on the chromosomes
of other organs such as liver, kidney and spleen.

2. Further studies are required on other types of P. odoaratissimum extracts
such as ethanol and aceton extracts.

3. Further studies are required on other plant species that can inhibit the MTZ
genotoxicity.

4. Further studies are needed to study the effect of MTZ on the immune system.

97



Drug Plant aqueous extract
AN
N\ A
0 4 days 8 days
Fig. (3.1)
Plant aqueous extract Drug
N N\
N A
0 4 days 8 days
Fig. (3.2
Plant agueous extract Drug
A A
- N A
48 hours 72 hours
Fig. (3.3)
Drug Plant aqueous extract
A A
- N A
48 hours 72 hours
Fig (3.4)
Plant agueous extract Norma media
A A
- N A
48 hours 72 hours

Fig (3.5)



Plant aqueous extract + Drug

B N
—
72 hours
Plant aqueous extract + Drug
A
—
0 4 Days



QNNNRARARARAANNNNNNNNNNNNNNNN,

{fffffffffffffffffffffffffff«/\/\/‘o/\/v\/‘o/\/‘

Vel et ol el oV oV oV VotV ol oV ol el ol oV oV ol el oV oV ol ol el v g

L3 [ o b ) 54
o e b oS s -
g Al e bz,
o TN

Republic of Iraq

Ministry of Higher Education
and Scientific Research
Al-Nahrain University
College of Sciences
Biotechnology Department

5
:
/1,.

2\

(RNUNVERSITy
»

V~"§

Ul’\dl = a\>’v'

Inhibitory Effect of Pelargonium
odoratissimum (L.) Soland Extracts on the
Genotoxicity of Metronidazole in

Mammalian cells

A thesis
Submitted to the College of Science of AL-Nahrain University

As partial fulfillment of the requirementsfor the degree of Master
of Science in Biotechnology

By

Mayassa Fadhil Mahdi AL-Romani

B. Sc. Biotechnology (2002)

Al-Nahrain University

Jumadi Al-Thany 1427

1 0 VA 20 0 2 Vo Mo o P Mo Ra e W Ra Ha e i %o Ra e Vi %a R M M %a R i 20 % 2o Ha R Vo R

July 2006

%



List Of Contents

Item No. || Subject Page
Summary I
List of contents [l
List of Tables Vi
List of Figures il
List of Abbreviations X
1 Introduction 1
Literature Review
2.1 Metronidazole 4
2.1.1 Uses of Metronidazole 4
2.1.2 Mechanisms of Metronidazole Activity against 6
Microbial Agent
2.1.3 Distribution of Metronidazole 7
2.1.4 Pharmacokinetics of Metronidazole 7
2.1.5 Elimination of Metronidazole 7
2.1.6 Interaction of Metronidazole with other Madal 8
Product
2.1.7 Mutagenicity and Carcinogenicity of 8
Metronidazole
2.1.8 Metronidazole and fetotoxicity 9
2.2 Pelargonium odoratissmum (L.) Soland 10
2.2.1 Plant Distribution 11
2.2.2 Plant Description 11
2.2.3 Cultural Notes 12
2.2.4 Propagation Notes 12
2.2.5 Edible Uses 12
2.2.6 Medicinal Uses 12
2.2.7 Other Uses 13
2.3 Herbal — Drug Interaction 13
2.3.1 The Mechanisms of Herb-Drug Interaction 14
2.4 Mechanisms of Antimutagenicity 15
2.5 Cytogenetic Analysis 16




2.5.1 Blastogenic Index(Bl) 16
2.5.2 Mitotic Index (MI) 17
2.5.3 Chromosomal Aberrations (CAS) 18
254 Sister Chromatid Exchanges (SCE) 20
2.6 The cell cycle 22
2.6.1 Cell Cycle Progression (CCP) 23
2.6.2 Replicative Index (RI) 24
2.7 Hormesis 24
Materials and Methods
3.1 Materials 27
3.1.1 Equipments and apparatus 27
3.1.2 Chemical Materials 28
3.2 Solutions Preparation 29
3.3 Laboratory Animals 31
3.4 Preparation of Metronidazole 32
3.5 CollectionP. odoratissmum (L.)soland 33
3.6 Plant Extraction 35
3.7 Preparation d?. odoratissium 35
3.8 Chemical Study of Plant Active Compounds 36
3.8.1 Preparation of Reagents 36
3.8.2 Detection of Some Active Plant Components 37
3.9 Administration of Laboratory Animals 39
3.9.1 Metronidazole 39
3.9.2 |[P. odoratissum Aqueous Extract 39
3.9.3 The Interaction Study between MetronidazakbRa 40
odoratissiumn aqueous extract in Micén(vitro).
3.9.3.1 || Pre-Drug Treatment with Plant AqQueous Ettra 40
3.10.3.2 || Post-Drug Treatment with Plant Aqueousdext 41
3.10.3.3|| Simultaneous Treatment with Plant Aquedxisact 41
and Drug
3.10 Human Blood Lymphocyte Culture 43
3.10.1 || The Interaction between Metronidazole Bnd 43
odoratissiumn Aqueous Extract in Human Blood
Lymphocyte Culturel vitro).
3.11 The Cytogenetic Experiments 44




