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Conclusions & Recommendations

5.1 Conclusions

1. The presence of active compounds in the root of
Glycyrrhiza glabra like saponins and flavonoids.

2. Methotrexate is shown to be genotoxic in mouse bone
marrow cells (in vivo), and human blood lymphocytes of
healthy individuals and ALL patients (iv vitro).

3. Glycyrrhiza glabra agueous extract antagonist to the
genotoxic effects of methotrexate in mouse bone marrow
cells.

4. Methotrexate induces the abnormalities in sperm
morphology, while Glycyrrhiza glabra extract are useful
In reduction the percentage of abnormalities caused by
genotoxic drug (MTX).

5. In blood film test, the total number of white blood cells
reduced as a result of methotrexate treatment, while the
extract has the induction activity.

6. The pre treatment with extract is more effective than post
treatment in decreasing the genotoxic effects of
methotrexate.

7. Cytogenetic parameters (BI, MI, RI, SCE and CA) are
appropriate in evaluation of the disease picture of ALL.
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Conclusions & Recommendations

5.2 Recommendations

1. Evaluation of DNA metabolizing enzymes like
dihydrofolate reductase in ALL cells.

2. Further studies are needed on the effect of methotrexate
and Glycyrrhiza extract on sperm mobility.

3. Detection the effect of methotrexate and Glycyrrhiza
extract on other immunological functions like

phagocytosis.
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1.1: Introduction

Herbal and traditional medicines have been used fo
thousands of years to improve human health, angl hhee been
proven to have both medicinal and nutritional valdesenberget
al., 1993).

A variety of herbs and herbal extracts containfedent
phytochemicals, including the flavonoids, terpesoidignans,
sulfides, polyphenolics, cartenoids, coumarinspeays, and plant
sterols with biological activity that can provideetapeutic effects
like reducing high blood cholesterol concentratjorsome
protection against cancer, and stimulate the immggstem
(Farrell, 1985). Today herbal preparations are lyidesed for a
host of common ailments and conditions, such aganxarthritis,
cold, coughs, constipation, fever, headaches, tiofex;, intestinal
disorders, stress, ulcers, and weakness (Tyled)198dditionally
the plants have served humans well as valuable coemts of
seasonings, beverages, cosmetics, and dyes. Th&l \Wealth
Organization (WHO) estimated that 80% of the esuithhabitants
rely on traditional medicine for their primary hiémlcare needs,
and most of this therapy involves the use of p&tacts or their
active components like salicylic acid (a precursdr aspirin)
obtained from willow tree barkSlix alba) to help relieve fevers
(Bruneton, 1995).
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Several commonly used herbs have been identifiedhby
National Cancer Institute (NCI) as possessing qargereventive
properties, these herbs include members of theurABi family;
members of the Labiatae family; members of the ibi@gceae
family; licorice root; green tea and others (Caragay, 1992).

Leukaemia is a progressive, malignant deseasthe blood
forming organs, characterized by distorted praodifen and
development of leukocytes and their precursorshan lllood and
bone marrow, which can be classified clinically the basis of
duration and character of disease into (a) acutkealemia and (b)
chronic leukaemia (Goldmen and Tarig, 1999).

Cytotoxic chemotherapeutic agents, commonlyedusin
combination with radiation, are the standard therégr acute
lymphoblastic leukaemia and both of these two mbdal are
known to be mutagenic and carcinogenic (Andersbraé., 1972),
so theGlycyrrhiza glabra L was one of the plants that has been
studied as antitumour plant, and this belong tsoliquiritigenin,
one of the components in the root of the pl@atglabra is a
member of flavonoids, which are known to have at-tamour
activity in vitro andin vivo (Kanazaweet al., 2004). Other studies
have shown that glycyrrhizin triggers an immunepogse against
tumours (Suzuket al., 1992). Also its components have proved to

be effective over a wide spectrum of diseases tlmrsimple sore
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throat and cough to human immunodeficiency viruslVjH
infection (Hatanoet al., 1991). But an over dose can result in
hypertension, hypokalemia (low serum potassium)diuso
retention, and edema (Snow and Joanne, 1996).
Aim of study :

The aimis to select the antimutagenic effectsGglabra in
vivo and in vitro by employing the following parameters:
1. Preparation of water extract froB glabra roots for detection
of some classes of active compounds in this extract
2. Studying the cytogenetic effects of this extitactusing (mitotic
iIndex and chromosomal aberration) in mouse boneawacells
(invivo) and in human blood lymphocytas yitro).
3. Study the efficacy of antileukaemia drug metkdite (MTX) in
the induction of cytogenetic damagevivo in mouse andn vitro
on human cells from normal and leukaemic patients.
4. Studying the ability o6Glycyrrhiza aqueous extract in reducing
the genotoxic effects of treatment with MTX.
5. Influence ofGlycyrrhiza aqueous extract and MTX on sperm
head and tail morphology in mouse.
6. The effect ofGlycyrrhiza extract and MTX on total and blood

differential count of leukocytes in mouse.
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2.1 Glycyrrhiza glabra

Glycyrrhiza glabra or licorice is a perennial herb found in
temperate regions, the stoloniferous root has besed as a
medicinal and flavoring agent for over 3000 yea®sdw and
Joanne, 1996).

Glycyrrhiza belongs to Fabaceae family that includes more
than 600 genus and 1300 species (Trease and E1@83) and
Glycyrrhiza genus includes about 14 species (Grieve, 1995).

The nameGlycyrrhiza comes from Greek word meaning
"sweet root". Glabra, the species name means "s$rhoan
reference to the smooth seed pods (Tgtiet., 1988).

In the Chinese book, 365 crude drugs are clasdifiedthree
classes (upper: Plants with lowest side effects rmom toxic for
health care; middle: Plants that are non toxicasspss only weak
toxicity; lower: toxic and only for clinical useqnd the licorice is
described as belonging to the upper class (Nomuodh Fukai,
1998).

2.1.1: Description

The plant is a herbaceous perennial, it is 1 to Righ on a
long sturdy primary taproot and this taproot is rh5tong and
subdivides into 3 to 5 subsidiary roots that issinan length, and
several horizontal woody stolons which may reach &meo the

stems are sturdy, erect, and branched, while tlawete are
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alternate, odd pinnate and 10 to 20cm long and #neyin 3 to 8
pairs, the flowers are 1 to 1.5cm long that isdkluio pale violet,
however, the fruit is a pod 1.5 to 2.5cm long ant $6mm wide
and usually has 3 to 5 brown, reniform seeds(Fig@ré)

(Gruenwaldet al., 1998).

Figure2-1: Glycyrrhiza glabra (Lange,1998)
2.1.2: Distribution
The plant is widely distributed in Eurasia, inclgli the

Mediterranean region, India, East Central Asia ahNestern
Siberia (Lange, 1998). The plant requires richssamd grows in
subtropical climates so it is indigenous to Turkéwgg, Spain,
Greece and northern China (Davis and Morris, 198i)raq, the
plant is widely distributed in all regions from tlorto south
(Townsend and Guest, 1974).
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2.1.3: Chemical Components

Since licorice roots have been widely used foraaety of
purposes, the chemical constituents were the disbic many
investigations (Nomura and Fukai, 1998). The chakmic
components oGlycyrrhiza can be described as the following:
a: Triterpenoid Saponins

The most prominent is the water — soluble triteqi@n
glycoside glycyrrhizin (GL), the root content ofishcompound
varies from 2%-4% depending upon growing conditiansl this
compound is responsible for the characteristic swaste of
licorice (50 times sweeter than sucrose) as wetbasnost of the
herb pharmacological activity (Tyler, 1994). Oth&aponins in
Glycyrrhiza are, liquirtic acid, glycyrrhetol, glabrolide, and
phytosterols (Hoffmann, 1996).
b.Phenolic compounds
1: Flavonoids and Isoflavonoids

The flavonoids irGlycyrrhiza are responsible for it is yellow
colouring and they include liquirtin, isoliquirtinljguirtigenin,
licoflavonol, glabrone, and glysarin (Evans, 1989; Hoffmann,
1996), glabridin, glabrene, hispglabridin A, andgdglabridin B
(Asadaet al., 1998).
2: Coumarins

Coumarins are phenolic compounds, include ligoumari
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umbelliferone, and herniarin (Tawadgal., 1990).
C: Volatile oils

More than 80 compounds were identifieddlycyrrhiza such
as fenchone, linalool, and benzaldehyde (Hoffmanaage).
D: Sterols

Types of sterols are: Beta — sito sterol, stigerast and
dihydrostigmasterol (Tylegt al., 1988).
E: Nutritional Constituents
2 Vitamins: B, B,, Bs, Bs, C, E, biotin, and folic acid
(Beresford, 1999).
3 Minerals: Phosphorus, manganese, iodine, chromiamal,
zinc (Grieve, 1995).
4 Others: Lecithin, starch (2%-20%), sucrose, glucbgeans,
amino acids: Asparagines (1%-2%), and gums (Tste.,
1988).
2.1.4 Medicinal uses and pharmacological action

Recent studies have revealed that the healingepiep of
licorice components could be effective against wsgectrum of
diseases like the effective treatment of pepticerdicin many
countries for hundreds of years and the antiulceugd
carbenoxolone, a succinate derivative of glycyimetacid (GA),
has become the preferred form of licorice usedrtonote healing

of ulcers (Gaudio and Carpino, 1993).



Chapter Two ....................eceveveeneeen ... Literature Review

Alcohol extracts ofslycyrrhiza have displayed antimicrobial
activity in vitro against Saphylococcus aureus, Sreptococcus
mutans, and Mycobacterium (Mowrey, 1986). Murray, (1995)
showed that the majority of antimicrobial effectse adue to
isoflavonoid components (Particularly hispaglabrjdglabridin,
glabriol, and 3-hydroxyglabrol). Also the glycyrzim was shown
to protect thermally injured mice and mice infectedh AIDS
from Candida albicanus infection (Utsunomiyaet al., 1999;
Utsunomiyaet al., 2000).

Colin-Jones, (1957) indicated that licorice hagjlbeen used
to treat a variety of inflammatory conditions suaasthma, skin
diseases (e.g., eczema), and even rheumatoidtigrtArhis anti
inflammatory action is due to flavonoid liquirtiglycyrrhitinic
acid and its derivatives (Cyong, 1982). A possiilechanism for
these anti-inflammatory effects was offered by Saikd Ishikawa,
(1986) who showed that glycyrrhizin stabilizes lssmes by
inhibiting phospholipase A activity in the lysosdnraembrane
and this preventes the release of proteolytic eezsymnd acid
phosphatases from lysosomes into damaged tissue.

Since 1980 strong evidence has accumulategostipg the
efficacy of several compounds in licorice in theatiment of many
types of viral infections (Utsunomiyet al., 1997). Glycyrrhizin

has been shown to have antiviral activity agairst human
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Immunodeficiency virus (HIV) bothn vitro andin vivo (Ito and

Nakashima, 1987). In addition, Hatano and colleag(988)

showed that several phenolic compounds isolatenh flioorice,

especially licopyronocoumarin, inhibited the cytthpa activity of

human HIV in cell culture. Other clinical and labtory studies
carried out mainly in Japan have demonstrated ffinzaey of GL

in the treatment of viral hepatitis types A, B a@d(Crance and
Levieque, 1994), and the mechanism of this antieff@ct appears
to be both direct inhibitory action on viral re@ton and function
and a stimulating effect on the host immune systenproduce
interferon, which has known antiviral effects (Eibarg, 1992).

In genetic and tumor disease study, Suzuki anceaglles
(1992) indicated that in animal and cell culture 8L and GA
have inhibitory activity against certain tumourslamice treated
with GL developed a resistance to experimentaldjuoed tumours
most likely due to stimulation of host immune systand GL
Isolated fromG. radix has an importance in treatment the patients
with hepatocellular carcinoma and liver cirrhosiglfaryaet al.,
1993; Abe et al., 1994; Arase et al., 1997). Other study by Chung
and colleagues (2000) showed that GA isolated f@Gmiabra has
inhibitory activity against human colon tumauarvitro, and it was
found that 3, 4 dimethyl — 3 hydroxychalcone exhg strongest

antineoplastic effect by inhibiting human gastraranoma cell
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proliferation in vitro (Shibata, 1994). In the same line Juan and
colleagues (1996) confirmed that herbal preparatibich consists

of eight different plants, one of therlycyrrhiza showed
significant cytotoxic and cytostatic activity onvseal tumour
lines, including U937 histiomonocytic lymphoma, prgelocytic
leukaemia HL60 and T cell leukaemia MOL T4 leukagsni

Glycyrrhiza also has expectorant and suppressant action so
chiefly used to treat the symptoms of common céldffmann,
1996).

Flavonoid components of Glycyrrhiza root exhibit
antispasmodic action (Beresford, 1999). But exgessigestion
and prolonged use of licorice led to a hyperaldosiem
syndrome and was thought to be caused by GL anda@GAthe
mechanism, however, turned out to involve the inioib of 11-B-
hydroxysteroid dehydrogenase enzyme (Honamal., 1994; Lee
et al., 1996), which controls cortisol breakdown, theutsg high
concentration of cortisol which also has a highingff for
aldosterone receptor in the kidney is responsiblestimulating
sodium and water retention as well as for the esteesexcretion
of potassium (hypokalemia) (Heidemann and Kreuzfelder, 1983;
Shintaniet al., 1992), hypertension (Gomez-Sanchez and Gomez-
Sanchez, 1992), and Pulmonary Oedema (Chamberlath a
Abolnik, 1997).
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2.2: Leukaemia

Leukaemia is a group of malignant disorders of the
hemopoietic cells, characteristically associatedhwincreased
numbers of primitive white blood cells (blasts)le bone marrow
(Edward and Bouchier, 1999), with a progressive dathl
condition most often resulting in death from anenm@morrhage
or intermittent infection (Boleet al., 1984).

The course of leukaemia may vary from faygdor weeks to
many years depending on the type of Leukaemia.ifitidence of
Leukaemia in all types in the population is appmiely 10 per
100000 per year and males are affected more fréigudmn
females in ratio about 3:2 in acute Leukaemia, i&:1chronic
Leukaemia (Edward and Bouchier, 1999).

