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Summary

The study was conducted to evaluate some immunological (total and absolute
counts of leucocytes), cytogenetic (mitotic index of bone marrow cells,
micronucleus formation in bone marrow cells and sperm-head and- tail
abnormalities), biochemical (aspartate amino-transferase; AST, alanine amino-
transferase; ALT and alkaline phosphatase; ALP), histopathological (liver) and
antitumor (human cervical cancer; HeLa and Rhabdomyosarcoma; RD cell lines
and a normal cell line; mouse embryo fibroblast; MEF) effects of agrimony
(Agrimonia eupatoria L.) extracts (aqueous and methanol), and their effects on
carbon tetrachloride (CCl,)-induced acute hepatic injury, in albino male mice.
Additionally, a chemical detection of flavonoids, tannins, alkaloids, glycosides and
saponins was carried out and furthermore, flavonoids were detected by a thin layer
chromatography (TLC) method. Such evaluations were carried out through three
stages.

In stage I, three doses (1.0, 2.0 or 3.0 mg/kg) of agrimony extracts and a single
dose (3.2 mg/kg) of CCl,; were investigated. The tested materials were injected
intraperitoneally as a single dose (0.1 ml) per a day and for 6 days, and then the
mice were sacrificed on day 7 for laboratory assessments. In the case of CCly, it
was injected subcutaneously as a single dose (0.1 ml) for one a day, and then the
mice were sacrificed in the second day. In stage Il, interactions between the ideal

dose (3.0 mg/kg) of each extract and CCl, were carried out. In such interactions,



the animals were given CCl, on day one, while the plant extract was given in day 2
till day 6 (single dose/day), and then, the animals were sacrificed on day 7 for
laboratory assessments. In stage Ill, the percentage growth inhibition (PGI) of five
plant concentrations (6, 12, 24, 48 and 96 pg/ml) were assessed in vitro using two
tumor cell lines (HeLa and RD) and one normal cell line (MEF).

Chemical detections of agrimony extracts revealed that the aqueous extract
was positive for flavonoids, tannins and phenolic compounds, while the methanol
extract was positive for flavonoids, and tannins. The TLC analysis showed that the
aqueous extract manifested four types of flavonoids (rutin, kaempferol, quercetin,
isorhamnetin and myricetin), while in the methanol extract five flavonoids were
detected (rutin, myricetin, azoleatin, vitexin and iso-orientin).

The results revealed that CCl,-treated animals showed significant decreased
counts of total and absolute counts of leucocytes, Furthermore, significant
increased percentages of induced micronucleus formation and sperm-head and-tail
abnormalities and a significant decreased mitotic activity of bone marrow cells
were also observed. In contrast, the aqueous and methanol extracts of agrimony
were significantly effective in enhancing the values of the investigated parameters,
especially the mitotic index, which showed a significant increase, and the
spontaneous micronucleus formation and sperm-head and-tail abnormalities, which
showed a significant decrease. However, these effects were dependent on dose and

type of extract.



The results of interactions between CCl, and both agrimony extracts
confirmed the forthcoming effects of the plant, and the two extracts were
significantly effective in modulating the immune suppressive and mutagenic effects
of CCl,, although the effects were also subjected to the dose, type of extract and the
parameter of evaluation.

Histopathological examinations of liver sections of animals treated with CCl,
showed marked degenerative areas and necrosis of hepatocytes. Moreover,
significant increased serum levels of liver function enzymes (AST, ALT and ALP)
were observed in the treated animals. In contrast, biochemical parameters
demonstrated the hepatoprotective effect of agrimony extracts through decreasing
or normalizing the serum level of these enzymes and repairing the induced cellular
damage of liver. However, a histopathological examination of liver sections was
still showing some of the CCl,-induced hepatic histological damages.

The results of stage Il revealed that the five concentrations of the plant
extracts showed anti-tumor properties in a concentration-dependent manner, and
the methanol extract recorded better values of PGI than aqueous extract in HelLa

and RD cell lines, while, less PGI values were recorded in the MEF cell line.
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Chapter One
Introduction and Review of Literatures

1.1 Introduction

Herbal medicines derived from plant are being increasingly utilized to
treat a wide variety of diseases in folkloric medicine and accordingly,
interest in the pharmacological evaluation of various plants shows a progress
worldwide, although a little knowledge is available about their mode of
action (Gupta, 2004). The use of plants as medicines dates from the earliest
years of man’s evolution, and they not only provided food and shelter but
also served the humanity to cure different ailments. In this regard, the world
health organization (WHO) reported that about 75% of the world populations
relies upon traditional remedies (mainly herbs) for the health care of its
people (Calixto, 2005). This is reasoned by the fact that medicinal plants
have advantages (low cost and less side effects) over the conventionally used
drugs, which are expensive and known to have harmful side effects (Ateyyat,
et al 2009).

A larger number of these plants, plant extracts, plant derivatives and/or
their isolated constituents have shown beneficial biological effects; including
immunomodulatory, anti-oxidant, anti-inflammatory, anti-mutagenic, anti-
carcinogenic and anti-microbial effects (Huffman, 2003). Modulation of
immune response by using medicinal plant products has become a subject of
scientific investigations, which revealed that several plants have important
secondary metabolites that can interfere with different immunological
functions; for instance, activation of humoral- and cell-mediated immune
responses, which are crucial for the integrity of immune system against
invading pathogens or a carcinogenic transformation (Arokiyaraj et al.,
2007). Their secondary metabolites have different structures that correlate

with different chemical terminologies (flavonoids, alkaloids, tannins,
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glycosides and others), and therefore they may have different functions with
regard to their biological potentials (XD et al., 2008).

In Iraq, the list of medicinal plants that have been investigated for their
anti-mutagenic, anti-carcinogenic or immune stimulant potentials is in a
progress. Examples include Hibiscus subdariffa, Glycyrrhiza globra, and
Aremisia herba-alba (Al-Khayat, 1999; Al-Obaidi, 2002), Allium sativum
(Ad'hiah et al., 2004), Salvia officinalis (Al-Ezzy, 2006), Origanum vulgare
(Al-Berikdar, 2007), Alhagi alhagi (Ad'hiah et al., 2007) and Rosmarinus
officinalis (Al-Sudany, 2008).

Agrimonia eupatoria (Rose Family: Rosaceae) is a further interest of
medicinal plants. The plant is known as agrimony in English literature, and it
is used in folkloric medicine to treat a wide range of ailments; for instance,
eye infections, diarrhea and disorders of gall bladder, liver and kidneys
(Abdul, 2007). However, experimental investigations have demonstrated
several other biological and pharmaceutical potentials; for instance, anti-
mutagenic and anti-tumor (Horikawa et al., 1994), hepatoprotective (Park et
al., 2004), anti-viral (Kwon et al., 2005), anti-bacterial (Bae and Sohn, 2005)

and anti-oxidant and anti-inflammatory (Correia et al., 2007) effects.

Aims of Study

The present project was designed to evaluate some immunological
(Total and absolute counts of leucocytes), cytogenetic (mitotic index of bone
marrow cells, micronucleus formation in bone marrow cells and sperm-head
and -tail abnormalities), biochemical (aspartate amino-transferase; AST,
alanine amino- transferase; ALT and alkaline phosphatase; ALP) and
histopathological (liver) effects of two Agrimonia eupatoria extracts
(aqueous and methanol) on albino male mice. Interactions between the plant
extracts and carbon tetrachloride (CCl,) were also carried out. Furthermore,

the cytotoxic effects of both extracts were evaluated in vitro against three
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cell lines (Human rhabdomyosarcoma; RD, human cervical cancer; HelLa

and mice embryo fibroblast; MEF).

1.2 Review of Literatures

1.2.1 Agrimonia euptatoria L.

Agrimonia eupatoria is the most important species of the family
Rosaceae and has long been used in traditional medicine for the treatment of
different illnesses; for instance, eye ailment, diarrhea, wounds and disorders
of gall bladder, liver and kidneys (Abdul, 2007). Moreover, recent
investigations suggest that the plant is rich in chemical compounds that are
able to stimulate immune system, in addition to their potentials as anti-

oxidant, anti- inflammatory, anti-mutagenic and anti-carcinogenic (Correia et

al., 2007) .

1.2.1.1 Common Names and Taxonomy
Agrimonia 1s a genus of 12-15 species of perennial herbaceous

flowering plants that commonly called agrimony. However, Agrimonia
eupatoria may be considered as the most important species of the family
Rosaceae due to its wide applications in folkloric medicine (Sala et al.,
2003). Many common names are used to describe the plant, and these are
cocklebur, stickwort, church steeples, sticklewort, philanthropos and
ackerkraut, but the most commonly used name is agrimonia, and in Iraq, the
plant is known locally as Ghafath. Taxonomically, the plant is classified
(Eriksson et al., 2003) as the following:

e Kingdom: Plantae

e Subkingdom: Tracheobionta

e Superdivision: Spermatophyta

e Division: Magnoliophyta

e C(Class: Magnoliopsida
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e Subclass: Rosidae
e Order: Rosales

e Family: Rosaceae
e (Genus: Agrimonia

e Species: Agrimonia eupatoria L.

1.2.1.2 Plant Distribution

Agrimony is native to the temperate regions of the northern hemisphere,
but it has become naturalized throughout North America, Eastern Asia,
Southwest Asia and Eastern Europe, as well as, Canada (Eriksson et al.,
2003). In Iraq, the plant is found in the northern regions (Dr. Ali Al-Mosawi,
Department of Biology, College of Science, University of Baghdad: personal

communication).

1.2.1.3 Plant Description

Agrimonia eupatoria is herbaceous perennial plant that grows up to
between 0.5 - 2 meters. The leaves are alternate, terminal pinnate, and they
are divided into pairs of serrate oblong-oval leaflets, with several smaller
leaves arranged in intervals between them. They are finely haired on top and
rough beneath. Near the ground, they are often 7 or 8 inches long, while the
upper leaves are about 3 inches in length. Upper leaves have far fewer
leaflets than the lower ones (Chevallier, 1996). The flowers are small,
slightly aromatic, stalkless, five petaled, bright yellow and numerous, and
they are arranged closely on slender with a terminal spike. As flowers
mature, they become rather woody and thickly covered with a mass of small
bristly hairs. Flowers bloom from June to August. The seeds are very sticky
and persist through the winter (Chiej, 1984). A taxonomical picture of the

plant is given in figure 1-1.
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), Agrimenia -upnh"'in"

Figure 1-1: A taxonomical picture of Agrimonia eupatoria (Eriksson et al.,

2003).