3.11.1 || Chromosomal Preparation from Somatic Célthey 44
Mouse Bone Marrowi vivo)
3.11.2 || Cytogenetic Analysis of Human Blood 47
Lymphocytes
3.11.3 || Hoechst (33258) Staining 48
3.12 Total and Differential Count of Mouse Blood 49
Leukocytes
3.12 Total Count of Leukocytes 49
3.12.1 || Differential Count of Leukocytes 50
3.13 Cytogenetic Parameters Analysis 50
3.14 The Protective Value &f odoratissimum Aqueous 51
Extract
3.15 Statistical Analysis 52
Results and Discussion
4.1 Detection of Some Active Compounddlin 54
odor atissimum
4.2 Cytogenetic Effect of Metronidazole 55
4.2.1 Cytogenetic Effect of Metronidazole on Mouse 55
Bone Marrow Cellsn vivo.
4.2.1.1 || Metronidazole Effect on Mitotic Index 55
4.2.1.2 || Metronidazole Effect on the Chromosomal 57
Aberrations (CAs)
4.2.2 Cytogenetic Effect of Metronidazole on Human 62
Blood Lymphocytesn vitro
4.2.2.1 || The Effect of Metronidazole on Mitotic Indand 62
Blasto Index
4.2.2.2 || The Effect of Metronidazole on the Chronmab 65
Aberrations
4.3 Cytogentic Effect dP. odoratissimum (L.) Soland 72
Agueous Extract
4.3.1 Cytogentic Effect d?. odoratissimum Aqueous 72
Extract on Mouse Bone Marrow Cells
4.3.1.1 || The EffecP. odoratissmum Aqueous Extract on 72
Mitotic Index
4.3.1.2 || Effect oP. odoratissmum Aqueous Extract on CA} 72
4.3.2 Cytogentic Effect d?. odoratissimum Aqueous 74
Extract on Human Blood Lymphocyte
4.3.2.1 || Effect oP. odoratissmum Aqueous Extract on Ml 74




and Bl

4.3.2.2 || Effect oP. odoratissmum Aqueous Extract in CAg 76
4.4 Interaction between Metronidazole &hd 78
odoratissimum Aqueous Extract on Mouse Bone
Marrow Cells
4.4.1 Pre-Drug Treatment with odoratissimum 78
Agueous Extract
4.4.2 Post-Drug Treatment wikhodor atissimum 82
Agueous Extract
4.4.3 Simultaneous Treatment with MixtureRof 83
odoratissimum Aqueous Extract and MTZ
4.5 Interaction betwedr. odoratissimum Aqueous 84
Extract and MTZ on Human Blood Lymphocytes
4.5.1 Pre-DrugTreatment 84
4.5.2 Post- Drug treatment 88
45.3 Treatment with a Mixture &f odoratissimum 91
Extract and MTZ
4.6 Effect on Leukocyte Cell of Mice 92
4.6.1 The Effect of MTZ in Total and Differential 92
Account of Leukocyte in Mice Blood
4.6.2 The Effect oP. odoratissimum Extract in 92
Leukocyte of Mice
4.6.2 The Effect of Plant Drug Interaction in Mice 92
Leukocytes
Conclusions and Recommendations
5.1 Conclusions 96
5.2 Recommendations 97
Reference 98
List of Tabels
Table :
No. Subject Page No.
(4.1) Detection of Some Active Compounds 53
(4.2) Cytogentic Effect of Metronidazole on Mouse borje 56

Marrow Cells {(n vivo)

VI



Cytogenetic Effect of Metronidazole in Human

(4.3) Blood Lymphocytes Culturer vitro) 64
(4.4) Chromosome Aberrations of MTZ in Human Blodh 63
' Lymphocyte Culture
(4.5) Cytogentic Effect oP. odoratissimum (L.) soland 73
' Aqueous Extract in Mouse Bone Marrow Cells.
(4.6) Cytogentic Effect oP. odoratissimum Aqueous 75
' Extract in Human Blood Lymphocyte
The Effects ofP. odoratissmum Aqueous Extract
(4.7) |on Chromosome Aberrations in Human Blood 77
Lymphocyte Culture
(4.8) Interaction between MTZ arfélodoratiss mum 80
' Aqueous Extract in Mouse Bone Marrow.
(4.9) Interaction betweeR. odoratissimum Aqueous 85
' Extract and MTZ in Human Blood Lymphocyte
The Effect of Interaction betweéh odoratissmum
(4.10) ||Aqueous Extract and MTZ on Chromosomal 89
Aberrations of Human blood lymphocyte culture.
(4-11) The Effect of MTZ in Differential and Total Count 93
of Blood Leukocyte
(4.12) The Effect of Plant Aqueous Extract in Differentig 94
' and Total Count of Blood Leukocyte
Interaction between Drug and Plant Aqueous Extfact
(4.13) ||and their Effect in Differential and Total Count of 95
Blood Leukocyte
List of Figures
Fﬁgre Subject Page No.
Structure of Metronidazole
(2.1) 5
(2.2) [|Cellcycle 23

Vi



(3.1)

Oral administration of Metronidazole in mice.

33

(3.2)

Concentrations of Metronidazole in human blood
lymphocyte culture.

33

(3.3)

P. odoratisssimum (L.) soland

34

(3.4)

Oral administration of plant agueous extract.

35

(3.5)

Concentrations of plant aqueous extract in humaj

blood lymphocyte culture.

36

(3.6)

The Interaction Study between Metronidazole Bnf

odoratissimum aqueous extract in micen(vivo),(A)
Post-treatment,(B)Pre-treatment and (C)
Simultaneous treatment.