At the present time leukaemia in Iragossidered as one of
the most important causes of death especially dfterwar in
1991 ,for this reason large numbers of studies haes conducted
and the genetic studies were one of these appredbia¢ have
been proved to be useful and vital in leukaemiaeasshes
(Martein et al., 1999).In Iraq, Al-Bayatii and colleagues (1997)
found that ALL reach a frequency of about 85% coregddo other
types of leukaemia. Other study demonstrated Hmairicidence of
ALL in Irag increased in the recent years especiafl ages
between (1-10)years (Mukheef,1999).

AR
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2.2.1: Causes of Leukaemia

The causes of leukaemia are unknown. It may ®dwim
the interaction of a number of factors:
1. Biological factors
A. Genetic factors

Specialists usually refer to genetic fextas factors that we
borne with, those that involve our genes and chsomes, for
example children born with Down syndrome whose gemaake
up is abnormal are prone to develop acute Leuka&mhiah are
due to mutations in the DNA, chromosomal transliocafcrossing
over of parts of chromosomes to others) are comthahled to
disrupt specific genes that mediate cell divisiate (Seppa, 2004).
Moreover, genetic studies of several leukaemia® haentified a
small number of genes that must be mutated in dodérgger the
development of leukaemia, in this respect the ternmogenes is
introduced which refer to these mutated DNA segeasneghose
expression plays a fundamental role in the formmadiod growth of
malignant tumours (Shovliat al., 1999.0ther genes that share in
development of leukaemia was proto-oncogene trettiiied as
normal cellular gene involved in normal cell prefition, these
genes have the potential to contribute to inducbdmmalignant
tumour when their structure or expression is afterand the

process that converts a normal proto-oncogene toamcer
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gene(oncogene) is activation ,this activation caddur as a result
of many genetic mechanisms like mutation, and clsomal
rearrangements (Bishop,1983).
B.Infection

Viruses cause leukaemia in cats and cdimémal species,
and a rare leukaemia-related cancer of lymphoaytesiults seen
in Japan and Caribbean known to be due to a vialked
retroviruses, are unusual in that they contain Ridher than
DNA and undergo replication in host cells by makammB®NA copy
which inserted in host genome (Johan, 2000).
2. lonizing radiation

lonizing radiation like gamma-ray was fivet identified as
agent associated with induction of leukaemia and become
apparent in the survivors of atomic bomb explosionsliroshima
and Nagasaki (Henshaet al., 1990).In addition, patients who
received radiotherapy for malignant disease mae lsaehance to
develop leukaemia (Goldmen and Tarig,1999).
3. Chemical factors

An unsubstantiated suggestion that benzersy e a

leukaemogen was proposed in the late nineteentluryebecause
of immunosuppressive effects for a rang of lymphamdl myloid
malignancies (Rinsky and Young, 1981). Also the osxpe to

paints, herbicides, pesticides, and chemicals #natused in a
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cytotoxic chemotherapy of various cancers may tesubh gene
mutation, which may result in leukaemia (Pel€97).
2.2.2: Types of leukaemia

Leukaemia is a cancer which affectes thaodbl forming
system of the body including the lymphatic systend done
marrow ,Two different types were recognized; acute chronic
(the medical meaning of these terms is that acidgeades run a
rapid course while chronic ones run a slow gradoarse) and the
difference between acute and chronic was obviounly in the
patients survival, acute leukaemia survived 3 mgntkhere as
those with chronic disorders would run a longerrselbut in the
appearance of the leukaemia cells (John, 2000).
* Acute leukaemia

Acute leukaemia can be considered as tardgeneous

group of disorders in which the malignant clonesarifrom
progenitors in the bone marrow or lymphatic systeesulting in
an increased number of immature non functioningdemic cells,
and the most common presentations are fever andfection
which just does not seem to clear up indicating tha immune
system is not functioning as well as it might, areesymptoms of
thrombocytopenia may be the reason for presentatidsieeding
which does not stop, easy bruising, or purpuritrasnd pressure

effects of a filled marrow may cause bone pain(B#189) .Acute
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lymphoblastic leukaemia (ALL) occurs when primitiv@ood
forming cells called lymphoblast which normally mmeg to form
lymphocytes proliferate without developing into mal blood
cells and the lymphoblast crowed out healthy blamils and
frequently collect in lymph nods to cause swellingLL is the
most commonly kinds of childhood cancer which acdmg for
80% of leukaemia cases in children under 15 yed&dsbat in
adults is rare only in persons over age of 50 (ali&my,2005)
.While acute myloid leukaemia (AML) occurs when framitive
blood forming cells called myeloblast proliferate ithut
developing into normal blood cells then the immatbrast cells
crowed the bone marrow, AML account 50% of leukaemi
diagnosed in teenagers and 80% of all acute leulkaeases in
adult (Aguaycet al.,2002).
* Chronic leukaemia

Chronic leukaemia involves the over productionbddod
cells that appear to be mature but actually ladks mnormal
functions the mature blood cells have and it isallg has slower
less dramatic course than acute leukaemia, ther2 arain groups
of chronic leukaemia, chronic lymphoid leukaemi&l(Cwhich is
characterized by production of too many apparentigture
lymphocytes in the bone marrow which seems to lig, fCLL

accounting 30% of leukaemia and it is rare in pessonder 30
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years old but its frequently increases with agavbeh (60-70)
years old, the second type is chronic myeloid leuoka (CML)
that characterized by over production of matureeappg but
defective myloid cells to the point where almost mealth cells
remain and this type account for 20% to 30% of adult
leukaemia which most frequently affects people g8@&d60) years
old (Al-Duliemy, 2005).

The mainstay of treatment of leukaemia is chenrafhe
sometimes with the addition of radiation therapy limecause of the
severity of some courses, bone marrow transplaets@metimes
necessary, also the biological therapy-using thdybmnmune
system to fight cancer, blood transfusion (red dloells, platelets)
and medications (to prevent or treat damage tor adhpstems of
body caused by leukaemia treatment) (Seppa, 2004).

2.2.3: Genetic disorders in leukaemia

Much of recent cancer research in leukaeogeneas h
revealed the presence of specific chromosomal atidies in
most human leukaemia, these abnormalities senesttblish the
precise location of the altered (Mutated) gene,oclusomal
aberration could be quantitative (abnormalities nofimbers) or
gualitative (abnormalities of structures) (Le, 1297

In CML the Philadelphia chromosome is an abnormal

chromosome which usually results from reciprocansfer of
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genetic material between chromosome number 9 anar? two
specific genes which are ABL gene that presentshoomosome 9
and BCR gene that present on chromosome 22 arb/ed/on this
translocation (t) (Rowley and Testa, 1982).

In AML the most chromosomal abnormalities resscto
AML and have very specific clinical correlations are t(8;21), t
(15;17), t( 9;11), t (8;16), inversion (16) and trisomy (4) (Le,
1997).

Two sub types of ALL are identified the B-Lineaged T-
Lineage cells, in B-Lineage ALL h¢ t(8;14) (q24;932),
t(2;8)(P12;924), and t(8;22) (q24;q11) disrupt the c-myc oncogene
while in T-inecage ALL the t(8;14) (q24;qll), t(10;14)
(q24;ql11),and t(11;14) (P13;ql1) are specifically associated with
T-cell neoplasia (Gibbons and Czepulkwski, 1992).

Chronic lymphatic leukaemia is the most common of
lymphoproliferative  disorders,therefore, the majori of
information about (CA) relates to these cases,ntlost frequent
occurring (CAs) in CLL are trisomy 12 occurring aibout one
third of cytogeneatally abnormal cases (Harrison, 1992), t(11;14)
has also been identified in 30% to 50% of lymphdialiams et
al., 1991), and the second translocation is the t(14;19) (q32;q13)
(Ohnoet al., 1990). Another CA involves in CLL is deletion3{1
(q14) that occur in 10% of CLL cases (Juliussbal., 1990).
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2.3: Methotrexate(MTX)

Methotrexate is an antimetabolite drug that agtshibiting
the metabolism of folic acid. MTX empirical formulas
CyoH2oNgOs and it is structural name N-[4-(2,4-diamino-6-
pteridinyl) methyl] methyl glutamic acid with a nealular weight
454 .4 (Klareskogt al., 2004).

Methotrexate is a yellow fluid may be given asigection
intravenously, intramuscularly or intrathecallysalit is available
as yellow tablets of 2.5mg and 10mg (Martindal€)20

The most widely used and best understood antdolat
cancer therapy is MTX which differs from the essdntitamin,
folic acid, by having an amino substituted withyaltoxyl at the 4-
position on the pteridine ring (Figure2-2), andsththange
transforms the enzyme substrate into a tight-bopdirhibitor of
dihydrofolate reductase (DHFR), a key enzyme r&glito
maintain adequate intracellular levels of reducaldtés (Allegra
and Collins, 1990).
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Methotrexate

Folic acid

(Figure 2-2): The structure of methotrexate and fat acid
(Gescher,2004)

14



Chapter Two ....................eceveveeneeen ... Literature Review

2.3.1: Clinical uses of methotrexate

Almost 50 vyears ago, MTX was developed as a
chemotherapeutic agent for the treatment of camspecially
leukaemia (Cronstein, 1997).Methotrexate has sbemn used in
the treatment of various malignancies includingeosarcoma,
non- Hodgkin's lymphoma, Hodgkin's disease, cutanducell
lymphoma, head and neck cancer, lung cancer, amasbrancer
(Jolivetet al.,1983). Subsequently MTX was found to play a major
therapeutic role in non- neoplastic diseases, gqcéa an anti-
inflammatory and immunosuppressive drug (Seitz, 9)99
Currently, MTX is commonly used to treat rheumataidhritis
(Nashet al., 1996; Weinblatt et al., 1998), graft-vs-host diseases
(Feagenet al., 2000), psoriasis, primary biliary cirrhosis, @Gno
disease, and intrinsic asthma (Genestiai., 2000).
2.3.2: Mechanism of action

Methoterxate inhibits dihydrofolate reductase(DHFRN
enzyme that is a part of the folate synthesis nodiapathway and
this enzyme (DHFR) catalyses the conversion otfalid to the
reduced folates (i.e., tetrahydrofolate) (Klareskbg., 2004). The
tetrahydrofolate is essential cofactor that donatesscarbon group
In the enzymatic biosynthesis of thymidylate andminucleotide
that is a precursor for DNA synthesis (Allegtal., 1986; Allegra
etal., 1987). Therefore, MTX inhibits the synthesis [@DINA,
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RNA, thymidylates, and proteins so, MTX is cell &y&-phase
selective, and has a greater negative effect adlyagividing cells
(such as malignant cells), and thus inhibits thewtjn and
proliferation of these cells (Klareskegal., 2004).
2.4: Cytogenetic analysis

Cytogenetic analysis is a widely employed indigatsystem
for the evaluation of physically, chemically andolbgically
induced mutations that allows for the objectiveleaton of the
genetic material damages and is a method that {sedinéct image
analysis for the chromosome damage, these anahses been
carried out usingn vivo andin vitro systems and have been proved
to be good and reliable for mutagen — carcinoggmosxre and
chromosomal aberration detection (Nakanishi and n&dler,
1979; Gebhart, 1981). Chick embryos were the first to be utilized
(in vivo) analysis (Bloom and Hsu, 1975), but later miceaee
the animals most frequently used due to their faptoduction,
small size, and easy handling (Tieeal., 1989; Haung et al.,
1990). Rabbits also have been used, but less indgu&Stetka and
Wolff, 1976). A variety of somatic and germ tissugsve been
analyzedn vivo studies including spermatogonial cells (Allen and
Latt, 1976), bone marrow cells (Karmhal., 1975) and spleen cells
(Nathet al., 1988).
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2.4.1: Mitotic index (MI)

Mitosis is the type of division in which @ll with 46
chromosomes in human or 40 chromosome in mice Eesdtwo
daughter cells, each of which also has the samebeaurof
chromosomes as in parent cells and it is the s$tqotation of cell
cycle which can be divided into four phases prophasetaphase,
anaphase, and telophase (Friedeeal., 1996).

Mitotic index (MI) was determined as a ratio oftotic cells

to interphase nuclei in 1000 cells.

Number of dividing cells
MI= x100
(Number of dividing cells + Number of non-dividiglls)

(King et al., 1982; Shubber and Al-Allak, 1986).

Mitotic index in lymphocyte cultures may be aefus and
sensitive indicator of the cellular toxicity for etmotherapeutic
agents (Lialiariset al., 1989; Lialiaris et al., 1992). Morris and
Heflich, (1984) have shown that MTX at various cemications
(3.1, 6.25, 12.5, 25 and 50nM) was testeditro and it was found
that MTX in human lymphocytes, produced: (a) reaurcof Ml at
concentration of 25 and 50nM,(b) reduction of gabliferation

rates.
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2.4.2: Chromosomal aberrations (CAS)

The increasing variety of chemicals, radiationsl arther
physical agents we are exposed to nowadays haslated the
development of many rapid, reliable assay for teection of the
mutagenicity or carcinogenicity of such agents, afethese
methods is the chromosome aberration(CA) assay lfearat al.,
1978; Ardito et al., 1980).Paul and Buul, (1977) confirmed that
physical and chemical agents have shown the abilitgduce CA.
The other purpose of the CA test is to identify ragehat cause
structural CAs in cultured mammalian cells. Strugkaberrations
may be of two types, chromosome or chromatid ardntiajority
of chemical mutagens induced aberrations of chrotgpe but
chromosome type aberration occur ,while an ineeas
polyploidy may indicate that the chemical has theeptial to
induce numerical aberration (Evans, 1976; Ishidate and Sofuni,
1985; Galloway et al., 1987). In addition CA serves to detect the
mutageneic ability for some medical drugs espacthlht has been
used in cancer treatment (Miuet al., 1983). Mondello and
colleagues (1984) have shown the effect of MTX bromosome
morphology in cultured lymphocytes, chromosome aalgga such
as gaps and breaks are observed on all the chromessand when
cells were continuously exposed to the drug, theorabsome

damage appeared to be particularly sever and apnmbortion of
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cells blocked by MTX showing anomalies mainly chetitt and
chromosome breaks-when allowed to duplicate DNA egath
mitosis.

Chromosomal aberrations occur spontaneously
(Goodenough, 1978), but chromosomes can be brokémnizing
radiation, physical stress, or chemical compouifdstoken ends
are not brought together they can remain broken ibuiroken
chromatid ends are brought into apposition there several
alternative ways in which they can be rejoinedstfirthe two
broken ends of a single chromatid can be reunsedond, the
broken end of one chromatid can be fused with tlo&dn end of
another chromatid, resulting in an exchange of rlosomal
material (Robert, 1996).