1.2.1.4 Chemical Constituents

The aerial parts of agrimony are rich in flavonoids (tiliroside, 3-O-
alpha-L-rhampyranoside, quercetin 3-O-alpha-L-rhampyranoside, quercetin
3-O-beta-D-glucopyranoside, kaempferol  3-O-beta-D-glucopyranoside,
kaempferol 3-gucside, kaempferol 3-rhamnoside, kaempferol 3-rutinoside,
apigenin and luteolin), tannins (epigallocatechin, epigallocatechin gallate,
tannic acid and oligomeric hydrolysable tannins), aromatic acids, triterpenes,
coumarins, terpenoids and glycosides, as well as, vitamins B and K (Xu et

al., 2005; Jung and Park, 2007; Pan et al., 2008).

1.2.1.5 Folkloric Medicinal Uses
The medicinal parts of agrimony are aerial parts, which are either used

as a dried herb or a fresh plant, and in both cases, it has been suggested that
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the plant is safe to use and effective treatment for different illnesses, which
include gall-bladder problems, diarrhea, throat and mouth inflammation, and
skin irritations (Duke, 1985). The plant is also believed to relieve acute
breathing disorders, tuberculosis, bronchitis, kidney and urinary problems,
jaundice and liver conditions, gout, internal bleeding, menstrual problems,
irritation from wounds and bites, skin eruptions, rheumatism, pain and
swelling associated with sprains and bruises and urogenital problems in pre-

and post-menopausal women (Duke, 2002).

1.2.1.6 Biological Potentials and Pharmaceutical Applications

The biological potentials and pharmaceutical applications of Agrimonia
eupatoria have not investigated extensively, and the PubMed line revealed
that up to June 2009, there have been only 45 papers about the genus
Agrimonia, and most of them about the species Agrimonia pilosa. However,
some of these investigations demonstrated that the crude extracts of
agrimony or some isolated chemical constituents are effective materials that
may have several biological potentials and pharmaceutical applications. A
summary of some these potentials and applications is outlined in the

following:

e Hepatoprotective effects: There has been no direct evidence that
agrimony has hepatoprotective effects, but a phytochemical investigation of
an aqueous extract of roots of a different species (Agrimonia pilosa), as
guided by hepatoprotective activity in vitro, demonstrated two isocoumarin
compounds, which showed hepatoprotective effects on both tacrine-induced
cytotoxicity in human liver-derived Hep G2 cells and tert-butyl
hydroperoxide-induced cytotoxicity in rat primary hepatocytes (Park et al.,
2004).
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e Anti-mutagenic and Anti-tumor Activities: the first investigation that
evaluated the anti-tumor activity of Agrimonia pilosa was carried out in
1985 (Koshiura et al., 1985), in which the effects of the methanol extract
from roots of the plant on several transplantable rodent tumors were
investigated. Their results indicated that the roots of the plant contain some
anti-tumor constituents, and they also suggested that the possible
mechanisms of the anti-tumor activity may be related to some host-mediated
actions and/or a direct cytotoxicity. Based on such finding, Miyamoto et al.
(1988) investigated the effect of agrimoniin, a tannin contained in Agrimonia
pilosa, on ascites type and solid type rodent tumors. Their results indicated
that agrimoniin is potent anti-tumor tannin and they suggested that the anti-
tumor effect may be due to this tannin, which can enhance the immune
response of the host animals through the actions on tumor cells and some
immunocytes. In 1992, it was found that agrimoniin is able to induce
interleukin (IL)-1 production in vitro (human peripheral blood mononuclear
cells) and in vivo (mouse adherent peritoneal exudate cells), and accordingly
the anti-tumor effects can be justified (Murayama et al., 1992). The anti-
mutagenic and anti-carcinogenic effects of Agrimonia pilosa were further
confirmed in vitro against the environmental mutagens and carcinogens

benzo[a]pyrene, 1,6-dinitropyrene and 3,9-dinitrofluoranthene (Horikawa et

al., 1994).

e Anti-oxidant and anti-inflammatory activities: It has been
demonstrated that agrimony has antioxidant properties and other important
activities, especially anti-inflammatory effects (Santos-Buelga and Scalbert,
2000; Li et al., 2001), and accordingly the plant can be considered as a rich
source of water-soluble antioxidants and/or phenolic compounds (Ivanova.
et al., 2005). Phytochemical studies on an agrimony hydro-alcoholic extract
and a polyphenol-enriched fraction obtained from it were found to possess a

high concentration of flavan-3-ols, flavonols, flavones and phenolic acids.
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The extract and fraction antioxidant potential and scavenging activity against
the reactive species formed during inflammation were established, and the
results showed that both the extract and the fraction promptly reacted by 1,
1-diphenyl-2-picrylhydrazyl (DPPH) denoting a general radical scavenger
activity and a potential antioxidant capacity. They also reacted with
superoxide anion, peroxyl and hydroxyl radicals, as well as, with the oxidant
species; hydrogen peroxide, hypochlorous acid and peroxynitrite,
strengthening their radical scavenger and antioxidant activities. In most
assays, the polyphenol-enriched fraction was more efficient, pointing to a
significant contribution of the polyphenols content to those activities.

(Venskutonis et al., 2007; Correia et al., 2007).

e Antimicrobial properties: Several investigators have demonstrated that
Agrimony or its extracts are rich in compounds with antimicrobial
properties, and in this regard, hexane, dichloromethane and methanol
extracts of the seeds of agrimony have been assessed for antibacterial
activity. These extracts showed inhibitory effect against Bacillus cereus and
Bacillus subtilis (Copland et al., 2003). Accordingly, it has been
recommended to use the plant or its derivatives against food-born pathogens.
The antimicrobial activity of Agrimonia pilosa extracts was determined
using a paper disc method against food-born pathogens and food spoilage
bacteria. The petroleum ether extracts showed a strong antimicrobial effect
against Pseudomonas aeruginosa, Bacillus cereus and Salmonella
Enteritidis (Bae and Sohn, 2005). Furthermore, antiviral activities have also
been suggested, and the aqueous extract of agrimony (whole plant) was
found to have inhibitory effects against HIV-1 activities (Min et al., 2001).
Furthermore, many researchers have tried to develop compounds from plants
that have potent anti-hepatitis B virus (HBV), and an inhibition of HBV
antigen release was achieved by an aqueous extract prepared from the aerial

part (stem and leaves) of Agrimonia eupatoria (Kwon et al., 2005).
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1.2.2 Carbon Tetrachloride

Carbon tetrachloride (CCly) is a well-known environmental biohazard.
It is particularly toxic to the liver, where it causes hepatocellular
degeneration and impairs different enzymatic systems, and the generation of
free radicals appears to be pivotal in CCl; hepatotoxicity (Valles et al.,
1994). It i1s metabolized by the mitochondrial monooxygenase system, and
during metabolism, an unstable trichloromethyl (CCIl;) free radical is
formed, and rapidly converted to trichloromethyl peroxide (CI;COQ").These
free radicals lead to the peroxidation of fatty acids found in the
phospholipids that make up the cell membranes (Kuzu ef al., 2007).

The toxic effects of CCly on liver have been known for years and
studied extensively, and the effects on hepatocytes are dependent on dose
and exposure time, and they are manifested histologically as hepatic steatosis
(i.e. fatty infiltration), centrilobular necrosis, and ultimately cirrhosis.
Hepatic steatosis of the liver is a multifactorial phenomenon that is caused
by a blockage of lipoprotein secretion, impaired synthesis or peroxidation of
phospholipids, or both (Guven et al., 2003). The endoplasmic reticulum and
mitochondria have been shown to be involved in the cell damage, and the
metabolic effects of CCl, inside mitochondria have been described, however,
the profound accumulation of fat following CCl, poisoning is considered to
be independent of the mitochondrial damage. The fatty infiltration of the
liver is thought to develop as a result of the action of free alkyl radicals on
biomembranes that in turn cause haloalkylation-dependent blocking at the
exit of the lipoprotein micelles from the Golgi apparatus (Sarkar et al.,
2006). Due to the forthcoming toxic effects, a treatment with the CCl,; has
been served as a model to test the anti-toxic potentials of various agents,
including medicinal plants and their derivatives, in different biological
systems (Ko et al., 1995; Achliya et al., 2004; Sanmugapriya and
Venkataraman, 2006).
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1.2.3 Anti-oxidants

Anti-oxidants are molecules capable of slowing or preventing the
oxidation of other molecules. Oxidation is a chemical reaction that transfers
electrons from a substance to an oxidizing agent. Oxidation reaction can
produce free radicals, which start chain reactions that damage cell.
Antioxidants terminate these chain reactions by removing free radical
intermediates and inhibit other oxidation reactions (Bjelakovic et al., 2007).
Antioxidants are particularly important in biology, and all organisms maintain
a reducing environment inside their cells and contain complex systems of
antioxidants to prevent damage by oxidation. These antioxidants include
glutathione and ascorbic acid and these chemicals are substrates for enzymes
such as peroxidases and oxidoreductases. Low levels of antioxidants or
inhibition of antioxidant enzymes causes oxidative stress and may damage or
kill cells (Manna et al., 2006).

The investigations suggest that antioxidant-rich foods, as well as, some
medicinal plants and their derivatives can reduce damages to cells and
biochemicals from free radicals. This may slow down, prevent, or even
reverse certain diseases that result from cellular damage (Shetty, 1997). In
this regard, dietary phenolic antioxidants have been shown to play important
roles in delaying the development of chronic diseases such as cardiovascular
diseases, cancer, inflammatory bowel syndrome and Alzheimer’s disease
(Akyon, 2002). Phenolic antioxidants are products of secondary metabolism
in plants and are good sources of natural antioxidants in human diets
(Botsoglou et al., 2002). Aromatic plants such as herbs and spices are rich in
their phenolic content, and have been widely used to extend the shelf life of
foods (Adam et al., 1998), and in traditional medicine as treatment for many
diseases (Shetty, 1997).

Knowledge on the protective mechanisms against toxin- and drug-

induced organ toxicities leads scientists to look for biologically active
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relevant compounds from herbal plants, which can possess intrinsic
antioxidant activity and protect those organs from unwanted oxidative stress
(de Mejia and Ramirez-Mares, 2002). The widespread use of traditional herbs
and medicinal plants has been traced to the occurrence of natural products
with medicinal properties. The roles of herbs in disease prevention and cure
have been attributed, in part, to anti-oxidant properties of their constituents;
liposoluble and water soluble vitamins, and a wide range of amphipathic
molecules (Morel et al., 1994; Rice-Evans et al., 1997).One reason for the
continued interest in examining the anti-oxidant effects of medicinal plants is
the desire to find natural anti-oxidants that have a minimal impact on the

characteristics of food (Brown et al., 2006).