41

(3.7)

Study the interaction between MTZ aRd

.odoratisssmum aqueous extract in human blood
lymphocyte culturel( vitro),(A)Pre-treatment,(B)
Post-treatment and (C) Simultaneous treatment.

45

(3.8)

Study the normal culturing of MTZ arijl
odoratissimum aqueous extract in human Blood
lymphocyte culturel( vitro)for 48 hours.(A)normal
culturing of drug and (B)normal culturing of plant
aqueous extract.blood lymphocyte cultureyitro)
for 48 hours.

46

(4.1)

Metaphase of bone marrow cells from animals
treated with MTZ showing (1) ring and (2)
chromosome break.

57

(4.2)

Metaphase of bone marrow cells from animals

treated with MTZ showing (1) gap and(2) acentrid .

58

(4.3)

Metaphase of bone marrow cells from animals
treated with MTZ showing (1) deletion.

59

(4.9)

Metaphase of normal human blood lymphocytes.
with MTZ showing(1) gap.

60

(4.5)

Metaphase of human blood lymphocytes stained

with Hoechst stain, showing: M1 cells,M2 cells wif

sister chromatid exchanges and M3.

66

(4.6)

Metaphase of human blood lymphocyte culture if

M2 showing the sister chromatid exchange.

67

(4.7)

Metaphase of normal human blood lymphocytes.

70

VIII



Metaphase of human blood lymphocytes treated

Nvith

(4.8) MTZ showing (1) dicentric. 70
4.9 Metaphase of human blood lymphocytes treated fvith 71

(4.9) MTZ showing (1)acentric and (2) gap
The protection ratios provided Byodoratissimum

(4.10) ||when given before , after and as a mixtumreivo. 81
The protection ratios for Ml, Bl and CAs which

(4.11) |[ provided byP. odoratissimum when given before, 86
after and as a mixtuie vitro.
The protection ratios for Rl and SCE that provid

(4.11) || by P. odoratissmum when given before, after and gs 87
a mixturein vitro.




List of abbreviations

Bl
BudR
CCP
CNS
CAs
CP
D.W.
FDA
IP

MTX
MTZ
MMC
MI
PBS
PHA
KCI
RI
SCE
TMA
uv
WBCs
UPwW

Bacteriodes
Blastogenic Index
5-Bromodeoxyuridine
Cell cycle progression
Central nerveous system
Chromosomal Aberrations
Cyclophosphamide
Distilled water
Food and Drug Adminstration
Intraperitoneally
Intravenoudly
Methotrexate
Metronidazole
Mitomycin-C
Mitotic Index
Phosphate Buffer Saline
Phytohaemoaggl utinin
Potassum Chloride
Repl ecative Index
Sister chromatid exchange
Tamoxifen
Ultraviolet
White blood cells

Ultra pure water



Ref er ences

References:

Adriene, F.B., MD (2000). Interaction between drug and plant product
Lancet article, 355: 134-38.

Al-Amiry, EW. H. (1999). Enzymatic, cytogenetic, and drug resistance
studies on blood from patients with breast canlge&c. thesis, College
of Education for Women, University of Baghdad (imaBic).

Alan, L. and Miller, N.D. (1996). Antioxidant Flavonoids: Structure,
Function and Clinical Usage . Alt. Med. Rev., 1{®B3-111.

Alan E.H. and Robert F. M. (1997). Elements of Medical Genetics eight
edition, p.p 104-105.

Allen, J.W.; Shuler, C.F.; Mendenes, RW. and LattS. A (1976).
Analysis of sister chromatid exchange formation imouse
spermatogonial as a new test system for envirormhemiutagens.
Cytogenet and cell Genet., 18: 231-237.

Al-Sudany,Ayat M. A.(2005).Inhibitory effects of Nigella sativia andrtey
on the Genotoxic of Tamoxifen in mice. A thesismitted to the college
of Science/Al-Nahrain University. Master of ScienoeBiotechnology
Iraq.

Ardito, G.; Lamberti, L.; Ansaldi, E. and Ponzetto, P. (1980). Sister
chromatid exchange in cigarette — smoker.Mutat,R&209-212.

Ashizawa, T., Monckton, D.G., Vaishnav, S., PateB.J., Voskova, A. and
Caskey, C.T. (1996). Instability of the expanded (CTG)n repaa the
myotonin protein kinase gene in cultured lymphotaiascell lines from
patients with myotonic dystrophy. Genomics, 36: 33—

98




Ref er ences

Balchin, M. and Roth G. (2000): Composition of the essential oils of P.
odoratissimum, P. exstipulatum and P. x fragransrd@iaceae). Flavor
and Fragr J., 15: 391-394.

Beard, C.M.; Noller, K.L. and O'Fallon, W.M. (1988). Cancer after

exposure to metronidazole. Mayo Clin. Proc., 63:183.

Becher, R.; Scmidt, C.G. and Sandberg, A(1983). SCE and cell cycle
studies in leukemia. In:Tice , R.R. and A. Holleeand Eds.) sister
chromatid exchange , 25 years of experimental reseaPart B. New
York , USA , pp:839-853.

Becker, J. and Brawner, F.(1996). Scented geraniums. (pelargonium culture

and varieties) American Horticulturist. 74:30-33.

Becx, M.C.J.M. (1990). Metronidazole-resistant Helicobacter pylbancet,
335: 539-40.

Berget, A., and T. Weber( 1972): Metronidazole and pregnancy. Ugeskr.
Laeg. 134:2085-2089.