The test is most often done on human peripherabdl
lymphocytes, but established cell line like Chinefsanster Ovary
(CHO) cells may also be used (Wintral., 1998). Jensen and
Nyfros ,(1979) confirmed that the cytogenetic exaation of the
bone marrow cells must be included in the studyhef possible
chromosome damaging effect of chemical agemt@vo because
the bone marrow cells are very sensitive to chelsjicso they
represent a good indicator for the effect of chaiimcogens and
mutagens. Shubber and colleages (1985) confirmeddf7 black

mice showed spontaneous frequencies of CAs and, 8Chone
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marrow cells which increased due to the effectatimogenesis
that causes cytogenetic damage. Other studies dds® by
Shubber and colleagues showed that CAs and SCHs ¢t®u
resulted from the effect of DNA damaging agents tdase DNA
strand breaks in the treated animal (Shubber anr&halkhly,
1988; Shubber and Salih, 1988).

The malignant cells in virtually all patients whuoave
leukaemia, or lymphoma have acquired CA (Heim antlivhan,
1995). Cytogenetic changes may lead to cancer oewent such
changes are deletion, translocation, and inversmnthe former
often results in loss of tumour suppressor gerié éAd B |
translocation and inversion can be divided intoséhdound in
certain tumours (specific) and those observed ontymour from
one patient (idiopathic). (Rabbits, 1994).

2.4.3: Sister chromatid exchange (SCE)

Sister chromatid exchange (SCE) represents reampro
interchange of DNA between homologous chromatidseolable
In metaphase chromosomes (Shubber and Jafar, 2800)this
symmetrical exchanges between newly replicatednshtiols and
their sisters can be visualized cytologically imtgbrate cells if the
DNA of one chromatid is labelled with 5-bromodeoxdine (5-
BudR) during synthesis (Hagmetral., 1998).

Sister chromatid exchanges have been proposedvasya
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sensitive method for detecting mutagens and / miruagens, and
lately as a valid method for guiding and improviclgemotherapy
in vitro (Tofilon et al., 1985; Deen et al., 1986) andin vivo
(Tofilon et al., 1985; Mourelatos and Dozi-Vassiliades, 1988).

These SCE have been demonstrated to be an accurate
reflection of DNA damage botm vitro in cultured cells andn
vivo in mouse and rat bone marrow and spleen cellsndéret
al., 1979).

More importantly SCEs occur spontaneously normally
cycling human cells, suggesting a link between S(@E DNA
replication (Galloway and Evans, 1975; Crossen and Morgan,
1979), but sister chromatid exchanges can be imblbgevarious
genotoxic treatment, suggesting that SC&flect a DNA repair
process, and the cytological assessment of SCEslavperipheral
blood lymphocytes is used as an index of the mutageotential
of environmental factors (Hagmetral., 1998). So eukaryotic cells
exposed to DNA — damaging agents in G2 show eldv&EE
levels only after completing a subsequent replcatycle (Wolff
et al., 1974). After years of intensive researches, liodogical
significance and the mechanism of (SCkduction is known
(Okey, 1983).

In recent years, more attention has been devotéuketstudy

of SCE levels in relation to health and diseasd;. 8€quency was
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reported to be significantly higher in lymphocytdspatients with
ALL (Otter et al., 1979), CML (Shirishi and Sandberg, 1980) and
in patients with schistosomasis (Shubber, 1987; Shubber et al.,
1991; Juma et al., 1999).

Many halogenated pyrimidine analogues have beersssd
for the Ilabeling of DNA including bromodeoxyuridine
iododeoxyuridine,  chlorodeoxyuridine,  bromodeoxyaiyte,
chlorodeoxycytidine, and iododeoxycytidine (Dufrairi974).
When incorporated in to DNA or chromatin, 5-BudRh @puench
the fluorescence of DNA binding dyes such as 33B@chst
(Craig — Holmes and Shaw, 1976).

2.4.4: Blastogenesis index

The index is useful for measuring cellula@sponse to
mitogens in term of the induction of proliferati@®oren, 1973).

The theory that inherited this characterssare classified into
three items, one: transmitted from parent to offgprby germ
plasma, two: reproduction of an organism by buddand three:
the transformation of small lymphocytes into largetls that is
capable of undergoing mitosis (Evans and Mclea67)19

Phytohemagglutinin (PHA) is a mutagenduakong with a
minimal essential medium or RPMI-1640 medium fotiating the
lymphocytes undergo mitosis, and after stimulatioh blood

lymphocytes with PHA, the cultures soon will contaiells that
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have divided different numbers of times (MorimotoedaWolff,

1980). This heterogeneity has been explained vslgioas a
difference in cell-cycle times (Crossen and Morgd®79), or in
the times when the cells start blastogenesis lpporeting to PHA
(Younkin , 1975). Savage, (1979) indicated that Psténulated
human lymphocytes are widely used to detect chromes
damaging agents, possible human exposure to cgemscand the
Immune response of blood, the results are detdmtatie number

of cell divisions.

2.4.5: Cell cycle progression (CCP)

The 5-BduR-Giemsa technique is a useful method for
identifying, with accuracy, the percentage of caellsch have gone
through one, two or three division vitro andin vivo (Bianchi and
Lezana, 1976)In vitro CCP was found to be affected by the
medium, 5-BduR levels, and colchicine (Shubber A&k 1986).
The nomenclature utilized for the evaluation of C@&tern,
according to the number of cell cycles was (Beehal., 1983):

1. First cell division (M,):

These groups of cells have incorporatedd6M during a

single phase. The chromosomes of this phase akaapbright

under the light microscope.
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2- Second cell division (M):

This group contains cells, which incorpodafeBduR during
two "S" phases and display atypical differentiairsihg of sister
chromatids (One dull and one bright).

3- Third cell division (M 3):

These metaphases incorporated 5-BduR durhrget "S"
phases and contain 5-BduR — substituted DNA in bsigter
chromatids and half of number of chromosomes wdferential
and other half become dark.

2.4.6: Replicative index (RI)

Cell cycle progression (CCP) may be defined usang
parameter that considers, at the same time, théauof M, M,
and My metaphase cells. Many indicators were considdredthe
most suitable was the RI. This index is formulategsing the

following equation:

mi < (X%MD) + (2% %M 2) + (3% %M 3)
10C

(Lambertiet al., 1983).
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2.5: The spermatozoon structure and spermatogenesis

The spermatozoon consists of a head and a taililkedther
cells the spermatozoon is enclosed within the pdasmembrane
(Austin and Short, 1982).The shape of the spermd hea
characteristics of the species, in mouse it is hoskaped, and it is
composed of two parts, the nucleus and the acrasbheenucleus
contains a highly condensed chromatin while theosmme is
surrounded by the acrosomal membranes and coveranierior
part of the sperm nucleus; the acrosome containgnags which
are important in penetration of the egg in theilieation process
(Austin and Short, 1972; Sieger, 1997; Saladin and Porth, 1998).
The tail is divided in to a neck, middle piece,npiple piece and
the end piece. The neck connects the tail to thad hef
spermatozoon (Hafez and Hafez, 2000).

Chemineau andcolleagues (1991) showed that abnormal
spermatozoon can be classified in to five diffeidasses:
1. Tailless spermatozoon.
2. Spermatozoon with an abnormality in the headndabal
acrosome, small or narrow head, enlarged head, etc)
3. Spermatozoon with a tail abnormality.
4. Spermatozoon with a proximal cytoplasmic draplet
5. Spermatozoon with a distal droplet.

The entire process of sperm formation, ino@gg with
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spermatogonia and resulting in mature spermatozaaferred to
as spermatogenesis, the stem cells called speraragogivided
through mitosis in which some daughter cells preduitom these
mitotic divisions remain as spermatogonia and cmtito divided,
other daughter cells form primary spermatocytesuya meiosis |
giving rise to haploid secondary spermatocytes each of these
undergoes meiosis Il to produce spermatids andpkematids are

then transformed into spermatozoa (Aehbl ., 1989).
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3.1: Materials
3.1.1: Equipments and apparatus
The following equipments and apparatus were employe

throughout this study:

Z
o

Company / Country Apparatus

Memmert — Germany | Cold incubator

NAPCO - France Laminar air flow

Beckman — England | Centrifuge

Dixone — UK Autoclave

Motic — Japan Microscope

Gelson — France Micropipette

Sartorius — Germany | Electric balance

Gallenkamp — EnglandWater bath

© ©f N o g K W N

Radiometer — DenmarkoH- Meter

=
©

Griffin — England Vortex mixer

BUCHI - Switzerland | Rotary evaporator 11.
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3.1.2: Chemical materials

The following chemical materials were used in thelg:

................ Materials and Methods

seelze — Hanno - ven

Company / Country Materials No.
Sigma — USA Fetal calf serum (FCS) 1.
Rgd_io Biology _Center afPhytohaemagglutinin 2.
e o “aence &prs
Fluka — Switzerland Methanol 3.
Fluka — Switzerland Glacial acetic acid 4.
Hexal — German Methotrexate (MTX) 5.
Sigma — USA RPMI 6.
Ibn Hayan — Syria Colchicine 7.
Houde — France
Fluka — Switzerland Giemsa stain 8.
BDH — England Bromodeoxyuridine 9.
Fluka — Switzerland Glycerin 10
Sigma — USA Penicillin 11
Sigma — USA Streptomycin 12
BDH — England Hoechst stain 13
Sigma — USA Heparin 14
Ferak — German Ethanol 15
Reidal — DE Haen AGEosIn 16.
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Fluka — Switzerland KCI 17.
KH,PO,

Fluka — Switzerland HCI 18.
NacCl

Fluka — Switzerland KOH 19.
Na,HP Oy

BDH — England Sodium bicarbonate 20.

Fluka — Switzerland NaOH 21.
FeC)

Fluka — Switzerland Roshail salt 22.

Ferak — German Sulfuric acid 23.

BDH — England Chloroform 24.

LA — Chema - Russia | Nigrosin 25.

3.2: Plant Collection

Glycyrrniza glabra was collected from Al-Nahrain
University between July and August(2004), and idieat by
Proff. Dr.Ali Al-Mousawy, department of Biology, @ege of

Science , University of Baghdad.
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Roots of this plant were air dried in shade at room
temperature and grinded into powder form by usihgctac
grinder.

3.3: Chemical Preparations
1. Colchicine (Ibn Hayan / Syrian)

Colchicine was prepared by dissolving one talfléd (ng) of
colchicine in (0.5 ml) of phosphate buffer salif®Bg8) to be used
for mouse injection. Each animal was injected vaitB5 ml of this

solution in the intraperitoneal membrane (1.P) ¢Alkt al., 1977).

2. Colchicine (Houde / France)

This colchicine was prepared by dissolvore tablet (0.5
mg) of colchicine in (10 ml) of distilled water tmake a stock
solution. This solution was stored at (-20°C) unskd for human
blood culture (Alleret al., 1977).

3. Phosphate buffer saline (PBS)
This solution was prepared by dissolving tfeowing
chemicals in (1000ml) of D.W.:
Sodium chloride (NaCl) 8 gm
Potassium chloride (KCI) 0.2 gm
Sodium phosphate hydrate (P O,) 1.15 gm
Potassium phosphate dihydrate ¢R,) 0.2 gm
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The pH was a adjusted to 7.2 and the solution wedized by
autoclaving then stored at 4°C(Hudson and Hay, 1989

4. Potassium chloride (KCI) (hypotonic Solution)

A concentration (0.075 M) of this solutiorasvprepared by
dissolving 5.75 gm of KCI salt in 1000 ml of D.Whi§ solution
was sterilized by autoclaving and stored at (4°@)le( et
al.,1977).

5. Fixative Solution
This solution was freshly prepared by mixinga3tp of absolute

methanol with 1 part of glacial acetic acid (Patth®67).

6. Sodium bicarbonate (NaHCQ)
Sodium bicarbonate (4.4 gm) was dissolveddf fnl sterile
D.W. and stored at 4°C until used (Alletal., 1977).

7. Bromodeoxyuridine (5-BudR)

5-bromo-2- deoxyuridine powder (50 mg) waspended in
37.5 ml of D.W, the solution was sterilized byrhlion through a
0.2um sterile filter, distributed in sterile tubes wita final

concentration 1.33 mg / ml and stored at (-20°Qil used.
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8. Ferric chloride solution
The solution was prepared by dissolving 1feafc chloride in

100 ml distilled water. It was used for saponintedgon.

9. Leukocyte diluents solution
The solution was preaperd by adding 2 mpglakcial acetic
acid and to 98ml of distilled water, with few drops methylen

blue as indicator and stored in refrigerator at §SGod ,1986) .

10. Leishman kit
Leishman kit was supplied from Institute of&and Vaccine,
Ministry of Health /Baghdad.

11. Sodium hydroxide solution
This solution was prepared by dissolving 40 oigNaOH in
1000 ml of D.W.

12. Antibiotic solutions

Streptomycin was prepared by dissolving lgtdptomycin in
10 ml D.W., penicillin was prepared by dissolvin@g00000 unite /
10 ml D.W., both antibiotics were sterilized bytriition under

aseptic conditions (lan-Freshney, 2000).

yv



Chapter Three.............ccooiiiiinn . Materials and Methods

13. Potassium hydroxide solution
It was prepared by dissolving 50g of potassiwdroxide in

100 ml of D.W. This solution was used to detectftaeonoids.

14. RPMI — 1640 medium
This media contained the following:

RPMI — 1640 medium base 10 gm

Fetal bovine serum 10%

Penicillin 5ml
Streptomycin 5ml

Hepes 4 gm

Sodium bicarbonate 1.5%

5-BudR 1 %( 1.33 mg/ml)

The volume was completed with sterile D.W. to 1@6l0and
the pH was adjusted to (7.2), sterilized by filvatusing (0.22
um) size filter. After that 2ml of the medium waarisferred into
sterile test tubes and kept freezed till use (Naad
McCulloch,1985).

15. Giemsa stainAllen et al., 1977)
Giemsa stock solution was prepared by digsgld gm of
Giemsa powder in 33 ml glycerin in a water bath°@@or two

hours with continuous shaking, and then left form3id at room
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temperature, then 66 ml of absolute methanol wakeddwvith
continuous shaking. The solution was kept in dasklé at room
temperature.