1.2.4 Vitamin C

Vitamin C (ascorbic acid) is a monosaccharide anti-oxidant that is found
in both animals and plants, but humans and other primates have lost the
ability to synthesize vitamin C as a result of a mutation in the gene coding
for L-gulonolactone oxidase, an enzyme required for the biosynthesis of
vitamin C via the glucuronic acid pathway (Woodall and Ames, 1997),
therefore they must obtain it from diet, and a deficiency of the vitamin in the
diet causes the disease scurvy (Bendich, 1997). The molecular mechanisms
of the anti-scorbutic effect of vitamin C are largely, although not completely,
understood (Burri and Jacob, 1997).The pharmacophore of vitamin C is the
ascorbate ion, and in living organisms, ascorbate is an anti-oxidant, since it
protects the body against oxidative stress (Padayatty et al., 2003).

Vitamin C is a cofactor in several vital enzymatic reactions (Rojas-Grau
et al., 2008). These enzymes include the mono- and di-oxygenases involved
in peptide amidation and tyrosine metabolism. Vitamin C has also been
implicated in the metabolism of cholesterol to bile acids via the enzyme

cholesterol 7-monooxygenase. Hydroxylation of aromatic drugs and
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carcinogens by hepatic cytochrome P450 is also enhanced by reducing
agents such as vitamin C (Tsao, 1997; Amy et al., 2006). Biochemical,
clinical, and epidemiologic studies have suggested that vitamin C may be
important in reducing the risk to develop chronic diseases such as
cardiovascular diseases, cancer, and cataract, and in this regard the
antioxidant properties of the vitamin have been augmented (Weber et al.,
1996; Enstrom, 1997; Gey, 1998).

The vitamin is considered as an important water-soluble anti-oxidant in
biological fluids, and can scavenge reactive oxygen and nitrogen species,
such as superoxide and hydroperoxyl radicals, aqueous peroxyl radicals,
singlet oxygen, ozone, peroxynitrite, nitrogen dioxide, nitroxide radicals, and
hypochlorous acid, thereby it effectively protects other substrates from
oxidative damage (Frei et al., 1990; Halliwell, 1996; Niki and Noguchi,
1997). Vitamin C can also act as a co-antioxidant by regenerating o-
tocopherol (vitamin E) from the o-tocopheroxyl radical, produced via

scavenging of lipid-soluble radicals (Packer, 1997).

1.2.5 Investigated Parameters

1.2.5.1 Total and Absolute Counts of Leucocytes

The total and absolute counts of leucocytes can give a general picture of
the immunity in the peripheral blood, because such counts are sensitive to
infections, environmental pollution and chemical agent (Ad'hiah et al.,
2001b; Ad'hiah et al., 2004). These cells are originated in the bone marrow
from the hematopoietic stem cell through two cell lineage; myeloid and
lymphoid, which give rise to the five types of leucocytes (neutrophils,
lymphocytes, monocytes, eosinophils and basophils), and each type of these

cells is commenced to carry out an immune function (Lydyard and Grossi,

1998).
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The neutrophils are mainly involved in the innate immune system to
carry out phagocytosis, while lymphocytes represent the humoral and
cellular arms of specific immunity. Monocytes are involved in carrying out
phagocytosis, but they are also professional antigen presenting cells.
Eosinophils are involved in allergic and inflammatory reactions, as well as,
parasitic infections. Basophils release histamine, heparin and some
pharmacological mediators of immunological reactions (Richard and

Pamela, 2008).

1.2.5.2 Mitotic Index

Many studies that determine the activity of immune system and the
effect of different agents on it depend on the ability of lymphocytes to
proliferate in lymphoid organs and/or depend on dividing cells of bone
marrow because it is the source of all blood cells (Hughes, 2001). Mitotic
index is defined as the ratio of the number of cells in a population undergoing
mitosis (different stages) to total number of cells (Gosh et al., 1991). It is a
useful and a sensitive test for the detection of cytotoxic effects of chemical
and physical agents, as well as, mutagenic and carcinogenic agents (Ad'hiah
et al., 2004). Mitotic abnormalities often arise directly from defects of
centromer and/or mitotic spindles, which then induce prolonged mitotic arrest
or delayed mitotic exit and trigger the induction of apoptosis (Mollinedo and
Gajate, 2003). Investigations have demonstrated that entry into mitosis in the
presence of a damaged DNA may lead to inactivation of centromer, formation
of aberrant spindles and blockage of chromosome segregation, which
consequently delays mitosis progression and induces mitotic abnormalities
(Hut et al., 2003; Takada et al., 2003). In addition, chemical or
pharmacological inhibition of the DNA damage checkpoint at the G2 stage
induces a premature entry into mitosis and a subsequent initiation of apoptosis

(Sampath and Plunkett, 2001).
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1.2.5.3 Micronucleus Formation

Micronuclei are formed during the metaphase \ anaphase transition of
mitosis. It may arise from a whole lagging chromosome (aneugenic event
leading to chromosome loss) or an acentric chromosome fragment detaching
from a chromosome after breakage (clastogenic event) that do not integrate in
the daughter nuclei (Fenech et al., 2003). Micronuclei occur spontaneously,
but aneugens and clastogens cause an increase in the number of micronuclei
relative to the negative control (Torous et al., 2005).

The micronucleus test is a mammalian in vivo assay, which detects
damage of the chromosomes or mitotic apparatus by chemicals. The assay is
based on an increase in the frequency of micronucleated polychromatic
erythrocytes in bone marrow of treated animals (Cole, 1981). Erythrocytes are
the cells that are scored in the bone marrow or the blood for presence of
micronuclei, and these cells arise from "stem cell" in the bone marrow and are
produced by a series of divisions in a precursor cell population. The constant,
rapid turnover of precursor cells makes erythrocytes an ideal cell type for a

micronucleus test (Witt ef al., 2008).

1.2.5.4 Sperm-head and Tail Abnormality Assay

Sperm topography is unique among the known cells, and three major
parts can be immediately distinguished; head, mid-piece and tail (Martin et
al., 1994).The shape of sperm head is characteristics of the species. In mouse,
it 1s hook-shaped and composed of two parts; the nucleus and the acrosome.
The nucleus contains a highly condensed chromatin, while the acrosome is
surrounded by the acrosomal membranes and covers the anterior part of the
sperm nucleus, and it contains enzymes that are important in the penetration
of ovum in the fertilization process. The tail is divided into a neck, middle
piece, principle piece and the end piece. The neck connects the tail to the head

of spermatozoon (Saladin and Porth, 1998).
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Abnormal sperm morphology is classified as defects in the head, mid-
piece or tail of the sperm. Head defects include large, small, tapered,
pyriform, round, and amorphous heads, heads with a small acrosomal area
(<40% of the head area) and double heads, as well as, any combination of
these (Martin, 2003). A sperm is basically a package of streamlined genetic
information. Intuitively, one might expect that a change in chromosome
content is reflected by a change in the size of sperm, thus, it is expected to see
a relationship between sperm morphology and genetic abnormalities.
Aberrations in the genetic make-up can be reflected in the head of
spermatozoa, which then show different abnormal morphologies (Sun et al.,

2006).

1.2.5.5 Liver Function Tests
1.2.5.5.1 Aspartate Amino- and Alanine Amino-Transferases

Enzymes are proteins that act as biological catalysts to speed up the
rates at which chemical reactions occur by lowering the activation energy,
and therefore without assistance of enzymes most of the chemical reactions
of metabolism would barely proceed at all (Atlas, 1995). In this regard,
transamination means the process of transferring an amino group from an
amino acid to a keto-acid. Enzymes which catalyze this type of reaction are
named transaminases, and the most important transferases in the diagnosis of
a hepatic damage are aspartate amino-transferase (AST) and alanine amino-
transferase (ALT) (Charles, 2003). With respect to this scope, studies have
investigated the effects of different drugs or chemicals in inducing hepatic
damages and the role of medicinal plants in reducing these effects.
Therefore, the evaluations of AST and ALT levels are important in assessing
the degree of hepatic damages (Kokdil et al., 2005; Sanmugapriya and
Venkataraman, 2006).
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1.2.5.5.2 Serum Alkaline Phosphataes

Alkaline phosphatase (ALP) is an enzyme found in all tissues, and its
function is to catalyze the hydrolysis of phosphate esters in an alkaline
environment; resulting in the formation of an organic radical and inorganic
phosphate (Reichling and Kaplan, 1988). Tissues with particularly high
concentrations of ALP include liver, bile ducts, placenta, kidneys and bones,
and in a lower amount in intestines and leukocytes (Kenton et al., 2001).
Damaged or diseased tissues release the enzyme into the blood, so serum ALP
measurements can be abnormal in many conditions, including bone disease
and liver disease. Serum ALP is also increased in some normal circumstances
(for example, during normal bone growth) or in response to a variety of drugs
(Friedman et al., 1996). Markedly elevated serum ALP is associated
predominantly with more specific disorders; including malignant biliary
obstruction, primary biliary cirrhosis, primary sclerosing cholangitis, hepatic
lymphoma and sarcoidosis (Neuschhwander-Terti, 1995). On the other hand,
according to a study of Maldonado et al. (1998), sepsis and malignant
obstruction are identified as common causes of hyperalkalinephosphatasemia,
whereas diffuse liver metastases, as well as, a number of benign disorders are
relatively less common causes of hyperalkalinephosphatasemia.

Several studies have investigated the correlation between CCl, and the
level of serum ALP like the study of Manna et al. (2006), which indicated
that the aqueous extract of Terminalia arjuna can prevent carbon CCly-
induced hepatic and renal disorders by decreasing the marked rise in serum
levels of AST, ALT) and ALP caused by CCl,. Another study demonstrated
that the methanol extract of Bauhinia racemosa possessed hepatoprotective
and anti-oxidant properties against CClyi- and paracetamol-induced
hepatotoxicities, which resulted in increased levels of the enzymes AST, ALT
and ALP, while the plant extract caused a significant reduction in the level of

these enzymes down to the normal level (Hewawasam et al., 2003).
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1.2.5.6 Cancer Cell Lines
Two cancer cell lines (HeLa and rhabdomyosarcoma) and a normal cell
line (mouse embryonic fibroblast) were employed in the present study to

assess the in vitro tumoricidal potency of agrimony extracts.

e Hela cell line: HeLa is immortal cell line used in scientific research. The
cell line was derived from cervical cancer cells taken from Henrietta Lacks,
who died from her cancer on October 4, 1951. These cells are termed
"immortal" in that they can divide an unlimited number of times in a
laboratory cell culture plate as long as fundamental cell survival conditions
are met (i.e. being maintained and sustained in a suitable environment
(Sharrer, 2006). HeLa cells have an active version of the enzyme telomerase
during cell division, which prevents the incremental shortening of telomeres
that 1s implicated in aging and eventual cell death. In this way, HeLa cells
circumvent the Hayflick Limit, which is the limited number of cell divisions
that most normal cells can later undergo before dying out in cell culture

(Roland, 2006).

e Rhabdomyosarcoma cell line: Rhabdomyosarcoma (RMS) is the most
common soft tissue sarcoma of childhood and adolescence (Naini et al.,
2008). There are two major histologic subtype of rhabdomyosarcoma;
alveolar = rhabdomyosarcoma and  embyonal rhabdomyosarcoma
(Wysoczynski et al., 2007), and several models have been described for
investigation of RMS in vitro and in vivo (Seitz et al., 2007).The biological
properties of these cells are still a subject of controversy. Degrees of
differentiation and proliferation rate were estimated morphologically and by
means of immunohistochemistry and a monolayer proliferation assay. The
activation of a telomere maintenance mechanism (TMM) is crucial for the
immortalization of tumor cells. The TMM and its association with survival

in RMS is important implications for understanding the role of TMM in the
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development of RMS tumors, and for future designing of adapted treatment

strategies (Ohali et al., 2008).