Borsch, G.; Mai, U.; Opferkuch, W. (1989). Short- and medium-term results
of oral triple therapy to eradicate C. pylori. Gasthterology, 96: 53.

Bost, R.G (1977). Metronidazole: mammalian mutagenicity. hodeedings
of the International Metronidazole Conference, Meal, Canada.
Excerpta Medica, Amsterdam, the Netherlands. pf-1121.

Bown. D. (1995). Encyclopaedia of Herbs and their Usesadom: Orbis
Publishing. pp. 141-283.

Brickell, C. (1990). The RHS Gardener's Encyclopedia of PlantsFlowers
Brooklyn Botanic Garden Record, Plants and Gardémng2-77.

99




Ref er ences

Bronzetti, G. (1994). The role of antimutagenesis and antica@nsis.
J.Environ. Pathol. Toxicol Oncol., 16:259-262.

Budavari, S. (1996). The Merck Index. An Encyclopedia of Clats,
Drugs, and Biologicals. Whitehouse Station, NMerck and Co.,
Inc.12.

Calabrese, E.J. and Baldwin, L.A (1999). Chemical hormesis its historical
foundation as a biological hypothesis. Toxicologgtb®logy, 27:195-
214,

Catalano, P.(2002). White blood cell counts with differentiah George-
Gay, B. and Chernecky, C. (eds): Clinical Medicatgical Nursing
Saunders, pp. 282-290.

Catherine, A. H.; Michael, J.; Armstrong, C.I.B.; Rosina, B.H.; Susan,
K.; Greenwood, Sh.M.G. (1998). Chromosome aberrations in vitro
related to cytotoxicity of nonmutagenic chemicalsl anetabolic poisons
Environ. Mol. Mutagen, 31:316-326.

Chaganti, R.; Schonberg, S. and German,.J1974). A many fold increase
in Sister chromatid exchange in Bloom syndrome Iyogytes.
Proc.Natl.Acad.Sci.(U.S.A.),71:4508-4512.

Cheeke, PR(1971). Nutritional and physiological implication Saponins :
a review. Can. J. Amin. Sci., 51: 621-623.

Chung, FL. Y.; Ho, CT.; Desai, D. and Han, Q 1992). Protection against
tobacco-specific, nitrosamine-induced lung tumanegs by green tea
and its components. In: Phenolic Compounds in Faowdl Their Effects
on Health, II. Antioxidants and Cancer Preventiblugng MT, Ho CT,
Lee CY, eds). Washington:American Chemical Soqxgty300-307.

100




Ref er ences

Clarke, C.H. and Shankel, D.M (1975). Antimutagenesis in microbial
systems. Bacteriol Rev 39:33-53.

Crossen,P.E. and Morgan,W.H1979). Proliferation of PHA-stimulated
lymphocytes measured by combined autoradiograpsterschromatid
differential staining.Expl. Cell Res.,118:423-427.

Darbon, A.; Portal, A.; Girier, L.; Pantin, J. and Leclaire, C. (1962).
Traitement de la giardiase (lambliase) par le nméti@zole. Presse Med.,
70:15-16.

Dobell, C. (1990): The discovery of the intestinal protozdanwan. Proc.
Roual Soc. Med., 13:1-15.

Donavon, J.M. and Zhiyang, Z (2004). Integrating In Vitro Kinetic Data
from Compounds Exhibiting Induction, Reversible imtion and

Mechanism-Based Inactivation: In Vitro Study Desigp. 141-146.

Dorant, E.; van den Brandt, P.A.; Goldbohm, R.A.; Hermus, R.J.;
Strumans, R. (1993). Garlic and its significance for the preventof
cancer in humans: a critical review. Br. J. Can6@r424-429.

Dubreuil, L.I.; Houcke, Y.; Mouton, and Rossignol,J.F. (1996). In vitro
evaluation of activities of nitazoxanide and tizoike against anaerobes

and aerobic organisms. Antimicrob. Agents Chemo#h@2266-2270.

Durel, P.; Roiron, V.; Siboulet, H. and Borel, L.J (1990). Systemic
treatment of human trichomoniasis with a derivainfenitroimidazole.
Br. J. Vener. Dis.Drugs, 36:21-26.

Edward, J.C. and Linda A.B. (1998). Hormesis as Biological
Hypothesis.Envirnmental healthy perspectives supgids, volume 106,

number S1 February.

101




Ref er ences

Ernst, E. and Pittler, M.H. (2002). Herbal Medicine. Medical Clinics of
North America; 86(1): 149-61.

Eva, T. (2001). The Human Chromosomes, Fourth editionr@idal. Mitotic
cell cycle , P.13.

Evans, H.J. and Lioyd, D.C. (1978). Mutagen-Induced Chromosome
Damage in Man (Yale University Press, New Haven.

Evans, H.J.; Court Brown, W. M and McLean, A.S. (1967). Human
Radiation Cytogenetics (North-Holland, Amsterdam).

Evans, J.(1976). Cytological methods for detecting chemigritagens. In
Hollaender, A.(Ed).Chemical mutagens principles ar@hods for their

detection volume Four plenum press, New York anddom, pp.5-6.

Evans, H. and Oriordan, M. (1977). Human peripheral blood lymphocytes
for the analysis of chromosome aberration in mutagests.
Mutat.Res.,31: 135-198.

Fahmy, I.R. (1951). Constituents of Plant Crude Drugs lstpdul barbey,

Cairo.