For slide staining, Giemsa solution was preparelasy:
Giemsa stain stock 1 ml
Absolute methanol 1.25 ml
Sodium bicarbonate solution 0.5 ml
D.W. 40 ml

16. Eosin stain
This stain was prepared by dissolving 1 gedfowish eosin in
100 ml distilled water (Wyrobek and Bruce, 1975).

17. Hoechst (33258) stain

This fluorescent stain was prepared by dissor@25 gm
in 100 ml PBS (stock),2 ml from the stock was taked added to
100 ml of D.W. (lan-Freshney, 2000).

18. Phytohaemaglutinin (PHA)

Phytohaemaglutinin was obtained as frogelution from
Radio Biology Center-Ministry of Science and Teclogy then
stored at (-20°C).
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19. Fehling reagenfSarkast al., 1980)

Solution A: 35 g of copper sulfate weresdised in 100 ml of
D.W., then diluted by D.W. until volume 500 ml.

Solution B: 7 g of sodium hydroxide and 1/6f roshail salt
were dissolved in 100 ml of D.W., the volume wampteted until
500 ml by adding distilled water.

A and B solutions were mixed in equal volume. Tieiggent used
for glycosides detection.
3.4: Preparation of plant extract

The roots powder ofs. glabra was macerated with sterilized
distilled water in ratio of 1:10 (50 g of the powda 500 ml of
sterilized distilled water), the mixture was leftr {30 minutes at
room temperature, and then boiled for 60 minuted, fanally the
suspension was filtered with filter paper (Whatmhiio. 2). The
filtrate was concentrated using rotary evaporat@f0aC as shown
in (Figure 3-1) (Yoshimichet al., 1986).
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Glycyrrhiza glabra
Roots

e

Powder of roots

— =

Maceration with distilled water
(30min.)

A1

oiling (60min.)

Filtration

J
Concentrated of extract by rotary evaporator

Chemical detections

DO
Saponin  Coumarin Glycoside FlavonomA

(Figure 3-1): Diagram of water extract ofGlycyrrhiza glabra
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3.5: Detection of some active compounds iGlycyrriza glabra
roots extract

3.5.1: Detection of saponins

A:. Plant extract was shacked vigorously in a testetuthe
formation of foam remaining for few minutes indiedt the

presence of saponins (Al-Ani, 1998).

B: Five milliliters of the plant extract were added3 ml of ferric
chloride solution, and the appearance of whiteipitte indicated

the presence of saponins (Al- Khazraji, 1991).

3.5.2: Detection of glycosides
- Non-hydrolyzed extract:

Equal volumes of the plant extract and Fehlingyeea were
mixed, and then left in a boiling water bath for dfnutes, the
appearance of red precipitate indicated the presehfree sugars.
- Hydrolyzed extract:

Few drops of 10% hydrochloric acid were added tol%of
the plant extract, then left in a boiling watertb&dr 20 minutes.
The acidity was neutralized by adding few drops sodium
hydroxide solution, finally equal volume of Fehlimgagent was
added and the development of red precipitate wasdacation for

the aglycon part of the glycoside (Harborne, 1973).
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3.5.3: Detection of flavonoids

Ten milliliters of 50% ethyl alcohol were mixedtiwil0 ml
of 50% potassium hydroxide solution, then addeddwoal volume
of the plant extract. The appearance of yellow catdicate the

presence of flavonoids (Jafetral., 1983).

3.5.4: Detection of terpene

One gram of plant extract was precipitated inva feops of
chloroform, and then a drop of acetic anhydride amwhcentrated
sulfuric acid were added. The appearance of daokvib color

indicated the presence of terpenes (Al-Abid, 1985).

3.5.5: Detection of coumarins

Coumarins were detected when 3 ml of ethanol (9%/9
mixed with 1 ml of plant extract in a test tubdeen covered with a
wet filter paper with sodium hydroxide solution.€Ttest tube was
placed in a boiling water bath for 10 minutes. Titier paper was
exposed to UV-light source, the appearance of gghen yellow

color indicated the presence of coumarins (Al-Khazi991).
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3.6: Laboratory animals

Swiss male mice (132) of BALB/c, which were obtn
from Biotechnology Research Center, were used.ridg® ranged
between (8-12) weeks and weighting 23-27 gm. Thesewdivided
into 12 groups, each group was put in a separatiplcage. The
cages were put in a room with temperature (23°25The
animals were fed with a suitable quantity of waded standard

pellets.

3.7: Preparation of methotrexate
Methotrexate was obtained from Hexal Camp at a

concentration of 25 mg/ml, and from this stock #olu the
concentrations 0.6,0.8,and g/ml were prepared to be used in
mice studies. While in human blood culture studig® stock
solution (25 mg/ml) was used to prepare the foliayvi
concentrations 0.4, 2,and gg/ml, which then sterilized by
filtration and kept at (4°C) until used.
3.8:preparation of G. glabra extract

One gram of dry extract was dissolved i@ (dl) of D.W. to
make a stock solution, and from this stock the eatrations 100,
150, 200 mg/ml were prepared to be used in micdietu\While in
human blood culture studies 0.5 gm of dry extra&s$ @issolved in

100 ml of D.W., and this a stock solution, fromsthatock the
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concentrations (50, 100, and 200)ug/ml was preparedl then
sterilized by filtration and kept at (4°C) until ibg used.The
genotoxicity assay for plant extract and MiiXvivo is outlined in
(Figure 3-2).
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Plant extract/MTX

Cytogenet|c experiment arR+Drug
*Mitotic index We days +Five days
*Chromﬂsomal aberration ﬂ
Blood film Drug+Plant
*Total count *Five days +Fidays
*Differential count ﬂ
Sperms morphology Cytogenetic experiment
*Head and tail *Mitotic index
*Chromosomal aberration
Blood film
/ *Total count

*Differential count

Spermsnorphology
@ *Head and talil )
(Figure3-2):Genotoxicity assay folG.glabra aqueous extract
and methotrexatein vivo
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3.9: Administration of drug in laboratory animals
3.9.1: Methotrexate
3.9.1.1: Cytogenetic experiment

The animals in this experiment were treated witmualative
doses of methotrexate in a short time. The main afnthis
experiment is to evaluate the acute treatment €6€dMTX by
applying cytogenetic analysis and examining theibitibn in
mitotic activity and the induction of chromosomadiearation in
normal bone marrow cells. It also aim to select st suitable
concentration of MTX treatment with the highestesaffects to be
used in the next experiment.

Four groups of mice were used for this expent and treated
as follow:
Group I: Negative control (3 mice)
Treated with (0.05 ml) PBS.
Group Il: MTX treatment (3 mice)
Treated with (0.05 ml) of MTX (1.2 mg/kg)
Group lll: MTX treatment (3 mice)
Treated with (0.05 ml) of MTX (1.6 mg/kg)
Group IlIl: MTX treatment (3 mice)
Treated with (0.05 ml) of MTX (2 mg/kg).

Methotrexate was given orally for 5 successivgsdand

then the mice were scarified after five days alonth the first
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group of control mice. Bone marrow samples wereeraland
cytogenetic analyses were carried out as descriatt (See
3.11.1).

3.9.1.2: Blood film

The aim of this experiment is to evaluate the atffef
treatment of MTX on the total count of white blocdlls and
number of each type of white blood cells by appaiytotal and
differential count of leukocytes.

Two groups were taken for this experiment andté&ckas
follow:

Group I: Negative control (3 mice)
Treated with (0.05 ml) PBS.

Group Il: MTX treatment (3 mice)
Treated with (0.05 ml) of MTX (2 mg/kg).

Methotrexate was given orally for 5 days, and threce were
sacrificed after 5 days along with first group adntrol mice.
Blood samples were taken from mouse heart, ancniadyses of
total and differential count were carried out asalibed later (See
3.12).

3.9.1.3: Sperm head and tail abnormality
Animals in this experiment were treated hwiMTX to
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evaluate the abnormalities of head and tail in rsjmerm.
Two groups of mice were taken and treatefbbows:
Group I: Negative control (9 mice)
Treated with (0.05 ml) PBS.
Group Il: MTX treatment (9 mice)
Treated with (0.05 ml) of MTX (2 mg/kg).
Methotrexate was given orally for 7, 21, 35 day&nt mice
were scarified along with the first group of cohtnoice. Sperms
samples were taken from vas deferens and the expets were

carried out as described later (See 3.13).

3.9.2:Glycyrrhiza glabra
3.9.2.1: Cytogenetic experiment

This experiment was carried out to detdt genotoxic
effects of G.glabra aqueous extract in mice by applying
cytogenetic analyses (MI, CA) in normal bone mara@Ns. It also
aimed to select the most suitable concentrationGaflabra
aqueous extract to be used in next steps.

Four groups of mice were used and treassillows:
Group I: Negative control (3 mice)
Treated with (0.1 ml) PBS.
Group Il: G.glabra agueous extract treatment (3 mice)
Treated with (0.1 ml) of extract (400 mg/kg).
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Group lll: G.glabra aqueous extract treatment (3 mice)
Treated with (0.1 ml) of extract (600 mg/kg).
Group llll: G.glabra aqueous extract treatment (3 mice)
Treated with (0.1 ml) of extract (800 mg/kg).

Doses were given orally for 5 successive dayd,then the
mice were scarified along with the first group afntrol mice.
Bone marrow samples were taken and cytogenetio/samiwere

carried out as described later (See 3.11.1).

3.9.2.2: Blood film

The ability of water extract ofG.glabra to induce the
Immune system by increasing the production of whlteod cells
was the aim of this test.

Four groups of mice were used and treated as92(3).
The doses were given orally for 5 successive didngs) the mice
were scarified along with first group of control aai Blood
samples were taken from heart of mice and the aasalpf total
and differential count were carried out as desdriteer (See
3.12).
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3.9.2.3: Sperm head and tail abnormality

The purpose of this experiment was to eataluhe ability of
the water extract foG.glabra to reduce the abnormalities in sperm
morphology.

Two groups of mice were used and treatdd|ksvs:
Group I: Negative control (9 mice)
Treated with (0.1 ml) PBS.
Group Il: Glycyrrhiza agueous extract treatment (9 mice)
Treated with (0.1 ml) of extract (800 mg/kg).

The doses were given orally for 7, 21, 35 daysn thece
were scarified along with the first group of cohtnoice. Sperms
samples were taken from vas deferens and the expetriwere

carried out as described later (See 3.13).

3.10: The interaction studies
3.10.1: Treatment with Glycyrrhiza extract before the
treatment with methotrexate
3.10.1.1: Cytogenetic analysis

Three groups of mice were used and dd/mkefollow:
Group I: Negative control (3 mice)
Treated with (0.1 ml) PBS for five days then trelateth (0.05 ml)
of MTX (2 mg/kg) for five successive days.

Group II: Pre — treatment group (3 mice)
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Treated with (0.1 ml) o6.glabra aqueous extract (800 mg/kg) for
five successive days, then treated with (0.05 ni)MIX (2
mg/kg) for five successive days.

Cytogenetic analyses (Ml, CA) detecteditiigbitory effect

of extract on abnormalities in B.M cells by MTX atenent.

3.10.1.2: Blood film
Three groups of mice were used and dividad é3.10.1.1).
The mice of these groups were scarified, and tlwodl
samples were taken from mice heart for total afférdintial count

of leukocyte.

3.10.1.3: Sperm head and tail abnormality

Three groups of mice were used and dividethg3.10.1.1),
and the mice were scarified and the sperm sampbre vaken
from vas deferens to evaluate the rate of reductrorsperm

abnormalities by extract treatment.

3.10.2: Treatment with Glycyrrhiza extract after the treatment
with methotrexate
3.10.2.1: Cytogenetic analysis

Three groups of mice were used and dividefbikow:
Group I: Negative control (3 mice)
Treated with (0.05 ml) of MTX (2 mg/kg) fové successive
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days then treated with (0.1 ml) PBS for five days.
Group Il: Post — treatment group (3 mice)

Treated with (0.05 ml) of MTX (2 mg/kg) fdiwe successive
days, then treated with (0.1 ml) Giglabra extract (800 mg/kg)
for five successive days.

The mice of these groups were scarified, and boagaw

samples were taken for cytogenetic analysis (MI).CA

3.10.2.2: Blood film
Three groups of mice were used and divided as.i0(3.1).
The mice of these groups were scarified] #me blood
samples were taken from mice heart for total affer@intial count
of leukocyte.
3.10.2.3: Sperm head and tail abnormality
Three groups of mice were used and divided 43.i0.2.1), and
the mice were scarified and the sperm samples vedwen from

vas deferens to evaluate the rate of sperm abnibiesal

3.11: Cytogenetic experiments
3.11.1: Chromosomes preparation from somatic cell fothe
mouse bone marrow

The experiment was done according to (Akeal., 1977) as
follows

1. Animals were injected with 0.25 ml of colchicirie mg/ml
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intraperitoneally (I.P.) two hours before scarifyithhe animals.

2. The animals were scarified by cervical dislamati

3. The animal was fixed on it tergal side on thatamy plate and
the abdominal side of the animal and its thighargivas swabbed
with 70% ethanol.

4. The femus was taken and cleaned from the othsues and
muscles, then gapped from the middle with a foraeps vertical

position over the edge of a test tube by a stegilinge, 5 ml of

PBS was injected so as to wash and drop the bon@wan the

test tube.

5. The test tubes were taken and put in a cengifatga speed of
2000 rpm for (10 min.).

6. The supernatant was removed and (5ml) of 0.07BoMssium

chloride (KCIl) was added as a hypotonic solutidment the tubes
were put in incubator at (37°C) with shaking frame to time.

7. The tubes were centrifuged at 2000 rpm for (1)mn

8. The supernatant was removed and the fixativatisol was

added (as drops) on the inside wall of test tubi wontinuous
shaking, the volume was fixed to (5 ml) and thetents were
shake well.

9. The tubes were kept at 4°C for (30 min.) tattiz cells.

10. The tubes were centrifuged at 2000 rpm for 1. nihe

process was repeated for times and the cells ws@eaded in (2
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ml) of fixative.

11. By a Pasture pipette,a few drops from tube wrapped
vertically on chilled slide from a height of 3 festta rate of (4-5)
drops to give the chance for the chromosomes teaspmvell.
Later, the slides were kept to dry.

12. The slides were stained with Giemsa stain afidfor (15
min.), and then washed with D.W.

13. Three slides for each animal were preparedcytogenetic

assays.