® Primary Mouse Embryonic Fibroblasts: Mouse embryonic fibroblast
(MEF) cells are used as a feeder layer for the culture of mouse embryonic
stem (ES) cells to maintain them as pluripotent stem cells. The inhibition of
ES-cell differentiation provided by the MEF feeders appears to be due to
their production of leukemia inhibitory factor (David, 2000). These normal
cells are known to have a limited life span in vitro, and after a certain
number of divisions the cells pass into a "crisis" stage and dies. Some cells
survive and acquire the ability for unlimited division; forming so-called
stable or immortalized cell lines. These cells were prepared and employed in

the present study as a normal cell line (Matise et al., 2000).

1.2.5.7 Thin Layer Chromatography

Thin Layer chromatography (TLC) provides a quick, economical and
reliable method for rapid screening of pharmaceuticals (Kenyon and Layloff,
2000). The TLC is performed on a sheet of glass, plastic, or aluminum foil,
which is coated with a thin layer of adsorbent material, usually silica gel.
This layer of adsorbent is known as the stationary phase (Jonathan et al.,
2007). After a sample application on the activated plate, the plate is placed in
a closed system containing a solvent or solvent mixture (known as the
mobile phase). Because different analytes ascend the TLC plate at different

rate, separation of compounds is achieved (Fair and Kormos, 2008).
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Chapter two
Materials and Methods

2.1 Materials

The general laboratory equipments and chemicals, which were
employed in the present study, were illustrated in appendices I and II,

respectively.

2.2 The Plant Agrimonia eupatoria

The plant taxonomist Professor Dr. Ali Al-Mosawy (Department of
Biology, College of Science, University of Baghdad) identified the plant A.
eupatoria, which was collected in July 2008 from the mountain regions
(Binglat village) surrounding the city of Irbil (around 400 Km north the
capital Baghdad) (Figure 2-1). The plant was left at room temperature (20-
25°C) to dry (around 5 days).

\

Figure 2-1: Field picture of Agrimonia eupatoria.(Taken by researcher)
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2.3 Plant Extraction

The dried aerial parts of the plant (leaves, stem and flowers) were
powdered using a coffee grinder for 5 minutes, and then extracted with two
types of solvents (distilled water or methanol). In both cases, 50 grams of the
processed plant were extracted in 250 ml of the solvent using the Soxhlet
apparatus and the source of heating was a warm water bath (45°C). The
obtained extract solution was then evaporated at 45°C using a rotary
evaporator, and the resultant crude extract was frozen at -20°C until use to
prepare the required doses and concentrations ((Arokiyaraj et al., 2007).

The aqueous or methanol crude extract was dissolved in sterile distilled
water to prepare three intraperitonial doses (1.0, 2.0 and 3.0 mg/kg), which
were investigated in the laboratory mice. These doses were based
respectively on 10, 20 and 30% of the LDsy dose (10 mg/kg) in mice
(Murayama et al., 1992).

2.4 Solutions
i. Phosphate Buffer Saline (PBS): The solution was prepared by
dissolving the following chemicals in 950 ml of distilled water and
then the volume was made-up to 1000 ml:
Sodium chloride (NaCl): 80¢g
Potassium chloride (KCl): 02¢g
Di-sodium hydrogen phosphate (Na,HPO,): 1.15¢g
Potassium di-hydrogen phosphate (KH, PO,): 0.2 g
The pH was adjusted to 7.2, and the solution was compeleted to
1000ml with D.W, autoclved and stored at 4 C (Hudson and Hay,
1989).
ii. Potassium chloride (KCI) hypotonic solution (0.075M): was
prepared by dissolving (5.75g) in 1000 ml of distilled water, and then

the solution was autoclaved and stored at 4°C (Allen et al., 1977).
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iil.

iv.

Colchicine: It was prepared by dissolving one tablet (0.5 mg) of
colchicine in 0.5 ml of sterilized PBS, and it was freshly used (Allen
etal., 1977).

Hanks Balanced Salt Solution (HBSS): Each of the following

chemicals were dissolved in 50 ml of distilled water:

CaCl, (anhydrous) | 0.14 g
KCI 04¢g
K,HPO, 0.06 g
MgCl,.6H,O 0.1g
MgS0O,.7H,O 0.1g
NaCl 80g
NaHCO; 035¢g
Na,PO, 0.09 g
D-glucose 1.0g
Hepes 2.08 g

The volumes were combined together (the solution of CaCl, was the
last added), the pH was adjusted to 7.2 and the volume was made-up
to 1000 ml with distilled water. The solution was filter-sterilized

(Millipore filter; 0.22 um) and stored at 4°C (Freshney, 2000).

Antibiotic solutions: Two antibiotics were used; they were penicillin
and streptomycin. The penicillin (1000000 IU) was dissolved in 10 ml
of sterilized distilled water, while one gram of streptomycin was
dissolved in 10 ml of sterilized distilled water. Both solutions were
filter-sterilized (Millipore filter; 0.22 um) and stored at -20°C after
dividing them into aliquots (1 ml) (Freshney, 2000).
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vi.

vii.

viil.

ix.

Xi.

RPMI-1640 Medium: Ten grams of RPMI-1640 medium, 2 grams of
sodium bicarbonate and 4 grams of hepes were dissolved in 500 ml of
distilled water, then, 100 ml of heat inactivated fetal calf serum, 5 ml
penicillin (100000 TU/ml) and 5 ml streptomycin (100 mg/ml) were
added. The volume was made up to 1000 ml with distilled water, and
the medium was filter-sterilized (Millipore filter; 0.22 pm) after
adjusting the pH to 7.2. The filtered medium was divided into aliquots
(5 ml) and stored at -20°C until use (Nara and McCulloh, 1985).

Neutral red: Ten milligrams of neutral red dye were dissolved in 100

ml of PBS and filtered (Whatman filter paper No. 1) (Freshney, 2000).

The eluent: The solution was prepared by mixing equal volumes of
0.1M NaH,PO, (0.156 grams of NaH,PO, per 10 ml distilled water)
and absolute ethanol (Freshney, 2001).

Trypan blue stain: Trypan blue powder (1 gram) was dissolved in
100 ml HBSS. The solution was filtered (Whatman filter paper No. 1)
and stored at 4°C (stock solution), and then it was diluted (1:10) in

HBSS to prepare working solution (Freshney, 2001).

Leucocyte diluent: The solution was prepared by adding 2 ml of
glacial acetic acid to 98 ml of distilled water, in addition to a few

drops of methylene blue as a color indicator (Sood, 1986).

Fixative solution: The solution was freshly prepared by mixing 3
parts of absolute methanol with 1 part of glacial acetic acid (Allen et
al., 1977).
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Xii.

Xiii.

Xiv.

XV.

XVi.

Sodium bicarbonate: Sodium bicarbonate (7.5 grams) was dissolved
in 100 ml of distilled water, and the solution was stored at 4°C (Allen

etal., 1977).

Vitamin C: The vitamin powder was dissolved in distilled water to

prepare a dose of 120 mg/kg (Giacosa et al., 1997).

Carbon tetrachloride (CCly): Carbon tetrachloride solution was
diluted with an equal volume of distilled water (1:1) to prepare a dose

of 3.2 mg/kg (Lin et al., 1998).

Human plasma: The National Blood Transfusion Centre in Baghdad
supplied the human AB plasma. The plasma was transferred to the
laboratory in an ice box. In the laboratory, the plasma was divided into
aliquots (5 ml) in sterile test tubes. The tubes were placed in a water
bath (56°C) for 30 minutes to inactivate the complement, and then

stored at -20°C until use in the micronucleus assay (Schmid, 1976).

Giemsa stain: Giemsa stock solution was prepared by dissolving one
gram of Giemsa powder in 33 ml glycerin using a water bath (60°C)
for 2 hours with a continuous shaking. After cooling the solution for
30 min at room temperature, 66 ml of absolute methanol were added
with a continuous mixing. The solution was then kept in a dark bottle
at room temperature (Allen et al., 1977). To prepare Giesma stain

working solution, the following solutions were mixed:

Giemsa stock solution 1 ml

Absolute methanol 1.25 ml

Sodium bicarbonate solution | 0.5 ml

Distilled water 40 ml
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Eosins stain (1%): The stain solution was prepared by dissolving a
gram of eosin yellowish powder in 100 ml of distilled water, and then
the solution was filtered (Whatman filter paper No. 1) (Wyrobek and
Bruce, 1975).

Leishman stain: The stain solution was prepared by dissolving 0.15
gram of Leishman powder in 100 ml of absolute methanol, and then
the solution was filtered (Whatman filter paper No. 1) (Collee et al.,
1996).

Leishman stain buffer: The buffer was prepared by mixing together
5.447 grams of Na,HPO, (anhydrous) and 4.752 grams of KH,PO,.
Then, a gram of the mixture was dissolved in 2 liters of distilled water,

and the pH was adjusted to 7.0 (Collee et al., 1996).

Haematoxylin stain: The stain solution was ready supplied by the
Histopathology Department at Educational Laboratories of Medical
Baghdad City.

Mayer's reagent: Two solutions were firstly prepared; the first one
was prepared by dissolving 1.58 grams of mercuric chloride (HgCl,)
in 60 ml of distilled water, while the second solution was prepared by
dissolving 5 grams of potassium iodide (KI) in 10 ml of distilled
water. Both solutions were mixed and the volume was made-up to 100

ml with distilled water (Smolensk et al., 1972).

Benedict reagent: The reagent was prepared by dissolving 137 grams
of sodium citrate (CH;COONa) and 100 grams of sodium bicarbonate
(NaHCO;) in 800 ml of distilled water and the mixture was filtered
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(Whatman filter paper No. 3), and then cupper sulphate (CuSO,)
solution (17.3 grams in 100 ml distilled water) was added and the
volume was made-up to 1000 ml with distilled water (Al-Janabi,

2004).