Falagas, M.E.; Walker, A.M.; Jick, H.; Ruthazer, R, Griffith, J. and
Snydman, D. R.(1998). Late incidence of cancer after metronitazo
use: a matched metronidazole user/nonuser studg. @ifect. Dis.,
26:384-388.

Feinendegen, L.E.; Muhlensiepen, H.; Bond, V.P. an&onhaus, C.A
(1987). Intracellular stimulation of biochemical ntml mechanisms,
Health Physics, 52: 663-669.

Ferguson, LR. (1994). Antimutagens as cancer chemopreventive tagan
the diet. Mutat Res., 307:395-410.

102




Ref er ences

Gebhart, E. (1981). Sister chromatid exchange (SCE) and straktu
chromosomal aberrations in mutagenicity testingmi&enet.,58: 235-
245,

Gilbert D. (2001). The Sanford Guide to Antimicrobial Therapy
Antimicrobial Therapy, Inc., VT.

Gill, D.M. (1980). ADP-ribosylation in mammalian cell ghoddependence
of ploy (ADP-ribose) synthesis on strand breakageDNA, J. Biol.
Chem., 225:10492-10501.

Gillis, J.C. and Wiseman L.R. (1996). Secnidazole. A review of its
antimicrobial activity, pharmacokinetic properti@sd therapeutic use in
the management of protozoal infections and badteaginosis. Drugs,
51:621-638.

Glupczynski, Y. (1990). Metronidazole resistance in Helicobactgion.
Lancet, 335: 876-7.

Goldman, P.(1980). Metronidazole. N. Engl. J. Med., 303:12228.
Grieve, A. (1984. Geranium. Modern Herbal. pp. 423-440.

Harborne, J.B. (1973). Phytochemical methods. Science Paperblévéct
Chopman and Hall Pub.(Cited by Al-Anni, 1998 in Bid.

Harvey, W.; Felter, M.D.; and John U.L., Phr. M., Ph. D., (1998). Oleum
Rosae (U. S. P.)—Oil of Rose.

Hasgafvel, P.K.(1987). SCE and cell proliferation in cultured lyinggytes of
passively and actively smoking person. Mutat RE30; 211-15.

Heinonen, O. P.; Slone D. and Shapiro, $1977). Birth defects and drugs in
pregnancy. Publishing Sciences Group, Littletons$/gp. 296-302.

103




Ref er ences

Horowitz, S. (2000). Combining Supplements and PrescriptiongBruvhat
your patients need to know. Alternative and Comgletary Therapies,
pp.177-183.

Huxley, A. (1992). The New RHS Dictionary of Gardening,BB5.

IAEA (2001). International Atomic Energy Agency. Cytoggc Analysis for
Radiation Dose Assessment. A Manual. Technical Referies 405,

Vienna, pp. 127.

lan Freshney, R.(2000). Culture of animal cells. Forth edition:.\Wiley-

Liss, a manual of basic technique. pp. 341-342.

Ikushima, T.; Aritomi, H. and Morisita, J . (1996): Radioadaptive response;
Efficient repair of radiation induced DNA damage adapted cells,
Mutation research, 358: 193-198.

Internet (2001).Bone marrow and White blood cell The goalcahcer
treatment with chemotherapy and/or radiation idgnterfere with the
growth of cancer cells and ultimately destroy themiw.Cedars-Sinai
program.org.

Internet (2004). INTRODUCTION TO CHROMOSOMES, Human Genome

Project Information www.doegenomes.org .

Internet (2005). Metronidazole (Systemic).WWW.Drugs.com.

Ishii,Y. and Watatani, M.(1983).Cell stage dependence of the formation of
SCEs and chromosomal aberration. In sister chramatchanges,25
years of experimental research part A. Editor :TideR. and
A.Hollaender ,Plenum press ,New York and Londonl1pp-180.

104




Ref er ences

Jordan, M.A. and Thrower, D.W. (1991). Mechanism of inhibition of cell
proliferation by Vinca alkaloids. Cancer Res.Apil(8): 2212-2222.

Juma, A.S.M.; Shubber, E.K. and AL-Jeboori, T.l (1999). Cytogenetic
analysis of bone marrow and spleen cells of migeamentally infected

with secondary hydrated disease.

Kanakis, C.D.; Tarantilis, P.A.; Polissiou, M.G.; Damantoglou, S. and
Tajmir-Riahi, H.A. (2005). DNA Interaction with Naturally Occurring
Antioxidant Flavonoids Quercetin, Kaempferol, anel@hinidin. Journal

of Biomolecular Structure and Dynamics, 22: 6.

Keshava, N. and Ong, T(1999). Occupational exposure to genotoxic agents
Mutat Res 437: 175-194.

Kucers, A.; Crowe S.M.; Grayson M.L., and Hoy J.F.(1997). The use of
antibiotics. A clinical review of antibacterial, tdfnngal, and antiviral
Drugs, 5th ed. Butterworth-Heinemann, Oxford, Uait€ingdom, pp.
533-541.

Kuroda, Y. and Hara Y. (1999). Antimutagenicity of tea polyphenoles.
Mutation Research, 436:69-97.

Kuroda, Y. (1990). Animutagenesis studies. In: Basic Life eBces:
Antimutagenesis and Anticarcinogenesis Mechanisihs, Vol 52
(Kuroda Y, Shenkel DM, Waters MD, eds). New Yorleflm Press, 1-
22.

Kusumi, R.K.; Plouffe, J.F.; Wyatt, R.H. and Fass,R.J. (1980). Central
nervous system toxicity associated with metronitazberapy. Ann.
Intern. Med., 93:59-60.