3.12: Blood film (Catalano, 2002)

3.12.1: Total count of leukocytes

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

2. A diluting solution (19@ul) was pipetted into test tube.

3. The heparinized blood (i) was pipetted and mixed well with
diluting fluid for at least 2 minutes.

4. The hemocytometer was sited up with its covasgin position,
and by Pasture pipette, both sides of the hemomtemvere filled
with the diluted blood.

5. The cells were allowed for two minutes to belaset

6. The cells were count in the four large squaredath sides of

chamber using the 40x objective and subdued light.
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7. The WBCs were calculated on the basis of cellsnted,
counted area, and the dilution factor.
No. of cells (cells/mmblood) = no. of cells in four square xcorrect

volume x correct dilution /4

3.12.2: Differential count of leukocytes

1. A small drop of heprinazed blood was put onéhd of clean,
dry slides. A pusher slide was place at an angk0dfto 45° to the
slide and then moved back to make contact withdiop. The
forward movement of the pusher spreads the bloati@slide.

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

3. The slides were completely covered with Leishmtain and
after 3 minutes the slides were washed gently Wwigéshman

buffer and then examined under light microscope.

No. of cells (cells/mmblood) = (Total no. of leukocyte x Cells %)
/100
3.13: Sperm head and tail abnormality

The experiment was done according to (Cheauret al.,
1991).
1. The animals were scarified by cervical dislamatiand fixed on
it tergal side on the anatomy plate and the abdainside of the

animal was swabbed with 70% ethanol.
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2. The caudal epididymis was cut and placed in i mish
containing (2 ml) of PBS and minced by using miarggal
scissor and forceps.

3. Three drops of eosin stain were placed on thaneld and dried
slide.

4. One drops of diluted semen were added on tde sind mixed
with the stain for (10 sec).

5. The mixture was left to stand for about (50 )sec.

6. The mixture, semen + colorant was spread undercand slide
or cover slip by drawing a film of the mixture asinly and
regularly as possible.

7. The slides were left in the warm place to dsntlexamined by

the microscope.

3.14: Human blood lymphocyte culture

The blood from healthy persons were colli@ecgaadomly from
the students at Al-Nahrain University , their agaged between
(18-20) years , (5 ml) of blood were collected ippérinizied
syringe. Five samples of human blood were collettedxamine
the three different concentrations of MTX (0.4 ,ahd4 ug/ml)
then selection the most harmful concentration thhoitl is effects
on (BI,MI,RI,SCE, and CA),also these samples wearkected to

examine the three different concentrations Gflabra extract
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(50,100,and 20@p/ml on (BI,MI,RI,SCE, and CA)in order to
select the lowest side effects to be used in next $\ schematic
presentation such procedure is outlined in (Fig483.

While the samples for leukaemia of (ALL) tywere collected
from Baghdad Teaching Hospital, five samples ofoldlavere
collected from patients their age range betweer2(M)Syears, and
cytogenetic analyses (BI,MI,RI,SCE, and CA) wergied out on
the most harmful concentration of MTX(@/ml) and on the lowest
side effects concentration @.glabra extract(5@g/ml) after 72

hours of incubation.

oA



Chapter Three.............ccooiiiiinn . Materials and Methods

| uman blood lymphocyté I

Normal } [ Leukaemia(ALL) }

.

[ Mitotic index }
4 N\
Chromosomal aberration
G J
4 N\
Blast index
G J
4 N\

Replicative index

Sister chromatid exchanges

(Figure3-3):Antileukaemia potency forG.glabra aqueous
extract and methotrexatein vitro
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3.15: Experimental design
3.15.1: Normal blood

Seven groups from healthy persons were usetyfogenetic
analyses of human blood lymphocytes:
Culture No. 1: Negative control.
Culture No. 2: Positive control (Oiyg/ml of MTX).
Culture No. 3: Positive control (@/ml of MTX).
Culture No. 4: Positive control (gg/ml of MTX).
Culture No. 5G.glabra extract (5Qug/ml of extract).
Culture No. 6G.glabra extract (10Qug/ml of extract).
Culture No. 7G.glabra extract (20Qug/ml of extract).

3.15.2: Leukaemia

After choice the best concentration of watdrast and MTX,
three groups were used in this experiment andetiiead follow:
Culture No. 1: Negative control.
Culture No. 2: Positive control (4g/ml of MTX).
Culture No. 3G.glabra extract (5Qug/ml).

3.16: Cytogenetic analysis of human blood Ilymphocgs
(Shubber, 1987)
1. Human blood was collected in a heparinized ggin

2. (0.25ml) of peripheral blood was added into tebe containing
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(2 ml) of culture medium (RPMI — 1640).

3. (0.25 ml) of PHA was added. The components waxed very
well and transferred to (37°C) incubator.

4. After (24) hours of incubation, different contrations of MTX

(0.4, 2, 4ug/ml) were added to each test tube (0.1 ml).

5. The test tubes were taken and put in the inoulzdt(37°C), and
shacked gently each (24 hours) one try at least. ihbubation
period was completed to (72 hours).

6. (0.1mg/ml) of colchicine was added to eachtid@st (1/2 hours)
before harvesting the cells, and gently shacked €& min.).

7. The test tubes were centrifuged at speed of 2p60for (10

min.).

8. The supernatant was removed and (5ml) of (ONYXKCI was

added as a hypotonic solution, then the test tusze left for (30
min.) in the incubator at (37°C) and the tubes waraken from
time to time.

9. The tubes were centrifuged at 2000 rpm for (1)n

10. The supernatant was removed and the fixativatiso was

added as drops on the inside wall of the test twithd the

continuous shaking, then, the volume was fixedston(), and the
contents were shaken well.

11. The tubes were transferred into the centrifaig2000 rpm for

(10 min.). The process was repeated for 3 times tthe cells
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were suspended in (5 ml) of the fixative solution.

12. By a Pasture pipette, few drops from the tuleeewdropped
vertically on the chilled slide from a height oféet at a rate (4-5)
drops to give the chance for the chromosomes teaspmvell.
Later, the slides were kept to dry at room tempeeat

13. The slides were stained with Giemsa stain afidfor (15
min.), then washed with D.W.

14. Three slides for each concentration were pegpafor
cytogenetic assays.

Another two slides for each concentration were nsthi with
Hoechst stain (33258) for the analysis of cell eymogression and

sister chromatid exchange.

3.16.1: Hoechst (33258) staining

(lan-Freshney, 2000)

1. The slides were immersed in a coplin jar Hoed3158 at a
concentration of (2@l/ml) for (10 min.).

2. The slides were transferred to a slide rack,dmog (500ul) of
2X SSC.

3. The slides were covered with 22-mm X 50-mm cehps, and
the edges were sealed with a temporary seal, sicbva gum, to
prevent evaporation.

4. The covered slides in the slide rack (cover digeing
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downwards) were placed on a short — wave UV boxintdan a
distance of approximately (4 cm) between the slialed the UV
source. The longer the pale chromatid will becoemyose the
slides for about (24-60 min.).

5. The cover slips were removed from the slidesl doe slides
were washed three times in ultra purified water \\JP(5 min.)
per wash. The slides holder was covered with alumifoil.

6. The slides were air dried in the dark.

7. The slides were stained in a coplin jar contajr3.5%. Giemsa
solution in sourensens buffer (pH 6.8) for (3-5 min

8. The slides were carefully rinsed in tap wated drained using
a paper tissue.

9. The slides were air dried on the bench for (arjyaand dipped
into xylene, 4 drops of DPX mountant were droppetbdhe slide
and a 22-mm X 50 — mm cover slip was lowered, esging any
air bubbles with tissue.

10. The slides were air dried in a fume hood owgmi

3.17: Cytogenetic analyses test
3.17.1: Mitotic index (MI) assay

The slides were examined under (40X) olfitlignicroscope,
and (1000) of divided and non divided cells werarnted and the

percentage rate was calculated for only the divioiees according
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to the following equation:

No. of the divided cells (Shubletial.,1987)
Mi= x 100
Total no. of the cells

3.17.2: Chromosomal aberration (CA) assay

The prepared slides were examined undewothenmersion
lens for 100 divided cells per each animal or bldy@phocyte
culture, and the cells should be at the metaphtsge sof the
mitotic division where the chromosomal aberratioa elear and

the percentage of these aberrations could be dstima

3.17.3: Replicative index (RI) assay

The replicative index was determined byurdmg the
number of cells at the first, second, and the timvetaphase in
(100) cells at metaphase, the Rl were calculatedrdog to the

following equation:-

(1 M,9) + (2% M%) + (3% M%)
RI= 10C

3.17.4: Sister chromatid exchang (SCE) assay
Sister chromatid exchanges were counte@%) (ell spread
second metaphases, which contained (20) pairsrofra@dsome at

least.
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3.17.5: Blastogenic index (Bl) assay
The slides were examined under (40X) of light mscape,
and (1000) cells were counted to calculate thegmage rate of

the blast cells according to the following equation

No. of the blast cells

(Al-Shawk.1999)
Total no. of the cells (1000)

3.18: The protective value of aqueous extract oBlycyrrhiza
glabra
The protective value ofG.glabra extract was calculated

according to the following equation:

A-C
Protective value ——— x100
A-B

A= (+) ve control (treatment with MTX only).
B = (-) ve control (treatment with PBS only).
C = interaction group (treatment with MTX and
G.glabra aqueous extract).
(Rawatet al., 1997).
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3.19: Statistical analyses

One way of analysis of variance was perfaltoetest whether
group variance was significant or not, the comparibetween
groups were demonstrated by analyses of variarsteAfdOVA
(Al- Mohammedet al., 1986).
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Chapter Four

4.1:

glabra extract

Results & Discussions

Detection of some active compounds iGlycyrrhiza

By using different chemical reagents andutsmhs a

detection of various active compounds Ghycyrrhiza glabra

was achieved, those were represented in (Table 4rb the

results indicated that .Gglabra contains saponins, glycosides,

flavonids, terpenes, and coumarins .

Table (4-1): Detection of some active compounds

Chemical Reagents Indication Results of
Compounds Used Detection
1.Shaking for waterl.Foaming form | +ve
Saponins | extract 2.White +ve
2.Ferric chloride | precipitate
Glycosides | Fehling Red +ve
(Before) Precipitate
Glycosides | Fehling Red +ve
(After) Precipitate
Flavonoids | Ethyl alcohol + | Yellow +ve
potassium Color
Hydroxide +plant
extract
Terpenes Plant extract Dark brown +ve
+chloroform Color
+acetic anhydride
+sulfuric acid
Coumarins | Ethanol+ plant | Greenish- yellow| +ve

extract (wet filter
paper with NaOH)

+water bath +U.V.

Color

+ve indicates the presence of the active compound.
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Chapter Four ..., Results & Discussions

4.2. Cytogenetic effect of aqueous extract oGlycyrrhiza
glabra

4.2.1: Cytogenetic effect ofs.glabra extract on mouse bone
marrow cells

4.2.1.1: Effect on mitotic index (MI)

Three doses of aqueous extract fromplaat have been
used for mice, those were (400,600,800) mg/kg, wedbest
concentration has been chosen depending on thetiodwf Ml
and reduction in CAs, and the results showed th#tese three
doses led to an increase in the mitotic index (5.8%%, and
7.2%), respectively as compared with negative cbr{&.2%),
but non significantly increase in first concentatiwhile the
increase was significant £B.05) in second and third
concentration ,as shown in (Table 4-2) .

Aburada and his partner (1983) have shdiat the
polysacchride (PLS) o&. glabra root has an important role as
inducers for immunity through the increase of tloéivaty for
T-lymphocytes by the induction of stem cells in enibone
marrow, in addition the extract contained mitogeagents in its
constituents that stimulated cell division afteatiment with this
extract (Tachipanet al., 1993).

These results were in agreement with Al-Q@b&2002),
who indicated thaiG. glabra water extract had a mitogenic

activity so could induce cell division.

A



Chapter Four ..., Results & Discussions

4.2.1.2: Effect on chromosomal aberrations

Agueous extract shows the ability to redilngespontaneous
CAs from (0.77%) in the negative control to (0.50%3%,and
0.32%)for the three doses (400,600,800)mg/kg ety
(Table 4-2).These results were significantly deéfer (F<0.05)in
comparison with control. All these reductions in hay be
related to isoflavans group (glabridin, hispagldiori A,
hispaglabridin B, 4-0- methylglabridin, isoliquigenin, and
chalcones), which act as anti —oxidant (Vagtaal., 1997),
additionly the glabridin has the ability of inhilebh of
spontaneous and induced mutations (Mitsehat., 1985).

Further evidence supporting such results nsapliserved in
mouse bone marrow (Al-khayat), (1999) in which thée of

CAs reduced after extract treatment.

14



Chapter Four

Results & Discussions

Table (4- 2): Cytogenetic effects of agueous extratom G.glabra in mouse bone marrowin vivo.

Chromosomal aberration %

Mitotic m+SE
Groups | Index % ~Chromatid | Chromosome| Acentric | Dicentric Ring Deletion | Total of
m+SE Break Break CA
Negative A A A A AB A AB A
control 5.2+0.11 0.1+0.01 0.02+0.005 | 0.12+0.01 | 0.1#0.02 | 0.06+0.01 | 0.3+0.01 | 0.7A40.01
Positive | B B B B B B B B
control 0.140.01 0.1A40.02 | 0.240.01 | 0.220.02 | 0.120.005| 0.36+0.01 | 1.31+0.02
MTX 1.840.11
400 mg/kg AC C C C A AC AC C
i'gtlrzt()::a 5.9+0.12 | 0.05t0.005 | 0.020.005 | 0.12+0.01 | 0.13t0.01 | 0.04+0.005| 0.23+0.01 | 0.59+0.01
X
600mg/kg | CD C C C B CD C D
G.?Iabtra 6.6+t0.54 | 0.05+0.01 0.01+0.00 0.1+0.01 | 0.05+0.005| 0.02-0.01 | 0.2+0.05 | 0.43+0.02
extrac
800 mg/kg D C C C B D C E
G.glabra | 72+0.34 | 0.03+0.005 0.00+0.00 | 0.09+0.01 | 0.05t0.005 | 0.00+0.00 | 0.15+0.01 | 0.32+0.005

extract

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns
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4.2.2: The effects of aqueous extract frorlycyrrhiza glabra
on sperm head and tail morphology

The results of this experiment are displayedable 4-3,
which indicated that the agueous extract from piegt had the
ability to increase the normal number of spermmf(64.5%) in
negative control to (65.67%, 73%, and 77.4%) afté?l,and 35
days of treatment, respectively, and this was 8&aant
(P<0.05) at 21, and 35 days of treatment but non-Bogmt at 7
days of treatment as comparison with negative obntr

As a result of extract treatment, the abraditras of head
and tail decreased, in head the abnormalities dseck from
(19.83%) in the negative control to (18.83%, 12%d 40.2%)
after 7,21, and 35 days of treatment, respectivaiis
reduction, however, was not significant after 7glaf/treatment
but it was significant after 21, and 35 days o&tneent, while in
tail the abnormalities were decreased from (15.6ir¢fegative
control to (15.5%, 15%, and 12.4%) after 7, 21, 8Bddays of
treatment, respectively. This reduction was nanigicant in all
periods of treatment as compared with negative rognas
shown in (Table 4-3).