Ferric chloride solution (1%): The solution was prepared by
dissolving 1gram of ferric chloride in 100 ml of distilled water (Collee

et al., 1996).

Sodium hydroxide solution: The solution was prepared by dissolving
40 mg of sodium hydroxide in 1000 ml of distilled water (Collee et
al., 1996).

Potassium hydroxide solution: It was prepared by dissolving 50
grams of potassium hydroxide in 100 ml of distilled water (Collee et

al., 1996).

Trypsin stock solution: Trypsin (2.5 grams) was dissolved in 100 ml
of 0.85% NaCl and stirred for 60 minutes at room temperature. The
solution was filter-sterilized (Millipore filter; 0.22 um), divided into
aliquots (10 ml), and stored at -20°C. The working solution was
prepared by diluting the stock solution (1:10) with PBS (Freshney,
2000).

Trypsin / versin solution: It was prepared by dissolving 2 grams of
trypsin / versin powder in 100 ml of distilled water and the pH was
adjusted to 7.0 using sodium bicarbonate solution. Then, it was filter-

sterilized (Millipore filter; 0.22 um) and kept at 4°C (Freshney, 2000).
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2.5 Laboratory Animals

Albino male mice (Mus musculs) were the laboratory animals that were
employed in carrying out the experiments of the study. They were supplied
by the Biotechnology Research Centre (Al-Nahrain University), and their
age at the start of experiments was 8-10 weeks, and their weight was 23-
27grams. They were divided into groups, and each group was kept in a
separate plastic cage (details of these groups are given in the section of
experimental design). The animals were maintained at a temperature of 20-
25°C, and they had free excess to food (standard pellets) and water through

out the experimental work.

2.6 Experimental Design

The experiments were designed to evaluate some immunological,
cytogenetic, biochemical, and histopathological effects of agrimony
extracts (aqueous and methanol), and their effects on CCl-induced acute
hepatic injury in albino male mice. Therefore, such evaluations were carried

out through two stages (experiments number one and two).

2.6.1 Experiment Number One

The experiment was designed to assess the immunological, cytogenetic,
biochemical and histopathological effects of three doses (1.0, 2.0 and 3.0
mg/kg) of agrimony extracts (aqueous or methanol), as well as, CCly
(positive control I), vitamin C (positive control II) and distilled water

(negative controls). Therefore, the animals were divided into nine groups:
e Group I (negative controls): The animals were treated with distilled
water (4 animals).

e Group II (positive control I): The animals were treated with CCly

(3.2 mg/kg) (4 animals).



Chapter Two: Materials and Methods 27

e Group III (positive control II): The animals were treated with

vitamin C (120 mg/kg) (4 animals).

e Groups IV, V and VI): The animals were treated with three doses
(1.0, 2.0 and 3.0 mg/kg, respectively) of aqueous extract (12 animals).

e Group VII, VIII and IX): The animals were treated with three doses
(1.0, 2.0 and 3.0 mg/kg, respectively) of methanol extract (12

animals).

The tested material was injected intraperitoneally as a single dose (0.1
ml) per a day and for 6 days, and then the mice were sacrificed in day 7 for
laboratory assessments. In the case of CCly, it was injected subcutaneously

with a single dose (0.1 ml) in day 1, and then the mice were sacrificed day 2.

2.6.2 Experiment Number Two

The experiment was designed to assess the interaction between the ideal
dose of each extracts (3.0 mg/ kg) and CCl, (3.2 mg/kg). The selection of the
plant extract ideal dose was based on the results of experiment number one.
In such interaction, the animals were given CCl; on day 1, while the plant
extract (aqueous or methanol) was given in day 2 till day 6 (single dose/day),
and then the animals were sacrificed in day 7 for laboratory assessments. In
both cases, the extract was given intraperitoneally (0.1 ml), while CCl, was
given subcutaneously (0.1 ml). For both extracts, control groups paralleled
the two types of extracts, in which the plant extract was replaced by distilled

water (negative control) or vitamin C (positive control; 120 mg/kg).

2.7 Laboratory Methods

2.7.1 Chemical Analysis of Plant Extracts
2.7.1.1 Chemical Detection of Plant Extracts

The chemical detection of the plant aqueous and methanol extracts was

carried out at the Biotechnology Research Center (Al-Nahrain University).
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Tannins: The procedure of Harbone (1984) was used for the detection of
tannins. In this procedure, 50 ml of each extract was equally divided into
two conical flasks. For the first one, lead acetate solution (CH;COOPD)
(1%; w/v) was added and the appearance of jelly pellet was considered a
positive reaction, while for the second flask, ferric chloride solution
(FeCl,) (1%; w/v) was added and the appearance of blue color was an

indicator for the presence of tannins.

Saponins: Two methods were employed in the detection of saponins. The
first one included adding 3 ml of mercuric chloride (HgCl,) to 5 ml of the
extract (aqueous or methanol), and then the formation of white pellet was
an indicator of the presence of saponins . In the second method, the tube
containing the extract was shaken, and the formation of thick foam that
remained for few minutes was an indicator of a saponin's presence (Stahl,
1969).

Flavonoids: The detecting solution was prepared by mixing 10 ml of
ethanol (50%) with 10 ml of potassium hydroxide (50%), and then 5 ml
of this solution was added to 5 ml of the plant extract. The appearance of
yellow color was an indicator of the presence of flavonoids (Jaffer et al.,
1983).

Glycosides: Few drops of HCI were added to a test tube containing 1 ml
of the plant extract, and then the tube was transferred to a boiling water
bath for 2 minutes, and after that 2 ml of Benedict reagent was added.
The appearance of red color was an indicator of glycosides (Evans, 1999).
Alkaloids: One ml of the plant extract was added to a tube containing 2
ml of Mayer’s reagent. The appearance of white residue after shaking the

tube was an indicator of the presence of alkaloids (Sousek, 1999).
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2.7.1.2 Detection of Flavonoid Compounds by TL.C

The procedure of Harborne (1984) was followed, in which a silica gel
TLC plate (200x200x0.25mm) was activated in the oven at 110°C for one
hour, and after cooling the plate at room temperature (around 30 minutes), a
marginal line was drawn on the upper and lower side of the plate with a
distance of 2 centimeters from the margins. On the lower line of the plate,
0.25 ml of concentrated sample (aqueous or methanol extract) and a
flavonoid standard (rutin) was applied. After around 5-7 minutes, the plate
was placed in a jar-closed-system containing a solvent (n-BuOH:HOAc:H,0O
at a ratio 4:1:5), and the system was left for two hours at room temperature.
Then plate was examined under UV light to detect the separated flavonoid
compounds in the aqueous and methanol extract samples as compared to the
flavonoid standard and the Ry value.

The Rg value is the distance compound moves in the chromatography
relative to the solvent front. It is obtained by measuring the distance from the
origin to the center of the spot produced by the substance, and this is divided
by the distance between the origin and the solvent front (i.e. the distance the
solvent travels). This always appears as a fraction and lies between 0.01 and
0.99. It is convenient to multiply this by 100 and R is quoted as Rg (x100)
(Harborne, 1984). Such value was used to assess the presence of flavonoid

compounds in the two plant extracts (Table 2-1).
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Table 2-1: Properties (Rg values) of common flavonoid compounds®.

Rg (x100)
Flavonoid Compounds Solvent (n-BuOH:HOAc:H,0)

Flavonols
Kaempferol 83
Quercetin 64
Myricetin 43
Isorhamnetin 74
Azaleatin 48
Cossypetin 31

Flavones
Apigenin 89
Luteolin 78
Chrysoeriol 82
Tricin 73
Glycosylflavones

Vitexin 41
Isovitexin 56
Orientin 31
Iso-orientin 41

Biflavonyl
Kayaflavone 98
* After Harborne (1984).

2.7.2 Total Leucocyte Count

Blood samples were collected by heart puncture using a disposable
insulin syringe (1 ml) pre-coated with heparin. The method of Haen (1995)
was followed, in which an aliquot of 0.02 ml blood was mixed with 0.38 ml
of leucocyte diluent in a test tube, and left at room temperature for 3
minutes. A drop of the mixture was applied to the surface of Neubauer
chamber under the cover slip, and the chamber was left for 3 minutes to
settle the cells. The leucocytes were counted in 4 large squares (each with 16

small squares), and the total count of leucocytes was obtained using the

following equation:
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Number of Cells Counted
4

Total Count (cell/cu.mm.blood) :( j x20x10

2.7.3 Absolute Count of Leucocytes

One drop of blood was smeared on a clean slide using another slide and
left for air-drying at room temperature. The smear was stained with
Leishman stain for 5 minutes, buffered for 10 minutes with Leishman buffer,
and finally washed with tap water. The slide was air-dried, and then
examined under oil immersion lens (100X) (Haen, 1995). At least 100
leucocytes were examined, and the percentage of each cell type was
recorded, while the absolute count of each type was obtained using the

following equation:

Absolute Count (cell/cu.mm.blood) = (Percentage of Cells x Total Countj

100

2.7.4 Mitotic Index Assay

The mitotic index was determined for cells obtained from bone marrow,
following the procedure of Allen et al. (1977). The animal was sacrificed by
cervical dislocation and then dissected to obtain femur. The femur was cut
from both ends, and its cellular contents were collected in a test tube using
PBS (5 ml), with aid of a disposable insulin syringe (1 ml). These cells were
manipulated as the following:

i. The cell suspension was gently pipetted using Pasteur pipette, and the
tube was centrifuged (2000 rpm) for 10 minutes.

iil. The supernatant was discarded, and the cell deposit was suspended in 5
ml of a warm (37°C) hypotonic solution (KCl; 0.075M). Then the tube
was incubated in a water bath (37°C) for 30 minutes with a gentle

shaking every 5 minutes.
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The tube was centrifuged at 2000 rpm for 10 minute, and the supernatant
was discarded.

Five ml of the fixative solution was added a drop-wise to the cell deposit
with a gentle and a continuous mixing to make a homogeneous cell
suspension. Then, the tube was incubated in the refrigerator (4°C) for 30
minutes.

The tube was centrifuged (2000 rpm) for 10 minutes, and the last step
was repeated two times.

The cell deposit was well-suspended in 2 ml of the fixative, and 4-5 drops
of the cell suspension were dropped on a clean slide from a height of
about two feet.

The slide was air-dried at room temperature, and then it was stained with
Giemsa stain for 15 minutes and rinsed with distilled water.