105




Ref er ences

Lambert, B.; Lindbald, M.; Nordenskjold and Werelius, B (1978).
Increased frequency of sister chromatid exchange cigarette
smoker,Hereditas,88:147-149.

Lamberti, L.; Ponzetto, P.B. and Ardito, G.(1983). Cell kinetics and sister
chromatid exchange frequency in human lymphocyMstat. Res.,
120:193-99.

Latt, S. A. (1974). Sister chromatid exchanges induces of human
chromosome damage and repair detection by fluonescand induction
by mitomycin C. Porc. Nalt. Acad. Sie. (U.S.A.)1,:3162-3166.

Lau, A.H.; Lam, N.P.; Piscitelli, S.C.; Wilkes, L.and Danzinger, L. H.
(1992). Clinical pharmacokinetics of metronidazolend other

nitroimidazole anti- infectives. Clin. Pharmacokin23:328-364.

Legator, S.; Marvin, T.H. and Marie S. (1975). Detection of mutagenic activity
of metronidazole and Niridazole in body fluids afinans and mice.
Science . 188 :1118-11109.

Levi, G.C.; de Avila, C.A. and Neto, V.A.(1977). Efficacy of various drugs
for treatment of giardiasis. A comparative studyn.AJ. Trop. Med.
Hyg., 26:564-565.

Lindmark, D.G. and Muller, M. (1976). Antitrichomonad action,
mutagenicity, and reduction of metronidazole arfteonitroimidazoles.
Antimicrob. Agents Chemother. 10:476-482.

Littlefied, L.G.; Colyer, S.P.; Saye, A.M. and Dufan, C. (1979). Sister
chromatid exchanges in human lymphocytes exposadgl@Go to four
classes of DNA damaging chemicals. Mutat. Res252609.

106




Ref er ences

Luckey, T.D. (1982). Physiological benefits from low levels iohizing
radiation, Health Physics, 43: 771-789 .

Mandell, G.L.; Douglas, R.G. and Bennett, J.E (1990). Principles and
practice of infectious diseases. Churchill Livirayst 3: 211-1733.

Maria, L.B. (2002). Geranium and Pelargonium: History of Noaot&ture,
Usage and Cultivation.

Martin, J.L. (1987). Scented Geraniums. Brooklyn Botanic Gardenord,
Plants and Gardens, 43(1):56-57.

McEvoy, G.K. (1988). AHFS Drug information 88. Bethesda, MDnérican
Society of Hospital Pharmacists: 453-8.

Mitelman, F.; Kolnig, A.M. and Strmbeck, B. (1988). No cytogenetic
effects of quinolone treatment in humans. AntimiicroAgents
Chemother., 32: 936-937.

Morimoto, K. and Wolff, S. (1980). Cell cycle kinetics in human lymphocyte
cultures.Cancer Res., 40:1189-1193.

Morita,K.,Hara ,M. and Kada T. (1978)Studies on natural
desmutagens:screening for vegetable and fruit factactive in
inactivation of mutagenic pyrolysis products from miao
acids,Agric.Biol.Chem.,42:1235-1238.

Mowery, D.B. (1986). The Scientific Validation of Herbal Mediei, Keat
Publishing, Inc.,New Canaan Press, pp.118-119

Nakanishi, Y. and Schneider E.L(1979). In vivo sister chromatid exchange:

a sensitive measure of DNA damage. Mutat.Res. B8:337.

107



Ref er ences

Negishi, T.;Nakano, H.; Kitmura, A.; Itome, C.; Shiotan, T. and Hayatsu,
H. (1998). Inhibitory activity of chloophyllin on thgenotoxicoty of

carcinogens in Drosophila. Cancer Lett., 83:157-164

Newmark, H.L. (1987). Plant phenolics as inhibitory of mutatibraend
precarcinogenic events. Can.J.Physiol .Pharma&ml461-661.

Obe,G. and Natarajan, A.T. (2004). Introduction of Chromosome

Aberrations . Cytogentic and Genome research 108 5

OECD (1997). Organization for Economic Cooperation delelopment.
OECD Guidelines for the Testing of Chemicals, Glinse473: In vitro
Mammalian Chromosome Aberration Test, Paris, pp. 10

Ohta, T.; Watanabe, M.; Shirasu, Y. and Inoue, T (1988). Post-replication
repair and recombination in uvrA umuC strains oflesischia coli are
enhanced by vanillin, an antimutagenic compoundtaiges., 201:107-
113.

Ormand, J.E. and Talley, N.J.(1990). Helicobacter pylori controversies and

an approach to management. Mayo Clin Proc ; 65(3): 414-26.

Otter, M.; Palmer, C.G.; and Baehner, R.L (1979). Sister chromatid
exchange in lymphocyte from patients with acute pimgblastic
leukemia.Hum.Genet., 52: 185-192.

Phillips, R. and Rix, M. (1998). Conservatory and Indoor Plants Volumes 1
and 2, 33-373.

Pool-Zobel, B.(1998). Mechanisms by which vegetable consumptaoluces
genetic damage in humans. Cancer Epidemiol Biomsrkeev, Oct.
7(10): 891.

108




Ref er ences

Preston, R.J.; Dean, B.J.; Galloway, S.; Holden, H.McFee, A.F.; and
Shelby, M. (1987). Mammalian In Vivo Cytogenetic Assays: Arsa of
Chromosome Aberrations in BoneMarrow Cells. MutatiRes., 189:
157-165.