Abnormalities of head and tail decreased &aflg coiled
tail, headless and broken tail, and this decrease observed
especially after 35 days of treatment in which gmerms
complete the spermatogenesis and became maturethand

reduction effect of extract on abnormalities mayrbkted to

v
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some active compounds @. glabra like isoflavans groups
which act as anti-oxidants or scavengers for fiadicals so
could cause reduction in abnormalities of spermbsvas found
that glabridin in isoflavans group was better th&paglabridin
A, hispaglabridin B, formononetion, o-methyl glabn,

iIsopropyl chalcone, isoprenylchalcone, isoliquietnin, and

chalcones as anti-oxidant compounds (Vetya.,1997).

A
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Table (4-3): Effects of aqueous extract ds.glabrain sperm head and tail morphologyin vivo

Normal Head Tail
Treatment abnormality% abnormality%
Period spermsYt m+SE m+SE
m+SE
A A A
Negative 64.5+1.27 19.83+2.07 15.641.67
Control
A A A
65.642.36 18.83t1.44 15.5+3.75
7 days
G.glabra extract
B B A
73.0+t0.57 12.0+0.57 15.0+0.57
21 days
G.glabra extract
B B A
77.4+0.28 10.2+0.11 12.4+0.17
35 days
G.glabra extract

Numbers with different letters are significantly different (< 0.05) to compressiomolumns
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4.2.3: Effects of aquous extract oGlycyrrhizaglabra on total
and differential count of white blood cells

The present study may highlight on the affeof plant
extract in the variation of production in leukocgite

(Table 4-4) shows that the different concaidans of
extract caused an increase in the total numberewkacytes,
which reached (8550, 9900, 12700) cells/cu.mm.bltardthe
(400,600,and800) mg/kg respectively after five dagé
treatment. The first concentration gave non-sigaifily
different, while the second and third concentratiorere
significantly different (R0.05) as compared with the negative
control (8050 cells/cu.mm.blood).

The effect of extract treatment on the ceilsmber of
iImmune system were represented in (Table 4-4), hwhic
indicated that the number of lymphocytes increasth \the
increasing of concentrations of extract to reach88 6039,
8255) cells/cu.mm.blood respectively. These wegnifscantly
different (0.05) as compared with negative control
(4105.5cells/cu.mm.blood).

Another type of leukocytes that effected Iextract
treatment was neutrophil, which was in normal m{2254
cells/cu.mm.blood), and inhibition in number of trephil
noticed with the increasing of the concentratioextfact (2137,
2079, 2032) cells/ cu.mm.blood but the differencaswion-

significant as compared with negative control (€ab4).

v
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Water extract o6. glabra as in lymphocytes caused an
increased in number of monocyie vivo, which reached to
(1624.5, 1782, 2413) cells/cu.mm.blood with theréasing of
concentration, this increase was not significanthat doses of
(400,600) mg/kg, while the significant increase wbesar at the
dose of (800mg/kg) when compared with negative robnt
(1529.5 cells/cu.mm.blood)(Table 4-4).

Another effect of water extract was on thember of
eosinophil and basophil that reached to zero &fatment with
the three concentrations of extract, so significdifferent
(P<0.05) was observed as compared with negative doi&0cb
cells/cu.mm.blood) of basophil and eosinophil (Eadi4).

The blood test showed an increase ial toumber of
leukocytes especially lymphocyte and monocyte, evitihe
decreasing observed in neutrophil ,basophil andephil ,all
these effects because of the active compoundbleokxtract
which have medicinal activity (Evans,1999),like pemoids
saponins  (glycyrrhizin  ,glycyrrhetinic acid ),ghsids
flavonoids ,coumarin ,polysaccharide ,volatilesojand some
minerals and vitamins which have important roles as
iImmunostimulatores (Beresford,1999),and this ineeeavas
cleared in leukoctes especially lymphocyte which d® a
regulator of immune response through it is seadnetio
cytokines which act as activator of immune systeke |

phagocytes and the induction of B-cell to producgibady

A
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(Roitt and Rabson ,2000), additionly ,the incre@mseumber of
monocytes may have important role in phagocytd@@sénbery
and Gallin ,1999) .

The effect of water extract on total numbgleukocytes
was in agreement with Al-Obaidi (2002), who showe
ability of G.glabra extract to increase the total number of

leukocytes.
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Table (4-4) Effects of aqueous extract dblycyrrhiza glabrain differential and total count of blood in vivo

Total
count No. of No.of No. of No. of No. of
Groups cells /cu. lymphocyte neutrophil monocyte eosinophil Basophil
mm.blood cells /cu. cells /cu. cells/ cu. cells /cu. cells / cu.
m+SE mm. blood mm. blood mm.blood mm. blood mm. blood
Negative A A AB A A A
control 8050+5.7 4105.5-2.75 2254452 1529.5-78.7 80.5+3.5 80.5+1.9
Positive B B B B B B
control 5100+2.3 1020.045 2448+114 510+5 561+65.5 561+15.5
MTX
400 mg/kg AC C AB A C C
G.glabra 8550+3.5 4788+106 2137A62.5 1624.5t96 0.00+0.00 0.00+0.00
extract
600 mg/kg C D AB AC C C
G.glabra 9900+4.0 6039+36 2079+65.5 1782+125 0.00+0.00 0.00+0.00
extract
800 mg/ kg D E A C C C
G.glabra 127006-2.0 8255+202.5 2032+68.5 2413+348.5 0.00+0.00 0.00+0.00
extract

Numbers with different letters are significantly different (< 0.05)

to compressiomolumns
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4.2.4: Cytogenetic effect ofG. glabra agueous extract on
human blood lymphocytes from normal individuals (No=5)

Five cytogenetic parameters were introduced touatel
the cytogenetic effects, they were BI, MI, RI, Sa1fl CA.

The first parameter was calculated to detdis
cytogenetic effect ofs. glabra extract on normal individuals
was Bl, and this calculation indicated the presdnhcrease in
Bl at the concentrations (50,100)ug/ml, and reductn Bl at
the concentration (200ug/ml), this variation wagngicant
(P<0.05) at the concentration of (50,200)ug/ml, bwegaon-
significant variation at the concentration of (100ml) as
compared with negative control, as shown in (Tdb%.

The mitotic response of human blood cells fromlthga
individuals was (2.38%). This response increased thet
concentrations (50,and 100)ug/ml  reaching (5.068ad
2.74%), while a reduction was observed in third
concentration(200pg/ml)reached (1.56%), and thoffecte
were dose dependent. These variations were signifi¢x0.05)
at the concentrations of (50,200) pug/ml, but n@midicant at
the concentration of (100pug/ml) when compared wiggative

control, as shown in (Table 4-5).

The effect of extract on (RI) in human ldoculture was

observed, which caused significant variatiog®5) in RI in

v
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the (50pg/ml), but non significant in (100,200) mb/as
compared with negative control, as shown in (Tdb&).

Sister chromatid exchanges evaluation ledethat SCE
decreased after treatment with (50,and 100)ug/mkxdfact
while SCE increased after treatment with (200ughlgxtract
but it was non significant when compared with negatontrol,
as shown in (Table 4-6).

Other cytogenetic effects of extratvitro were the decrease
In the spontaneous frequencies of (CAs) at conatotrs of
(50,and100)ug/ml, but the increase was observed at
concentration of (200ug/ml), these variations weignificant
(P<0.05) as compared with negative control, as shown i
(Table4-7).

In human the increase in concentrationgxifact led to
decrease in MI this was because of some active congs in
extract which have cytotoxic activity like B-sitesbl (Trease
and Evans, 1983), that occupied the cholesteragptec of
animal cell membrane and this could inhibit thel c@Vision
(Hayatsuet al., 1988), also Davidson and his partner (1986)
suggested that glycyrrhetinic acid (GA) and carbelene may
cause communication intracellular gap-Functional hofman
fibroblasts, so would delay proteins passing betwesdls which
have important role in cell division.

These results were in agreement with Al-Khg$809).
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Table (4-5): Cytogenetic effects of methotrexate ahG.glabraaqueous extract on human blood

lymphocytes of healthy individualin vitro.

Groups Blast Index % Mitotic Index %

m+SE m+SE
A

Negative control 42.52+1.5 2.38t0.16
B

Positive control 0.4g/ml MTX 32.18:0.4 0.76+0.15
B

Positive control Z1ig/ml MTX 29.40.9 0.26+0.03
B

Positive control 4pg/ml MTX 27.08:0.7 0.0+0.0
C

50png/ml G.glabraextract 50.54+1.3 5.06+0.5
A

100 pg/ml G.glabraextract 42 .940.6 2.740.1
D

200pg/ml G.glabraextract 33.84+0.4 1.56+0.1

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns
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Table (4-6): Effects of methotrexate ands.glabraaqueous extract on cell cycle progression on human
blood lymphocytes from healthy individualin vitro

Cell Cycle Progression % Sister
Groups Replicative m chromatid
Index % exchange %
m+SE M1 M2 M3 m+SE
Negative control AB A
1.93+1.1 37 33 30 8.2+0.2
Positive control AB B
0.4 pg/ml MTX 1.92+0.8 39 30 31 10.40.1
Positive control A B
2 pug/ml MTX 1.91+0.6 41 27 32 12+0.8
50 pg/mli B A
G.glabraextract 2.03+0.9 34 29 37 7.5+0.2
100 pg/ml AB A
G.glabraextract 1.9740.7 36 31 33 8+0.04
200 pg/ml A A
G.glagraextract 1.840.8 39 35 26 9+0.08

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns
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Table (4-7): Chromosomal aberration variation by méhotrexate and G. glabraaqueous extract
treatment on human blood lymphocyte from healthy idividual in vitro

Chromosomal aberration %
m+SE
Groups Chromatid Chromosome | Acentric Dicentric Ring Deletion| Total of
Break Break CA
_ A A A A A
Negative control | 0 04+0.003 A 0.05+0.004 | 0.01+0.004 | 0.0+0.0 0.1+0.008 A
0.0+0.0 0.2+0.008
*positive control B
0.4ug/ml MTX 81 0.04:0.004 AB A A B 8
0.08+0.004 B 0.08+0.004 | 0.16+0.003 | 0.0+0.0 | 0.16+0.003 | 0.52+0.008
*positive control C
2 pg/ml MTX €| 0.08+0.004 B A B c c
0.12+0.004 B 0.12+0.04 0.2+0.01 | 0.08+0.004| 0.24+0.004 | 0.84+0.01
50 pg/ml A
G.glabraextract D 0.0+0.0 A A A A D
0.01+0.004 B 0.03+0.004 0.0+0.0 0.0+0.0 | 0.08+0.004 | 0.12+0.01
100 png/ml A
G.glabraextract D 0.0+0.0 A A A A D
0.02+0.004 B 0.03+0.004 | 0.01+0.004 | 0.0+0.0 0.1+0.004 | 0.16+0.004
200 ng/ml D
G.glabraextract B 0.01+0.004 A A A D E
0.08+0.003 B 0.06+0.004 | 0.12+0.004 | 0.0+0.0 | 0.12+0.004 | 0.39+0.008

Numbers with different letters are significantly different (< 0.05) to compression columns
*The chromosomal aberration of MTX calculated inf@iosis because of the inhibitory effect of drughdl
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4.3. Cytogenetic effect of methotrexate

4.3.1: Cytogenetic effect of methotrexate on mouskone
marrow cells

4.3.1.1: Effect on mitotic index (MI)

Under normal experimental conditions, t@hmice have a
mitotic index of (5.2%) in their bone marrow ceflEable4-2).
This considered as a negative control.

Three concentrations of MTX have been usggositive
control (0.6,0.8,1)ug/ml, and all these concerdrettiled to the
significant reduction ($0.05) in MI of mouse bone marrow
cells as compared with negative control reachin@%z 2%,
and 1.8%), respectively, so the concentrations,{@Bgig/ml
hasn't been taken and according to this the salecte
concentration of MTX was (1pg/ml) because of itgghhi
cytotoxic effects on bone marrow cells.

These results indicated that MTX in thosange of
concentrations resulted in the reduction of Ml iouse bone
marrow cells, and this reduction was dose depentled. may
be related to MTX that limit the intracellular suppf reduced
folates (Tetrahydrofolate) through inhibition ofhgldrofolate
reductase (DHFR) and, therefore, is considered cimdu
cytotoxic effect with resultant inhibition of new NA,
thymidylate and purine synthesis so, the MTX ieh cycle S-

phase selective (Li and kaminskas, 1984).
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These results were agreed with the resuit@\leAmiry
(1999), who found that the MTX caused reductionMh of
mouse bone marrow cells.
4.3.1.2: Effect on chromosomal aberration

The spontaneous frequency of chromos@ieairation in
mouse bone marrow cell was (0.77%) which represemig
negative control (Table 4-2).

The results of this experiment indicatedt the MTX
concentration (1pg/ml) treatment could increase CAs
frequencies (chromatid break, chromosome breakntace
dicentic, ring, and deletion) (Figure 4-1), whicdached 1.31%
after five days of MTX treatment, and these resuitsre
significantly different (g0.05) from the negative control.

In cells treated with MTX, a progressaecumulation of
strand break in mature DNA (post-replicate DNA) wdasected
(Kasahareet al., 1992). Hence, DNA strand breaks arise from
spontaneous and normally repaired DNA lesions #rat not
repaired and there is also evidence that MTX imfaes the
cellular topoisomerase Il content and causes, fibvere an
increase in DNA breaks (Holdenal., 1995).

These results are in agreement with Al-Shynga004), who
indicated that the MTX had the ability to induceeth
chromosomal abnormalities especially, ring chromaso
chromosome break, chromatid break, and dicentric

chromosome.