The slide was examined under oil emersion lens (100X), and at least 1000
cells were examined. The percentage of divided cells was recorded using

the following equation:

Mitotic Index (%) = (Number of Divided Cellsj <100

Total Count (1000)

2.7.5 Micronucleus Formation Assay

To carry out the assessment of micronucleus formation, the procedure

of Schmid (1976) was followed, which is outlined in the following steps:

i.

The mouse was sacrificed by cervical dislocation, and then dissected to
obtain the femur. After cutting both ends of femur, it was gripped from
the middle with a forceps in a vertical position over the edge of a test
tube, and then the cellular content was collected with a heat inactivated
(56°C for 30 minutes) human AB plasma (1 ml) using a disposable

insulin syringe.
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il. The test tube was centrifuged (1000 rpm) for 5 minutes, and the
supernatant was discarded.

ili. The cellular deposit was gently mixed, and a thin smear was made on a
clean slide, and air-dried at room temperature.

iv. The smear was fixed with absolute methanol for 5 minutes, and then air-
dried at room temperature.

V. The smear was stained with Giemsa stain for 15 minutes, and rinsed with
distilled water.

vi. The slide was examined under oil immersion lens (100X), and at least
1000 polychromatic erythrocytes (PCE) were examined for the presence
of micronucleus formation. The micronucleus index was obtained using

the following equation:

Micronucleus index (%) = [ Number of Micronuclei J x 100

Total Count of PCE (1000)

2.7.6 Sperm-head and -tail Abnormality Assay

The mouse was sacrificed by cervical dislocation and then dissected to
obtain the epididymis, which was collected in a Petri-dish containing 5 ml of
PBS. The epididymis was dispersed with a forceps and a scalpel to free the
spermatozoa. The spermatozoa-containing PBS was transferred to a test tube,
which was centrifuged (1000 rpm) for 10 minutes. The supernatant was
discarded, and the spermatozoa deposit was gently suspended in 1 ml of
PBS. A thin smear of the suspension was made on a clean slide, which was
then air-dried at room temperature. The slide was stained with eosin for 5
minutes, rinsed with distilled water and air-dried. The slide was examined
under oil immersion lens (100X), and at least 1000 spermatozoa were

inspected for the morphology of their head and tail (Wyrobek and Bruce,
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1975). The sperm-head (SHA) or tail abnormality (STA) index was scored

using the following equation:

SHA or STA index (%)= (Number of Spermatozoae with Abnormal Head or Tail J <100

Total Count (1000)

2.7.7 Biochemical Tests

Three biochemical tests were carried out in the sera of investigated
animals. They were aspartate amino-transferase (AST), alanine amino-

transferase (ALT), and alkaline phosphatase (ALP).

2.7.7.1 Aspartate Amino-Transferase (AST)
The enzyme activity of AST was evaluated in the mouse serum
following the enzymatic colorimetric method of Reitman and Frankel

(1957). For this purpose a commercial kit (Randox Company) was used.

e Kit Components
= AST substrate reagent (R1)
=  AST color reagent (R2)
» Sodium hydroxide (R3)

e Procedure: Two test tubes (blank and sample) were used and the

above solutions were added as shown in table 2-2.
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Table 2-2: Method of measuring AST activity.
Tubes
Reagents Blank Sample
(ml) (ml)
Serum - 0.1
R1 0.5 0.5
Distilled H,O 0.1 -
The tubes were mixed well and incubated in a water bath (37°C) for 30
minutes
R2 0.5 0.5
The tubes were mixed well and incubated at room temperature for 20
minutes
R3 5 5

The tubes were mixed well and left at room temperature for 5 min, and then
the absorbency was measured at 546 nm

The activity of the enzyme AST (Unit/L) was calculated from the
standard curve of the kit

2.7.7.2 Alanine Amino-Transferase (ALT)

The enzyme activity ALT was evaluated in mouse serum following the
enzymatic colorimetric method of Reitman and Frankel (1957). For this
purpose a commercial kit (Randox Company) was used.

e Kit Components
= ALT substrate reagent (R1)
= ALT color reagent (R2)
» Sodium hydroxide (R3)
e Procedure: Two test tubes (blank and sample) were used and the

above solutions were added as shown in table 2-2.

2.7.7.3 Alkaline Phosphatase (ALP)
The enzyme ALP was evaluated in mouse serum using a commercial kit
produced by Bio Merieux Company and the most commonly used method is

that of King and Arnistrong (2003), in which di-sodium phenyl phosphate is
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hydrolyzed with liberation of phenol and formation of sodium phosphate.

The amount of phenol formed is estimated colorimetrically.

e Kit Components
=  Buffer (R1)
= Di-sodium phenyl phosphate 0.01M (R2)
= Phenol standard (R3)
= (.5N NaOH (R4)
= (.5N Sodium bicarbonate (R5)
= (0.6% 4-Aminoantipyrine (R6)

= Potassium ferric cyanide (R7)

e Procedure: Four test tubes (sample, control, standard and blank) were

used, and the forthcoming reagents were added as shown in table 2-3.

Table 2-3: Method of measuring ALP activity.

Tubes
Reagents Serum sample | Serum blank | standard | Reagent blank
Reagent 1 2 ml 2 ml 2 ml 2 ml
The tubes were incubated in a water bath (37°C) for 5 minutes
Serum 50 ul - - -
Reagent 2 - - 50 ul -
The tubes were mixed well and incubated in a water bath (37°C) for 15 minutes
Reagent 3 0.5 ml 0.5 ml 0.5 ml 0.5 ml
The tubes were mixed well and vortexed
Reagent 4 0.5 ml 0.5 ml 0.5 ml 0.5 ml
Serum - 50 ul - -
Distilled water - - - 50 ul

The tubes were well-mixed and left to stand for 10 minutes in dark place.

Then the optical density (O.D.) was measured at a wave length of 510 nm.
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e Calculation: The following equation was employed to assess the serum

level of ALP.

Serum Level of ALP (LU./ml= (O.D. Serum Sample - O.D. Serum Blankj <142

0O.D. Standard

2.7.8 Histopathological Study

The liver was fixed in 10% formalin for 48 hours, and the procedure of
Bancroft and Stevens (1982) was followed to prepare sections for

histopathological examinations. The procedure is outlined as the following:

i. Washing: The sample was placed in 70% ethanol overnight.

ii. Dehydration: The sample was dehydrated with ascending concentrations
(50, 70, 90 and 99%) of ethanol. There were two hours for each
concentration.

iii. Clearing: The sample was placed in xylene for two hours.

iv. Infiltration: The sample was first placed in paraffin-xylene (1:1) for 30
minutes at 57-58°C, and then in paraffin alone for 2 hours at 60-70°C.

v. Embedding: The sample was embedded in pure paraffin wax (melting
temperature: 60-70°C) and left to solidified at room temperature.

vi. Sectioning: The paraffin block was sectioned (rotary microtome) at a
thickness of 5 microns, and then the sections were transferred to a slide
covered with Mayer's albumin. The section of tissue was placed in a water
bath (35-40°C) for few seconds.

vii. Staining: The slide was first placed in xylene for 15-20 minutes,
descending concentrations (90, 80 and 70%) of ethanol (two minutes for
each concentration) and finally distilled water. After that, the slide was
stained with haematoxylin for 10-20 minutes and then washed with
distilled water for 5 minutes. Then, the slide was placed in acidic alcohol

for one minutes and washed with distilled water. After washing, the slide
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was placed in eosin stain for 10-15 seconds, and then in ascending
concentrations (70, 80, 90 and 99%) of ethanol (two minutes for each
concentration). Finally, the slide was cleared with xylene for 10 minute.
viii. Mounting: The slide was mounted with a Canada balsam and covered with
a cover slip. Then, the slide was examined microscopically to inspect the

histopathological changes.

2.7.9 Assessment of Anti-Tumor Activity (in vitro)

The in vitro anti-tumor activity of agrimony aqueous and methanol
extracts was carried out at the Iraqi Center for Cancer and Medical Genetic
Research (Al-Mustansiryah University) and the Biotechnology Research
Centre (Al-Nahrain University). In this study, the cytotoxic activity of the
two plant extracts was evaluated against two tumor cell lines (human
rhabdomyosarcoma; RD and human cervical cancer; HelLa) and a normal
cell line (mouse embryonic fibroblasts; MEF).The percentage of growth

inhibition was calculated according to an equation presented by Phuangsab

et al. (2001):

Growth inhibition (%) = (Control Absorbance - Treated Absorbance) <100

Control Absorbance

2.7.9.1 Growth Inhibition Assessment in RD and HeLa Cell Lines
The RD cell line was on passage number 195, while HeLa cell line was
on passage number 185. The laboratory assessment of growth inhibition was
carried out according to a method that was adopted by Freshney (2000). The
method included the following steps:
i. The cells (RD or HelLa) were supplemented as a monolayer attached cells
in Falcon culture flasks (25 ml) containing RPMI-1640 medium. The

cells were washed with PBS, and then 1 ml of trypsine —versine solution
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was added with a gentle shaking until the cells were detached from the
flask surface. Such manipulation was carried out with aid of phase
contrast inverted microscope. Then, the contents of the flask were
transferred to another flask and incubated at 37°C for 15 minutes (sub-
culture).

The cells were counted and their number was adjusted to 1 x 10° cell/ml.
At the same time, viability was assessed using a dye-exclusion test
(trypan blue stain), and it was always greater than 96%.

The cells were seeded in the wells of 96-well tissue culture plate, which
was carried out by pipetting 150 ul of the cell suspension into each well,
and the plate was incubated overnight at 37°C.

The day after, the wells were examined to inspect the formation of cell
monolayear, and then five concentrations (6.0, 12.0, 24.0, 48.0 and 96.0
ng/ml) of each plant extract were prepared and the solvent was RPMI-
1640 medium. In each well, 50 ul of each concentration was pipetted and
the plate was wrapped with a cling film and incubated at 37°C. In this
regard three plates were prepared to cover three incubation periods; 24,
48 and 72 hours.

After the end of each incubation period, the medium in each well was
discarded and the wells were washed once with PBS, and then 0.8 ml of
neutral red solution was added to each well. The plate was re-incubated at
37°C for 2 hours.

After incubation, the neutral red solution was discarded and each well
was washed once with PBS, and in each well, 0.1 ml of phosphate
buffered-ethanol (0.1M NaH,PO,-ethanol; 1:1) was added.

The wells were read ELISA reader at wave length of 492 nm, and the
absorbance was recorded. The growth inhibition of the tested materials

was calculated using the equation given in section 2.7.9.
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2.7.9.2 Mouse Embryonic Fibroblast (MEF) Cell Line

The MEF was the normal cell line, which was prepared by the student

following the instruction of Freshney (2000). It was prepared from a

pregnant mouse at a gestation period of 11-13 days, in which the mouse was

sacrificed by cervical dislocation and dissected to obtain the embryos, which

were transferred to sterilized Petri-dishes under aseptic conditions, and then

the following steps were followed:

i.

i

iil.

iv.