Prosperi, E.(1997). DNA replication, repair and cell cycle tamh Prog. Cell
Cycle Res., 3:193-210.

Ralph, E.D. and Kirb,y W.M.M. (1975). Bioassay of metronidazole with

either anaerobic or aerobic incubation. J Infect Dis; 132:587-591.

Ramel, C.; Alekperov, V.K.; Ames, B.N.; Kada, T. ad Watteenberg,
L.W. (1986). Inhibitors of mutagenesis and their refee to

carcinogenesis. Mutation Research, 168: 47-65.

Rauws, E.A.J. and Tytga,t G.N.J 1990). Cure of duodenal ulcer associated
with eradication of Helicobacter pylori. Lancet; 335: 1233-5.

Rawat, A.K.S.; Mehrotra, S.; Tripothi, S.C. and Shane, U. (1997).
Hepatoprotective activity of Boerchavia diffusadets a popular Indian
ethnomedicine . J. Ethno., 56: 61-66.

Roe, F.J.C.(1985). Safety of nitroimidazoles. Scand. J. Ihf&is.56: 564-
98.

Russ, V.K.(1990). Consensus of the effect of X-rays on b&agtétygie,56:
341-344.

Samajima, K.; Kanazawa, K.; Ashida, H. and Danno, G(1995). Luteolin
a strong antimutagen against dietary carcinoggmp¥2, in peppermint,
Sage and Thyma. J. Agric. Food. Chem. 43: 410-414.

Samuelson, J(1999). Why metronidazole is active against Hmdhteria and
parasites. Antimicrob. Agents Chemother. 43:1538115

109




Ref er ences

SAS (2001). SAA Guide for personal computer. Relead@.6SAS Institute
Inc., Cary, NC. USA.

Savage, J.R.K. (1979). More reliable counts of chromosomal
aberrations. Nature,56: 278- 687.

Scully, B.E.(1988). Metronidazole. Med Clin N Am; 72(3): 613-21.

Shihata, .M. (1951). A pharmacological study of angalis arvensi
M.D.Thesis, Cario University, pp. 43.

Shirashi, Y. (1978). Chromosome aberration induced in gerns adlimice.
Mutat. Res., 57:313-324.

Shirishi, Y. and Sandberg, A.A. (1980). SCE in human chromosome
including observation in neoplasia. Cancer Gengfogenet., 1:363-380.

Shubber, E.K.; Kram, D. and Williams, J. (1985).In vitro cytogenetic
damage induced in bone marrow cells in vivo cagamns. Japan. J.
Med. Sci. Biol., 38:207-216.

Shubber, E.K. and AL-Allak, B.M.A. (1986). Spontaneous frequencies of
chromosomal aberration and sister chromatid exchd8GE) in human
lymphocyte,ll, effects of serum incubation time abtbod storage

nucleus.Nucleus, 30: 21-28.

Shubber, E.K. (1987). Sister chromatid exchange in lymphocytemf

patients with Schistosoma hematobium.Mutat.Re€;93899.

Shubber, E.K; Hamami, H.A.; AL-Alak, B.M. and Khaleel, A.H. (1991).
Sister chromatid exchange in lymphocyte from irdamtith Downs
syndrome.Mutat.Res., 248:61-72.

Smolensk, S.J.; Silnis, H. and Faransworth, N.R.(1972). Alkaloid
screening.Liydia, 35:31-34.

110




Ref er ences

Soren, L.(1973). Variability of the time at which PHA [plojtemagglutinin]-
stimulated lymphocytes initiate DNA synthesis Ex@lell Res., 78
:201-208.

Stahl, E. (1969). Thin layer chromatography a laboratory thaok, second
edition, translated by Ashworth, M.R.F. spring —rag Berlin,
Heidelberg, New York.

Stranz, M.H. and Bradley, W.E (1981). Metronidazole (Flagyl 1V, Searle)
Drug, Intell. Clin. Pharm., 15(11):838-46.

Subhuti, Dharmananda, Ph.D (2000). The Pharmacology of Plant
Medicines and Herb-Drug Interactions. Nature, 9B63.

Tamarin, H.R. (1996). Cytogenetics. Principles of Genetics, 3:187.

Tice, R.; Schneider, E.L. and Rary, J.M.(1976). Bisack analysis of the
phytohaemagglutinin-induced proliferation of humaperipheral
lymphocytes .Res. 102, 232-236.

Timothy, A. (2001). The Terpene Consortium .Test Plan for &eox

Primary Alcohols and Related Ester.

Townson, S.M.; Hanson, G.R.; Upcroft, J.A., and Upoft, P. (1994). A
purified ferredoxin from Giardia duodenalis. EurBiochem. 220:439-
446.

Tracy, J.W., and Webster, L. T. (1996). Drugs used in the chemotherapy of
protozoal infections. In J. G. Hardman, and L. Enkird (ed.), The
Pharmacological Basis of Therapeutics. McGraw-Bidlok Co., New
York, N.Y.9: p. 987-1008.

111



Ref er ences

Turner, R.R.; Wakely, G.K.; Hannon, K.S. and Bell, N.H.
(1988).Tamoxifen inhibits osteoclast mediated aforption trabecular

bone in ovarian hormone-deficient rats. Endocrigp|d22: 1164-1160.

Upcroft, J. and Upcroft, P. (1998). My favorite cell: Giardia. Bioessays |,
20:256-263.