A
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(Figure 4-1):Metaphase of bone marrow cells froouse
treated with MTX, showing : normal chromosomes (A)
,dicentric Chromosome (B), ring chromosome (C) ju@he(D)
and chromatid break (E).(100 X)
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4.3.2: The effect of methotrexate on sperm morphogy of
tail and headin vivo

The investigation of this experiment indicatbdt the MTX
had the ability to reduce the normal number of gefrom
(64.5%) in the negative control to (47.7%, 38.3%%2 after
7,21, and 35 days of treatment, respectively, amlreduction
was significant (R0.05) comprised with negative control (Table
4-8).

As a result of MTX treatment, the abnormestof head and
tail increased as in Figure4-2, in head the abnliresincrease
from (19.83%) in the negative control to (27.5%,434, and
40%) after 7, 21, and 35 days of treatment, respdygt and this
was significant (R0.05) in comparison with negative control,
also the abnormalities of tail increased from (%% in the
negative control to (24.8%, 30.3%, and 35%) afte2I7and 35
days of treatment, respectively, and this was 8&aant
(P<0.05) in comparison with negative control (15.67%%
shown in (Table 4-8).

Male reproductive function is under hormonahtrol, and
spermatogenesis process is under control of FSH and
testosterone (Seeley al., 1996), while the formation of type A
spermatogonia and conversion of primary spermagodyto
secondary spermatocyte (meiosis 1) are dependant on
testosterone and the final step of maturation @frreptids are

dependant on FSH (Ganong, 1991), so the abnorneimsp
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morphology may reflect an abnormal intratesticutaturation
as a result of drug treatment (Acostaal.,1988). Also the drug
induce an alteration in androgen secretion thaallysproduce
changes in the reproductive system, such changg# miclude
the production of abnormal sperms (Tesatilal., 1992), also
any effect on spermatogenesis leads to producticaboormal
sperms (Aralet al.,1989).
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(Figure 4-2): - Effect of methotrexate on sperm mgphology,
showing: normal sperm (A), sperm of hammer head (B

sperm of curve tail(C) (40 x)
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Table (4-8): Effect of methotrexate on sperm headral tail morphology in vivo

Normal Head Tail
Treatment period abnormality% | abnormality%
sperms% miSE m2SE
m+SE
Negative control A A A
64.5+1.27 19.83+2.07 15.641.67
7 days B B
MTX 47.7+4.04 Bl 2481.32
27.5+2.88
21 days C BC C
MTX 38.3t1.78 31.4+1.78 30.3+1.03
35 days D C C
MTX 25+2.07 40.0+2 35+1.73

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns
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4.3.3: Effects of methotrexate on total and diffenatial count
of white blood cellsin vivo

Depending on our results of untreated mike,tbtal count
of leukocytes was (8050 cells /cu.mm.blood) in rthiglood
(Table 4-4). This considered as a negative control.

(Table 4-4) have shown that the MTX (lpg/miused a
significant reduction (#0.05) in the total number of leukocytes
(5100 cells /cu.mm.blood) as compared with negatorgrol.

The effect of MTX treatment on immune respocaa be
detected by variation in normal count of lymphosyt@ur
results indicated that the number of lymphocytegebsed with
MTX treatment (1pg/ml) to reach (1020 cells/cu.miook),
this result was significantly different£B.05) as compared with
negative control (4105.5 cells /cu.mm.blood) (Tabi4).

Methotrexate also caused a decrease in nunfli@oocyte
that reached to (510 cells/cu.mm.blood), and thesult
significantly different (R0.05) as compared with negative
control (1529.5cells/cu.mm.blood) (Table 4-4).

While the number of neutrophil in treated milcerease after
five days of treatment to reach (2448 cells/cu.nmodb), this
different was non-significant as compared with riegacontrol
(2254 cells/cu.mm.blood) (Table 4-4).

The same inducing effect of MTX in neutrophilas
observed on the number of eosinophil and basoplhictw

reached 561 cells/cu.mm.blood, so it significantQiB5) in
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basophil and eosinophil as compared with negatiwverol (80.5
cells/cu.mm.blood) (Table 4-4).

This test indicated the occurring of anr@ase in the
number of leukocytes especially basophil, eosinppand
neutrophil, while a decrease observed in lymphqcyed
monocyte. One possible explanation for the actibM®dX is
the reduction in size and reactivity of the lympjytecby the
induction of apoptosis in activated T-cells (Gersgset al.,
1998), or by MTX suppressing the production of bottF and
IFN by T-cell, also the MTX treatment had the dbilof the
reduction in monocytic 1L-1 production (Chaetgal., 1992).

These results are in agreement with Genestnel his
partner (1998) who indicated the presence of immune

suppressive properties of MTX.

4.3.4: Cytogenetic effect of methotrexate on humablood
lymphocytes from healthy individuals (No.=5)

The result of blast index (Bl) of contrafstheir response
to three different concentrations (0.4, 2, and ¢j)ml of drug
MTX are presented in (Table4-5), the three-drugceoitration
reduced the Bl of lymphocytes. The degree of redoctvas
dependant on the drug concentration, and all tkidéerences
were significant (R0.05) as compared with negative control.

The mitotic index of human blood cells frohealthy
individuals was (2.38%), as shown in (Table 4-5)gradual
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inhibition in Ml was noticed after using differecbncentrations
of MTX in human blood culture, this inhibition wagoes
dependent, and the differents were significagO(B5) from the
negative control for all concentrations of MTX, thas reduction
in Ml indicated that MTX had a cytotoxic activitynohuman
blood lymphocytesn vitro.

The effect of MTX on the replicative index (RI) human
blood culture was not significant in all concentras of MTX
as compared with the negative control, as showihable 4-6).

Another effect of MTX was an increase in flegjuencies of
sister chromatid exchange (SCE) (Figure 4-4), iused
significant increase .05) in SCE percentage in comparison
with negative control, as shown in (Table4-6).

Chromosomal analysis of cultured lymphocytath WTX
revealed the increase in the frequencies of chromab
aberrations (CAs), as shown in (Table4-7), andeheereases
in (CAs) were significant (F0.05) in all concentrations of MTX
as compared with negative control, the frequencieromatid
break, deletion, dicentric and acentric chromosomese
increased depending on the concentration of MTXhiuman
blood culture, while ring chromosome and chromosdimesak
were not observed in negative control culture ,tbase types of
CAs were induced after the addition of MTX to theltare
(Figure 4-3).
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It clear that the MTX leads to cell growtthibition and
cell killing (Li and kaminskas, 1984), and this wdse to
reduction of new DNA synthesis, causes DNA fragratomhs
through inhibition of different enzyme mechanismasid this
damage in DNA would lead to an increase in the remuf
incompletely repaired lesion at the time the cedlsch S phase,
and this lesions may subsequently give rise to S@k® causes
cell — cycle delays and reduction of MI (Fingetral., 1986).

All these results are in agreement with Magkaleand
Lialiaris, (1998).
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Figure(4-3):Metaphase of human blood lymphocytes #ated with
methotrexatein vitro,showing:normal human chromosomes(A),dicentric

chromosome(B), chromatid and chromosome break(C).(100 X)
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(Figure 4-4).Cells at metaphase stage of human blddymphocytes
stained with Hoechst stain, showing:M1 cell (A),MZell with sister
chromatid exchanges (B) and M3 cell(C) (100 x).
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4.4 Interaction between aqueous extract and methmxate
In mouse bone marrow cells
4.4.1: Treatment with agueous extract before metho¢xate

The obtained results of this experimentsdn@wn in (Table
4-9). The MI of mice treated with extract beforee trug
increased to (4.1%), this result was significandifferent
(P<0.05) from the negative control (1.8%) that treateth the
drug only. So, th&. glabra extract provided (67.6%) protection
against the inhibitory effect of MTX on MI (Figu&e5b).

The percentages of CAs were reduced saamfly
(P<0.05) when water extract used before MTX treatmehich
reached (1.02%) in comparison with the negative trobn
(1.31%). So,pre- treatment wits. glabra extract provided
(54%) protection against the genotoxic effect of d(Figure 4-
5).

It could be seen th&. glabra gave striking results as a
protective agent against the genotoxic effect ofMT it was
given before MTX treatment. This might relate te fravonoids
group ofG. glabra, which may be linked with the inhibition of
microsome enzyme (activator enzyme for mutagempangiset
al., 1989). Webb and his partner (1992) shownedinen the
extract of G. glabra added to rat feed this could induce the
damage tissues to increase the level of glutatbibmnsferase
and catalase secretion to 50% that play importalet in cells

protection from mutagens through action as antexisl or
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scavengers for the free radicals in the cells.dditeon to other
active compounds of extract (GL) may act as antitagenic
compounds through the communication intracellulaap-g
functional of cells (Davidsomt al., 1986), so this compounds
would delay the transfer of MTX between cells amdited its
genotoxic and mutagenic activity (blocking ager{fi&osko et
al., 1990).

These results are in agreement with Aly&ta(1999),
who indicated that pre-treatment with glabra water extract

gave a protective effect against mitomycin C.

Ve



Table (4-9): Interaction of aqueous extract fromG.glabraand methotrexatein vivo.

Chapter Four

Results & Discussions

Chromosomal aberration %

m+SE
Mitotic Total
Index % Chromatid Chromosome| Acentric Ring Deletion Of
Groups m+SE|  Break Break Dicentric CA
Negative A A A A A A A A
Control 5.2+0.11 0.1+0.01 0.02+0.005| 0.12+0.01 | 0.1A40.02 | 0.06+0.01 | 0.3+0.01 | 0.7A40.01
Positive B B B B A B B B
1.8+0.11 0.140.01 0.140.02 | 0.2A40.01 | 0.22+0.02 | 0.12+0.005| 0.36+0.01 | 1.31+0.02
Control MTX
Before C AC A B A AB AB C
_S 4.1+0.05 0.12+0.01 | 0.05t0.005| 0.24+0.01 | 0.2+0.02 | 0.09+0.005| 0.32+0.01| 1.02+0.06
(&]
5| After D C A B A B AB D
£ 3.1+0.17 0.16+0.01 0.09+0.01 | 0.26+0.01 | 0.22+0.03| 0.1+0.01 | 0.33+0.01| 1.16t+0.02

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns
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Figure (4-5):- The protections percentage providetdy Glycyrrhiza
glabrawhen given before and after MTX treatment.
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4.4.2: Treatment with aqueous extract ofGlycyrrhiza glabra
after methotrexate.

The results of this experiment were disethyn (Table 4-
9). Post-treatment of MTX caused a significant ease
(P<0.05) in MI (3.1%) when compared with the negateatrol
(1.8%). So, the water extract @&. glabra provided (38.1%)
protection from the effect of drug on MI (Figures-

The percentage of CAs after treatment witliewaxtract
was (1.16%), this value significantly reduce<QR5) as
compared with negative control (1.31%). so, thet parsig
treatment provided (27.71%) protection from theeseiffof drug
on CAs (Figure 4-5).

From these results, it was clear that post) dreatment with
extract may activate the promoters of DNA repaiur@da and
Hara, 1999), or may increase the error-free refuetity in the
cell (Bronzetti, 1994).

Our results were in agreement with Al-KhayB99), who
indicated that, the use of water extractGfglabra after MMC

treatment provides treatment activity against tifece of MMC.
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4.5:. Interaction between aqueous extract ofGlycyrrhiza
glabraand methotrexate in mouse sperms
4.5.1: Treatment with aqueous extract before methoéxate

The result of this experiment displayed in ([€a#-10). The
number of normal sperms that treated with extrafoie the
drug increased to reach (59.5%), this result wgsifscantly
different (<0.05) from the negative control (46.2%) that trdate
with drug only. So, the extract provided (72.9%ptpction
against the inhibitory effect of MTX (Figure 4-6hbut the
percentage of head and tail abnormalities decreasetiead
abnormalities the reduction reached (20%), so tfierent was
significant (<0.05) as compared to negative control (25.8%),
that means that the extract provided (77.2%) ptoe@gainst
MTX, in tail abnormalities the reduction was sigcaint
(P<0.05) which reached (20.5%) as compared to negative
control (28%), hence the extract provided (61.2%@tgxtion
against MTX (Table 4-10).

The percentage of head and tail abnormalitestuced when
the extract was given before MTX, and this mightrélated to
antimutagenic activity of some active compoundsxdfact like
iIsoflavans and coumarins that worked as inhibitor dirug
activity (Mitscheret al., 1985).
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Table (4-10): Interaction between aqueous extractral
methotrexatein vivo
Groups Normal Head Tail
abnormality%
sperm% m+SE abnormality%
m+SE m+SE
Negative control A A A
64.5+1.27 19.83+2.07 15.6%4 1.67
Positive control B B B
MTX 46.2+0.23 25.8+0.92 28+1.15
C AlA
Before 59.5+0.57 20+0.57 20.5+1.15
Interaction
B B B
After 48.0+1.44 25+0.28 27+1.73

Numbers with different letters are significantly different
(< 0.05) to compressiorolumns
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Figure (4-6):- The protections percentage providetdy Glycyrrhiza
glabrawhen given before and after MTX treatment.
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4.5.2: Treatment with water extract after methotrexate

The results of this experiment displayed in (€a#110). The
number of normal sperms that treated with wateraektafter
the drug treatment was increased to reach (48%6)rd¢bult was
non-significantly different from the negative cait(46.2%)
that treated with drug only. So, the extract predd10.3%)
protection against the inhibitory effect of MTX (ftire4-6), but
the percentage of head and tail abnormalities dsert in head
abnormalities the reduction reached (25%), so ifferent non-
significant as compared to negative control (25.8¥ius, the
extract provided (23.6%) protection against MTXsaain tail
abnormalities the reduction were non-significanichhreached
to (27%) as compared to negative control (28%]}, iizans that
the extract provided (7.8%) protection against MBX, shown
(Table 4-10).