Vi.

The embryos were washed with PBS three times, and then they were
transferred to another Petri-dish and cut into small pieces. These pieces
were transferred to a 25ml universal tube and washed several times with
PBS (15 ml) until the supernatant was clear and free of erythrocytes.
The washed embryo pieces were transferred to a 50ml-tissue culture
flask containing a magnetic bead and 15 ml of trypsin solution. The
flask was transferred to a magnetic warm plate (37°C), and stirring
continued for 15 minutes.

The contents of flask were filtered using double layers of autoclaved
gauze, and the filtrate was centrifuged (1000 rpm) for 5 minutes in a
cooled centrifuge. The cell pellet was collected and washed two times
with RPMI-1640 medium at a centrifugation speed of 1000 rpm and for
5 minutes.

The cell pellet was gently suspended in a 10ml round bottom tube
containing 5 ml of RPMI-1640 medium. The cell suspension was
transferred to Falcon tissue culture flask, and the volume was made up
to 25 ml with RPMI-1640 medium.

The flask was incubated at 37°C for 72-96 hours, and the formation of
monolayer cell was inspected using a phase contrast inverted
microscope.

These cells were harvested and employed in the assessment of growth

inhibition after treatments with the plant extracts as mentioned earlier in
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the section 2.7.9.1, but the assessment was carried out for one period,

which was 48 hours.

2.8 Statistical Methods

The values of the investigated parameters were given in terms of mean +
standard error, and differences between means were assessed by analysis of
variance (ANOVA), least significant difference (LSD) and Duncan test, using
the computer program SPSS version 11.5.The difference was considered
significant when the probability value was equal or less than 0.05.

A further estimation was also given; it was treatment efficiency (Perez-
Serrano et al., 1997), which was calculated according to the following

equation:

Treatment efficiency = (A];Bj x 100

A = Treated groups (plant extracts, vitamin C or CCly).
B = Negative control groups (distilled water).
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Chapter Three
Results

3.1 Chemical Analysis of Plant Extracts
3.1.1 Chemical Detection of Plant Extracts

Chemical detections of A. eupatoria extracts (aqueous and methanol)
revealed that the plant was positive for several secondary metabolites. In
aqueous extract, flavonoids, alkaloids, tannins and glycosides were detected,
while methanol extract was positive for flavonoids, alkaloids, tannins and

glycosides. Whereas, both extracts were negative for saponins (Table 3-1).

Table 3-1: Chemical detections of secondary metabolites in the aerial part

extracts (aqueous and methanol) of A. eupatoria.

Secondary Aqueous Methanol
Metabolites Reagents Extract Extract
Flavonoids Ethanol with KOH + +

Tannins CH3COOPb+Fe(Cl, + +

Alkaloids Mayer's reagent + +

Glycosides Benedict reagent + +
Saponins HgCl, - -

+: Positive reaction.
- : Negative reaction.

3.1.2 Detection of Flavonoids Compounds by TLC
The plate was examined under UV light to detect the separated
flavonoid compounds in the aqueous and methanol extract samples as

compared to the flavonoid standard and the Ry value (Figure 3-1). As
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suggested by RF values of the separated extracts, the aqueous extract
contained myricetin, azoleatin, vitexin and iso-orientin, while the methanol

extract contained kaempferol, quercetin , isorhamnetin and myricetin .

Methanol Extract Standard Aqueous Extract
Agrimonia euptoria Agrimonia euptoria

Figure 3-1: Thin layer chromatography of agrimony extracts.

3.2 Immunological and Cytogentic Effects of A. eupatoriaa
3.2.1 Total Count of Leucocytes (TCL)

Animals treated with CCly (control IIT) showed a significant reduced
count of leucocytes (3512.5 cell/cu.mm.blood) as compared to control I
(7637.5 cell/cu.mm.blood) or control II (12037.5 cell/cu.mm.blood). With
respect to the aqueous extract, the three doses (1.0, 2.0, and 3.0 mg/kg)
showed a significant increase count of leucocytes as compared to control I
(7787.5, 8937.5, 9987.5, respectively vs. 7637.5 cell/cu.mm.blood). The
methanol extract showed a similar effect and the three doses were

significantly effective in increasing the total count of leucocytes in a dose-
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dependent manner (8375.0, 9162.5 and 10087.5 cell/cu.mm.blood,
respectively) as compared to control I (7637.5 cell/cu.mm.blood). Vitamin C
(control IT) was also significantly effective in increasing the total count of
leucocytes (12037.5 cell/cu.mm.blood) as compared to either control I
(7637.5 cell/cu.mm.blood) or control III (3512.5 cell/cu.mm.blood). The best
treatment efficiency was recorded for vitamin C (+57.6%), followed by the
third dose of methanol (+32.0%) and aqueous (+30.7%) extracts (Table 3-2
and Figure 3-2).

Table 3-2: Total leucocyte count in albino male mice treated with two
extracts (aqueous and methanol) of A. eupatoria.

Treatment Dose Mean + SE*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (distilled water) 0.0 7637.5£274.2°
Control II (vitamin C) 120 12037.5 + 235.7°
Control III (CCly) 3.2 3512.5+233.1"
1.0 7787.5 £215.4°
S Aqueous extract 2.0 8937.5 +219.3°
22 3.0 9987.5 + 96.6"
5 1.0 8375.0 + 96.8°
<@ Methanol extract 2.0 9162.5+ 108.7¢
3.0 10087.5 + 87.5"

*Different letters: Significant difference (P < 0.05) between means of column.
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O VitaminC(120 mg/kg) B CCI4 (3.2 mg/kg) OAqueous(1.0 mg/kg) OAqueous(2.0 mg/kg)
B Aqueous(3.0 mg/kg) @ Methanol(1.0 mg/kg) B Methanol(2.0 mg/kg) O Methanol(3.0 mg/kg)
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Figure 3-2: Treatment Efficiency of total leucocyte count in albino male
mice treated with two extracts (aqueous and methanol) of A.

eupatoria.

3.2.2 Absolute Counts of Leucocytes
3.2.2.1 Lymphocytes

A treatment with CCl, (control IIT) showed a significant reduced count
of lymphocytes (2717.8 cell/cu.mm.blood) as compared to control I (6108.4
cell/cu.mm.blood) or control II (6463.3 cell/cu.mm.blood). With respect to
the aqueous extract, the first dose (1.0 mg/kg) caused a significant decreased
count of lymphocytes (3364.8 cell/cu.mm.blood) as compared to control I
(6108.4 cell/cu.mm.blood), but the third dose (3.0 mg/kg) showed a
significant increased count (7895.73 cell/cu.mm.blood, respectively). With
respect to the methanol extract, the first dose also caused a significant
decreased count of lymphocytes as compared to control I (5469.8 vs. 6108.4
cell/cu.mm.blood), but the third dose showed a significant increase (6280.6
vs. 6108.4 cell/cu.mm.blood).
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The best treatment efficiency was recorded for the third dose of
aqueous extract (+29.2%), followed by vitamin C (control I1) (+5.8%) (Table
3-3 and Figure 3-3).

Table 3-3: Total lymphocyte count in albino male mice treated with two
extracts (aqueous and methanol) of A. eupatoria.

Treatment Dose Mean + SE*
Groups (mg/kg) (cell/cu.mm.blood)

Control I (distilled water) 0.0 6108.4 + 165.1°
Control II(vitamin C) 120 6463.2 £ 255.3"
Control III (CCly) 3.2 2717.8 £175.4°
1.0 3364.8 + 40.3°

2. Aqueous extract 2.0 6351.2+161.2"
e 3.0 7895.7 + 85.8"

55 1.0 5469.8 +198.8°
< @ Methanol extract 2.0 5949.8 + 95.6"
3.0 6280.6 + 50.8"

*Different letters: Significant difference (P < 0.05) between means of column.

O Vitamin C (120mg/kg) B CCl4(3.2 mg/kg) OAqueous(1.0 mg/kg) O Aqueous(2.0 mg/kg)
B Aqueous(3.0 mg/kg) EMethanol(1.0 mg/kg) B Methanol(2.0 mg/kg) O Methanol(3.0 mg/kg)

40

29.2

30

20 4

10

g
oM

-10 4

-20

-30

Treatment efficiency (%)

40 4

50| -44.9

-60

Dose (mg/kg)

Figure 3-3: Treatment Efficiency of total lymphocyte count in albino male
mice treated with two extracts (aqueous and methanol) of A.

eupatoria.
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3.2.2.2 Neutrophils

The animals treated with CCl; showed a significant reduced count of
neutrophils (681.9 cell/cu.mm.blood) as compared to control I (1176.0
cell/cu.mm.blood) or control II (5195.2 cell/cu.mm.blood). With respect to
the aqueous extract, the three doses (1.0, 2.0 and 3.0 mg/kg) showed a
significant increase neutrophil count as compared to control I (1851.7,
2269.2 and 4217.7, respectively vs. 1176.0 cell/cu.mm.blood). Much more
significant increase of neutrophil count was observed after a treatment with
vitamin C (6463.3 cell/cu.mm.blood). The methanol extract behaved in a
similar manner and the three doses showed a significant increase count of
lymphocytes as compasred to control I (2651.1, 2810.3 and 3335.2,
respectively vs. 1176.0 cell/cu.mm.blood). The best treatment efficiency was
recorded for vitamin C (+341.7%), followed by the third dose of aqueous
(+258.6%) and methanol (183.6%) extract (Table 3-4 and Figure 3-4).

Table 3-4 Total neutrophil count in albino male mice treated with two
extracts (aqueous and methanol) of A. eupatoria.

Treatment Dose Mean + SE*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (distilled water) 0.0 1176.0 + 57.28
Control II(vitamin C) 120 5195.2 £104.4°
Control TIT (CCly) 3.2 681.9 + 62.4"
I 1.0 1851.7+113.2f
% Aqueous extract 2.0 2269.1 +42.6°
3 3.0 4217.7 £ 132.1°
E 1.0 2651.1 = 100.7°
= Methanol extract 2.0 2810.3 +31.9°
< 3.0 3335.2 = 135.9°

*Different letters: Significant difference (P < 0.05) between means of column.
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O VitaminC(120 mg/kg) B CCl4 (3.2 mg/kg) OAqueous(1.0 mg/kg) O Aqueous(2.0 mg/kg)
B Aqueous(3.0 mg/kg) @ Methanol(1.0 mg/kg) B Methanol(2.0 mg/kg) O Methanol(3.0 mg/kg)
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Figure 3-4 Treatment Efficiency of total neutophil count in albino male mice
treated with two extracts (aqueous and methanol) of A.

eupatoria.