Uphof. J. C. Th. (1959) Dictionary of Economic Plant§Veinheim .

Voogd, C. E. (1981). On the mutagenicity of nitroimidazolesutisly. Res.,
6:243-277.

Wang ,Z.Y.;Chen,S.J.;Zhon,Z.C.;Athar,M.; Khan,W.A.;Bickers ,D.R.
and Mukhtar ,H.(1989).Antimutagenic activity of green tea
polyphenols. Mutat.Res., 223:273-285.

Watson, L. and Dallwitz, M.J. (1992). ‘The Families of Flowering Plants:
Descriptions, lllustrations, Identification, andfdrmation Retrieval.’
Version: 19th August 1999. http://biodiversity.uedu/delta/.

Weil J. (1990). Helicobacter pylori and metronidazoleigtesice. Lancet,
336: 1445.

Westwood. C (1993). Geranium oil. Aromatherapy (6) 2:395-9.

Younkin, L.H. (1975). In vitro response of Ilymphocytes to
phytohemagglutinin (PHA) as studied with antisertanPHA. II. Cell
cycle analyses Expl. Cell Res., 90: 374-380.

Zhang, Y.S.; Chen, Y.U. and Yn Y.U(1989). Antimutagenic effect of garlic
on (4NQO) induced mutagenesis in E. coli WP2. Muwas., 48: 227-
219.

112



Ref er ences

Zhang, Z; Yang, L. and Zhang, Q.(1991). Studies on the utilization of a
Plant SCE test in detecting potential mutagenicneggeMutat Res.,40:
675-987.

113



Ay ol jalaall

Ay 2l jalaall

U_ﬂ_ll_ul\ uaa.d ‘)MT:JL\'AAM JMM‘ MLLQS\ M\JJ(* ‘e ~)‘”t_’.h5'4 ‘“Aﬁ e hﬁc‘ﬁ}‘
4 s, 23 daalas ) GolfAg i A4S privale Al ) sl ()l A& 48 el dpdall
!

g Adall cutslul), E)Ja,.l\_(\ IAA) rlla daaa ag Sl ae ¢ (@Bl Ae g 2] ) S

e |y 31 Aaill Ay jall Aedaial) A jall J sl Rnala o jad) gl b Aalid) 2y Lo
YAF-YAYa sk 3l

Al AL mand bl 3ol g A el AL ) 53, () 499) s 5,2 (L)
Bl ) sean dlang drala aledl CulfAy il S o) ) 53S0 Al ) 481 el

113



Sunmary

Summary

The present study was designed to 8ghtlon a) the cytogenetic effects
of metronidazole and aquatic extractRdlargonium odoratisssmum (L.) soland
on laboratory miceif vivo)and in human blood lymphocytes {itro) b)chemical
analysis ofP. odoratissimum for different active compounds .

It was also aimed to investigate the rdl®.o0odoratissmum aquatic extracts
in reducing the cytogenetic effects of metronidazwl mice and human blood
lymphocytes. The examinations that conducted inemiwere mitotic index,
chromosomal aberrations in bone marrow and stuelydtal and differential count
of leukocytes, while human blood lymphocyte cultsteidies i vitro) were
mitotic index , balsto index, replecative indexster chromatid exchange and
chromosomal aberrations.

The cytogenetic effects of the drug andnp aquatic extracts were
investigated after four days of treatment in midéhwour different doses from
each. For metronidazole, they were (1, 100, 20000mg/kg ), while doses &.
odoratissimum used were(100, 200 , 400 or 800mg/kg ). The aunagons for
mteronidazole for human blood lymphocyte cultureevg.5 , 5, 10, 20, 40 or
80ug/ml), and folP. odoratissmum aqueous extract were ( 5, 10, 20, 40 80 or
100pug/ml).

An interaction between plant extract aretronidazole (high concentration)
was carried out through three types of treatmeléfofe, after and mixture of
plant extract and drug treatment) to determineatgvity of P. odoratissimum
agqueous extract in preventing or reducing the didg effects botin vitro andin

ViVO.
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The following results were obtained:

1.Chemical investigation showed that odoratissmum contains two different
classes of active compounds namely, flavonoidssaponins.

2.Metronidazole revealed clear effects, in reduemtptic activity and increased
spontaneous chromosomal aberrations in mouse barrevincells (n vivo) and in
human blood lymphocytesn(vitro) causing a reduction in mitotic index, balsto
index and replecative index and induction of sisteromatid exchange and
chromosomal aberrations. These effects were priopaftwith the concentrations;
a phenomenon, which suggested that drug, has aoyeneffect.

3. Aquatic extract oP. odoratissmum had a significant genotoxic effects at
high doses on the mouse bone marrow celis fvo) and human blood

lymphocytes cultureii vitro).

4. Aguatic extract oP. odoratissmum at low dose ,however, showed a protective
value against the genotoxic effect of metronidazblemoue bone marrow cells
and human blood lymphocyte culture, this was meon@unced in pre-treatment
and simultaneous treatment than in post-treatment.

SoP. odoratissimum aquatic extract is consider as desmutagen initsiecrder
and bioantimutagen in the second order, as a rigulls ability to repair CA and
increase MI in mouse system and in human blood houpte culture system . It
also had the ability to increase Bl and RI and dseeeSCE in human blood
lymphocytes cultureif vitro).

5. P. odoratissimum aquatic extract showed no effect on mouse bloakoleyte
differential count.

6. Metronidazole also showed no effect on mousedlieukocyte differential

count.
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