These results indicate that the pre-drug treatrwith extract

gave protection value more than in post-drug treatmand
showed thaitG. glabra could be used as a proliferative rather

than treating agent against MTX genotoxicity.
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4.6: Interaction between aqueous extract and methgxat in
total and differential count in vivo
4.6.1: Treatment with agueous extract before metho¢xate

Theresults of this treatment were shown in (Table %1-The
total number of leukocytes of mice treated with evagxtract
before MTX was (7600cells/cu.mm.blood), this resulas
significantly different (R0.05) from the negative control (5100
cells/cu.mm.blood) that treated with the drug on8o, the
extract provided (80.16%) protection against théildiory
effect of MTX on total number of leukocytes (Figut-7)

In this experiment the number of lymphocyteserav
increased significantly (®.05) when extract used before MTX,
which reached (3648 cells/cu.mm.blood) in comparisth the
negative control (1020 cells/cu.mm.blood) (Tabl&l3-

While the number of neutrophil decreased noni@antly to
reach (2280 cells/cu.mm.blood) as compared withitiges
control (2448 cells/ cu.mm.blood) (Table 4-11)

In this treatment the number of monocyte wéected
significantly (<0.05) to reach (1140 cells/ cu.mm.blood) as
compared with negative control (510 cells/cu.mnmobdk§Table
4-11). The significant reduction €B.05) observed also in
basophil and eosinophil number, that reached
(152,380)(cells/cu.mm.blood) as compared with negat

control (561 cells/cu.mm.blood), as shown in (Tablkl).
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It could be seen thds. glabra gave striking results as a
protective agent against the genotoxic effect ofXMT it was
given before treatment, this might related to amitageneic
activity of G. glabra, which has the ability to inhibit the activity
of mutagens and carcinogens like 7, 12-dimethybéay
anthracene, and teleocidin (Nishietcal., 1984).

These results are in agreement with Al-Khg{&99), who
showed that the water extract Gf glabra has the ability to

inhibit the mutagenic activity of MMC.,
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Table (4-11) : Interaction between aqueous extra@nd methotrexatein vivo

Total No. of No.of No. of No. of No. of
count lymphocyte neutrophil monocyte eosinophil basophil
cells /cu. cells /cu. cells /cu. cells/ cu. cells /cu. cells / cu.
Groups|  mm. mm. blood mm. blood mm.blood mm. blood mm. blood
blood
m+SE
Negative control A A A A A A
805045.7| 4105.52.75 2245452 1529.5-78.7 80.5+3.5 80.5+1.9
Positive control B B A B B B
MTX 5100+2.3 1020445 2448+114 51045 561+65.5 561+15.5
c Before A C A C C C
S 7600+1.5 3648+96.5 2280419 1140+64 380+10.5 15243
(@)
Eﬁ After A D A C CB D
= 6800+3.6 | 2671.5+176.7 2397.51.8 1096+2.5 479.5+29.1 205.5+6.3

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns
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Figure (4-7):- The protections percentage providethy Glycyrrhiza
glabrawhen given before and after MTX treatment.
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4.6.2. Treatment with agueous extract after metho&xate

The results of this experiment were displayedTable 4-
11). Post drug treatment with extract caused a ifsignt
increase (R0O.05) in total number of leukocytes (6800
cells/cu.mm.blood) when compared with negative @n{51
cells/cuumm.blood). So, the extract provided (5946
protection from the effect of drug (Figure4-7).

The numbers of lymphocytes and monocytes isecta
significantly (<0.05)to reach (2671.5, 1596) cells.cu.mm.blood
subsequently when compared with negative contrabl@ 4-
11).

While the number of neutrophil and eosinopigcreased
non-significantly, to (2397.5,and 479.5) cells/conlood as
compared with negative control, Table (4-11).

The numbers of basophil decreased signifigdR&0.05) to
reach (205.5 cells.cuumm.blood) as compared to tivega
control, as shown in (Table 4-11).

Treatment with extract before the drug prodigwotection
ratios more than these ratios when it given aftagdreatment.
So, the water extract os. glabra could be classified as
"desmutagens" in the first order, and "bioantimatdgin the

second order.
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4.7. Cytogenetic effects of human blood lymphocytérom
leukaemia patients (No.=5)

4.7.1: Cytogenetic effects ofG.glabra aqueous extract on
human blood lymphocytes from leukaemia patients

Five cytogenetic parameters were introduced touaalthe
cytogenetic background of ALL patients and contrtiey were
Bl, MI, RI, SCE and CA.

The control value of Bl from healthy indiviauwas (42.52
%), while in the ALL patients, this index decreaded(25%),
and this difference reached a significant levekO(p5) as
outlined in (Table 4-15).

The treatment of ALL patients with agqueowtract caused
a reduction in Bl that reached (23.2%), despitavéls non
significant as compared with negative control dofigga (25%),
as shown in (Table 4-12).

The mitotic response of lymphocytes obtairfiesm ALL
patients was higher than the corresponding valusontrols of
healthy (2.8 %, and 2.38%) respectively but noni§icant as
compared between them (Table 4-15).

But the MI decreased after treatment of ALLltigrats with
extract, this decrease reaches to (1.84%), so rdpsesent
significant reduction (£0.05) as compared to negative control
of patient (2.8%), as shown in (Table 4-12).

Considering the RI, although it was decreasedALL
patients compared with the control (healthy) (1.868td 1.93

14
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%), the differences failed to reach a significawvel, as outlined
in (Table 4-15).

In ALL patients, the RI increased after theatneent with
extract, this increase was significan£@05) as compared with
negative control (patient), (Table 4-13).

Sister chromatid exchange evaluation revealsat ALL
patients showed a rate of (12.2%), which was higtam
control value (healthy) (8.2%). These differencesrev
significant (£0.05), (Table 4-15).

As comparison in ALL patients, SCE were decedas
significantly (p<0.05) after extract treatment as compared with
negative control (patient), (Table 4-13).

The present study also highlight on the chromwdo
aberration, the control value of CA (healthy) wa22%0), while
in the ALL patients, this aberration increased #gigantly
(p<0.05) reach to (2.56%) (Table 4-15).

In ALL patients the decrease in CA observeeératiteatment
with extract to reach (2.14%), and this represeatsignificant
decreased €0.05) compared with negative control of patients,
(Table4-14).

In patients with ALL leukaemia, treated bloodlls with
G.glabra extract in vitro for 72hr showed cytostatic and
cytotoxic activity on cancer cells. Decreased raife cell
proliferation, increased proportion of cells in @Ghase of cell

cycle, induction of apoptosis and down regulatian bgl12
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expression, to all these reasons the extract shidwedytostatic
and cytotoxic activity on cancer cells (Yaeal., 1994).

Similar observation was observed by Juan aoiteages
(1996).

v
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vitro

Table (4-12): Cytogenetic effects of agqueous extraon human blood lymphocytes of leukaemia

Groups Blast Index % Mitotic Index %
m+SE m+SE
Negative control
2.8+0.08
25+0.7
Positive control
MTX 18.2+0.3 1.48+0.08
50 ng/ml G.glabra 1.84+0.08
extract 23.2+0.4

Results & Discussions

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns

v
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Table (4-13): Effects of methotrexate and aqueouxgact on cell cycle progression on human blood
lymphocytes of leukaemian vitro

Cell Cycle Progression % Sister
Groups Replicative m chromatid
Index % exchange %
TMESSIE M1 M2 M3 TMESSIE
Negative control A A
1.86+0.01 40 34 26 12.2+0.1
Positive control A B
MTX 1.84+0.7 44 28 28 18.8+0.2
50 pg/mi B C
G.glabraextract 2.01+0.8 33 31 36 10.1+0.1

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns

v
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Table (4-14). Chromosomal aberration variation by G.glabra aqueous extract on human blood

lymphocyte of leukaemiain vitro

Chromosomal aberration %

m+SE
Groups
Chromatid | Chromsome Acentric Dicentric Ring Deletion Total of
Break Break CA
Negative A A A A A A A
control 0.46+0.1 0.4+0.02 0.48+0.01 | 0.3+0.1 | 0.62+0.01 | 0.3+0.02 | 2.56+0.01
Positive B|B B B B B B
control 0.632+0.1 0.554t+0.03 | 0.582+0.02 | 0.536+0.1 | 0.808+0.01 | 0.352+0.02 | 3.464+0.01
MTX
50 pg/ml AlC C A A C C
G.glabra | 0.440.1 0.3+0.01 0.32+0.03 | 0.3+0.01 | 0.6+0.01 | 0.22+0.01 | 2.14+0.01
extract

Numbers with different letters are significantly different (< 0.05) to compressiomrolumns

v
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Table (4-15): Cytogenetic effects in human blood tgphocytes in acutdymphoid leukaemia and
healthy controls

Healthy No.=5 Patients No.=5
Parameters
m+SE
A B
BI 42.52-1.52 25+0.84
A A
Ml 2.38+1.34 2.8+0.1
A A
RI 1.93+0.03 1.86+0.42
A B
SCE 8.2+0.23 12.2+0.21
A B
CA 0.2+0.008 2.56+0.19

Numbers with different letters are significantly different (< 0.05) to compressiomows

A
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4.7.2: Cytogenetic effect of methotrexate on humablood
lymphocytesfrom leukaemia patients

In order to evaluate the genotoxic effect TX (anti-
leukaemia drug), the BI, MI, RI, SCE, and CA weestéd.
The first parameter was BI, the control value off®im healthy
individual was (42.52%), this value decreased Sicpmtly
(P<0.05) as compared with negative control for pat{@iatole4-
15).

This decrease continued after MTX treatment AhL
patients to reach (18.2%), and this represent feignt level as
compared with negative control (patient) (Table4-12

The examination of MI of healthy individualsdinated it
reached to (2.38%) so, it is lower than Ml of ALlatgnts
(2.8%), but failed to reach a significant levekQR05), (Table4-
15).

In ALL patients, MI decreased after MTX treatmh to reach
(1.48%) and this represents a significant diffeee(f&<0.05) as
compared with negative control of patient (2.8%gl{le4-12).

Evaluation of RI from ALL patients showed thhe RI rate
lower than RI of normal individual (1.93%). Thidfdrence was
not significant, (Table4-15).

The comparison of RI between treated and uteitedlL
patients, showed that the RI decreased after MEXtitnent to
reach (1.84%), but not significant as compared widgative

control of ALL patients, as shown in (Table4-13).

v
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Sister chromatid exchange detection indicatieat ALL
showed a rate of (12.2%), which was higher thandietrol
value of healthy (8.2%). These differences werenificant
(P<0.05), (Table4-15).

This rate of SCE in ALL patients increaseddach (18.8%)
after MTX treatment, which represented significantrease
(P<0.05) as compared with ALL control (12.2%), as shaw
(Table 4-13).

The chromosomal aberration also was one of ethes
parameters, the control value of CA (healthy) wag%), while
in the ALL patients this aberration increased digantly
(P<0.05) that reach to (2.56%), (Table4-15).

In ALL patients the increase in CA observdteraMTX
treatment reached (3.464%). This difference wasifsignt
(P<0.05) compared with negative control in patienisable4-
14).

Methotrexate is taken by cells and tissuab @nverted to
MTX — polyglutamates, which can inhibit (DHFR)enzyrthat
ultimately affects both purine and pyrimidine nuwtlde
biosynthesis, thus during the treatment of canadis cwith
MTX the malignant cells become starved for puriressd
pyrimidines which are a precursors of DNA and RN#att
required to proliferation (Budziket al., 2000), and this
decreased in MI reflects inhibition of cell — cygeogression

and /or loss of proliferation capacity ,all thisymae an early

A
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marker of cytotoxicity and genotoxicity in humanathis
generally attributed to it is binding with tubulircausing the
impairment of spindle function and chromosome sgafien

error during cell division (Onfelt,1983).

14
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Summary

The present study was carried out to shgiat on the
chemical analysis ofGlycyrrhiza glabra for different active
compounds, and on the cytogenetic effects of metkate(MTX)
and aqueous extract &f. glabra in laboratory mice(in vivo) and
human blood lymphocytdsn vitro).

The study also aimed to investigate thle wf G. glabra
aqueous extract in reducing the cytogenetic effeftdTX in
mouse through the parameters mitotic index, andmbsomal
aberration in bone marrow, the total and diffe@ntounts of
leukocytes, and sperm head and tail morphology. chhegenetic
analyses were extended to include blast index, timitmdex,
replicative index, sister chromatid exchanges ahbraosomal
aberrations in human blood lymphocytesvitro as a result o6.
glabra agueou®xtract and MTXreatment.

The cytogenetic effects of the drug ananplextract were
investigated after five days of treatment in micéhwhree doses
for each. For MTX, the doses were 1.2, 1.6, andyikg) while the
doses ofs. glabra were 400, 600, and 800 mg/kg.

Using human blood lymphocyte (72hour) adiuhe tested
concentrations of MTX were 0.4, 2, and 4 ug/ml, éords. glabra

agueous extract were 50, 100, and 200 pg/ml.



Summary

An interaction between plant extract and MWWXs carried out
through two types of treatments (before, and aft€X treatment)
to determine the activity db. glabra aqueous extract in reducing
the drug side effecis vivo.

The following results were obtained:

1. Chemical analyses showed tfatglabra roots contain
different active compounds such as saponins andrilads.

2.Methotrexate revealed clear effects irnuoaty mitotic index
and increased chromosomal aberrations in mouse bwareow
cells. In human blood lymphocytes, the drug cawseelduction in
blast index, mitotic index, replicative index, wdilthe sister
chromatid exchanges and chromosomal aberrationse wer
increased.

3.Aqueous extract @. glabra had a genotoxic effects at high
doses in human blood lymphocytes culturev{tro).

4. Methotrexate in human blood lymphocytes from pasevth
leukaemia(ALL) caused reduction in blast indemitotic index,
replicative index, but the increasing observed hromosomal

aberration, and sister chromatid exchargestro.

5.In human blood lymphocytes of leukaemia pasiéin vitro),
extract caused reduction in blast index, mitoticlex sister

chromatid exchanges, and chromosomal aberratior, tha



Summary

Increasing observed in replicative index, except ¢cbncentration
(200pg/ml) because of its genotoxic effect.

6.Agueous extract @. glabra at high dose, however, showed a
protective value against the genotoxic effect of Mih mouse
bone marrow, this was more pronounced in pre-treatnthan
post-treatment.
7. Treatment withGlycyrrhiza glabra extract led to increase in the
total and differential count of leukocytes, througlereasing the
number of lymphocytes and monocytes.
8.Methotrexate revealed clear reduction in thealtoand
differential count of leukocytes by the reductionlymphocytes
and monocytes number, while  neutrophils, basophdad
eosinophils were increased.
9.The induction in the abnormalities of sperm head tail
morphology were observed in MTX treatment especiafter 35
days of treatment.
10.Treatment withG. glabra agueous extract resulted in reduction
of sperm abnormal morphology especially after 35/sdaf

treatment.
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