3.2.2.3 Monocytes

The animals treated with CCly (control III) showed a significant
reduced count of monocytes (91.06 cell/cu.mm.blood) as compared to
control I (113.95 cell/cu.mm.blood) or control II (738.10 cell/cu.mm.blood).
With respect to the aqueous extract, the three doses (1.0, 2.0 and 3.0 mg/kg)
showed a significant increase count of monocytes as compared to control |
(150.05, 246.95, 274.85, respectively vs. 113.95 cell/cu.mm.blood). The
three doses of methanol extract were also significantly effective in increasing
the count of monocytes as compared to control I (371.00, 352.75 and 288.98,
respectively vs. 1135.95 cell/cu.mm.blood), but the difference was higher
than that observed in the aqueous extract. The best treatment efficiency was

recorded for vitamin C (+547.7%), followed by the first and second doses of
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methanol extract (+225.5 and +209.5%, respectively) (Table 3-5 and Figure
3-5).

Table 3-5: Total monocyte count in albino male mice treated with two
extracts (aqueous and methanol) of A. eupatoria.

Treatment Dose Mean + SE*
Groups (mg/kg) (cell/cu.mm.blood)

Control (distilled water) 0.0 113.95+15.40°
Control I (vitamin C) 120 738.10 £ 47.18*
Control II (CCly) 3.2 91.01 £ 12.75°

1.0 150.05 + 14.97¢
S ® Aqueous extract 2.0 246.95 + 14.83¢
S S 3.0 274.85 = 16.70°
= 1.0 288.79 + 38.17%
<@ Methanol extract 2.0 352.75+7.10™

3.0 371.00 +29.71°

*Different letters: Significant difference (P < 0.05) between the means of column.

@ VitaminC(120 mg/kg) B CCI4(3.2 mg/kg) OAquaous(1.0 mg/kg) O Aquaous(2.0 mg/kg)
B Aqueous(3.0 mg/kg) @ Methanol(1.0 mg/kg) B Methanol(2.0 mg/kg) O Methanol(3.0 mg/kg)
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Figure 3-5: Treatment Efficiency of total monocyte count in albino male
mice treated with two extracts (aqueous and methanol) of A.

eupatoria.
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3.2.2.4 Eosinophils and Basophils

The CCl,; was significantly effective in reducing the count of
eosinophils (5.26 cell/cu.mm.blood) as compared to control I (31.13
cell/cu.mm.blood) or II (65.20 cell/cu.mm.blood). Whereas, the third dose of
aqueous (50.02 cell/cu.mm.blood) and methanol (75.52 cell/cu.mm.blood)
extracts were significantly effective in increasing the count of such cells as
compared to control I, and such effect was associated with a treatment
efficiency of 60.6 and 142.5%, respectively (Table 3-6 and Figure 3-6). With
respect to basophils, no such variations were observed, with the exception of
the first dose of aqueous extract, in which the count of cells was significantly
decreased in comparison with control I (11.69 vs.15.60 cell/cu.mm.blood).

The treatment efficiency of such effect was -25% (Table 3-7and Figure 3-7).

Table 3-6: Total eosinophil count in albino male mice treated with two
extracts (aqueous and methanol) of A. eupatoria

Treatment Dose Mean + SE*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (distilled water) 0.0 31.13+1.31%
Control II (vitamin C) 120 65.20 + 5.68"
Control III (CCly) 3.2 526 +1.09°
1.0 27.70 £2.87°
S ® Aqueous extract 2.0 47.75 + 5.28"
e 2 3.0 50.02 + 4.49"
55 1.0 19.00 =+ 3.90°"
<@ Methanol extract 2.0 34.45 + 2.06
3.0 75.52 £ 14.83*

*Different letters: Significant difference (P < 0.05) between the means of column.
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O VitaminC(120 mg/kg) B CCI4(3.2 mg/kg) OAqueous(1.0 mg/kg) OAqueous(2.0 mg/kg)
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Figure 3-6: Treatment of total eosinophil count in albino male mice
Efficiency treated with two extracts (aqueous and methanol) of

A. eupatoria

Table 3-7: Total basophil count in albino male mice treated with two extracts
(aqueous and methanol) of A. eupatoria

Treatment Dose Mean + SE*
Groups (mg/kg) (cell/cu.mm.blood)

Control I (distilled water) 0.0 15.60 +0.62™
Control II (vitamin C) 120 26.83 +3.34"
Control III (CCly) 3.2 16.52 £ 3.50™

1.0 11.69 +2.29"
S © Aqueous extract 2.0 2245 +5.65"
EE 3.0 20.02 + 4.13*
> S 1.0 21.27 +4.58™
<@ Methanol extract 2.0 20.62 +2.34™

3.0 25.20 £ 2.84*

*Different letters: Significant difference (P < 0.05) between the means of column.
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OVitaminC(120 mg/kg) B CCI4(3.2 mg/kg) OAquaous(1.0 mg/kg) OAquaous(2.0 mg/kg)
B Aqueous(3.0 mg/kg) @ Methanol(1.0 mg/kg) B Methanol(2.0 mg/kg) O Methanol(3.0 mg/kg)
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Figure 3-7: Treatment of total basophil count in albino male mice Efficiency
treated with two extracts (aqueous and methanol) of A.

eupatoria

3.2.3 Mitotic Index

Animals treated with CCly (control III) showed a significant decreased
mitotic index (1.55%) as compared to control I (4.38%) or control II
(7.20%). With respect to the aqueous extract, the first and second doses (1.0
and 2.0 mg/kg) caused a significant decreased mitotic activity (3.0%, 3.0%,
respectively), as compared to control I, but the third dose (3 mg/kg) was able
to increase the mitotic index to 8.20%, and such value was significantly
higher than the corresponding value of negative control (control 1).
Moreover, such value approximated the mitotic index percentage in animals
treated with vitamin C (7.20). The treated efficiency of the latter groups was
87.2 and 64.3%, respectively. Whereas, the three doses of methanol extract
did not show such variations. (Table 3-8 and Figure 3-8).
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Table 3-8: Mitotic index of bone marrow cells in albino male mice treated
with two extracts (aqueous and methanol) of A. eupatoria.

Treatment Dose Mean + SE
Groups (mg/kg) (%)*

Control I (distilled water) 0.0 438 +0.34"
Control II (vitamin C) 120 720+ 0.97*
Control III (CCly) 3.2 1.55+0.18°
1.0 3.00 £ 0.13°

.g © Aqueous extract 2.0 3.00+0.13¢
gL 3.0 8.20 + 0.36
55 1.0 3.93 +0.20"
<@ Methanol extract 2.0 4.13 +0.42"
3.0 4.93 +0.33"

*Different letters: Significant difference (P < 0.05) between the means of column.
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Figure

3-8: Treatment Efficiency of Mitotic index of bone marrow cells in
albino male mice treated with two extracts (aqueous and
methanol) of A. eupatoria

3.2.4 Micronucleus Index

The micronucleus formation was scored in polychromatic erythrocytes

obtained from the femur of investigated mice (Figure 3-9).
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The frequency of micronucleus spontaneous formation was 2.93%
(control I), and such frequency was significantly decreased after a treatment
with vitamin C (1.88%), while the CCl, contributed in a significant increased
frequency (4.80%). When the animals treated with the aqueous or methanol
extract, the third dose was the most important in reducing the micronucleus
formation in comparison with control 1 (1.95 and 1.68, respectively Vs.
2.93%), and such significant reduction was associated with a treatment

efficiency of -33.4 and -42.6%, respectively (Table 3-9 and Figure 3-10).

Table 3-9: Micronucleus index of bone marrow cells in albino male mice

treated with two extracts (aqueous and methanol) of A.

eupatoria
Treatment Dose Mean + SE
Groups (mg/kg) (%)*

Control I (distilled water) 0.0 2.93+0.34"
Control II (vitamin C) 120 1.88 = 1.49¢
Control III (CCly) 3.2 4.80+0.27*
1.0 2.38+£0.18™

S ® Aqueous extract 2.0 2.12+£0.22°
g 2 3.0 1.95+0.16°
5 S 1.0 1.88 £0.13°¢
<@ Methanol extract 2.0 2.00 +0.28°
3.0 1.68 +0.14¢

*Different letters: Significant difference (P < 0.05) between the means of column.
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Figure 3-9: Micronucleus formation in two polychromatic erythrocytes.

O VitaminC(120 mg/kg) B CCI4 (3.2 mg/kg) OAqueous(1.0 mg/kg) OAqueous(2.0 mg/kg)
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Figure 3-10: Treatment Efficiency of Micronucleus index of bone marrow
cells in albino male mice treated with two extracts (aqueous and

methanol) of A. eupatoria

3.2.5 Sperm-Head Abnormality Index

Different sperm-head abnormalities were observed in the investigated
animals (Figure 3-11), and they are collectively presented as a percentage
value. A treatment with CCly (control III) showed a significant increased

sperm-head abnormality index (10.93%) as compared to control I
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(5.75%).With respect to the plant extracts, the third dose (3.0 mg/kg) of
aqueous and methanol extracts was significantly effective in reducing the
spontaneous formation of sperm-head abnormalities as compared to control |
(4.07 and 5.13, respectively vs. 5.75%) (Table 3-10). The treatment
efficiency of such effects was -29.2 and -17.3%, respectively (Figure 3-12).

Table 3-10: Sperm-head abnormality index in albino male mice treated with
two extracts (aqueous and methanol) of A. eupatoria

Treatment Dose Mean + SE
Groups (mg/kg) (%)*

Control I(distilled water) 0.0 5.75+0.35"
Control II (vitamin C) 120 4.73 £0.23%
Control ITII(CCly) 3.2 10.93 +0.43"
1.0 6.13 + 0.26™

.g © Aqueous extract 2.0 4.93 + (.399
g2 3.0 4,07 +0.14°
=1 1.0 6.68 +0.27"
<@ Methanol extract 2.0 4.75 +0.58%
3.0 5.13+0.31%

*Different letters: Significant difference (P < 0.05) between the means of column.
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Figure 3-11: Sperms with abnormal heads (A) and normal head (B).
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OVitaminC(120 mg/kg) B CCI4 (3.2 mg/kg) OAqueous(1.0 mg/kg) O Aqueous(2.0 mg/kg)
B Aqueous(3.0 mg/kg) @ Methanol(1.0 mg/kg) B Methanol(2.0 mg/kg) O Methanol(3.0 mg/kg)
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Figure 3-12 Treatment Efficiency of Sperm-head abnormality index in albino
male mice treated with two extracts (aqueous and methanol) of

A. eupatoria

3.2.6 Sperm-Tail Abnormality Index

The most frequently encountered sperm-tail abnormalities were coiled
tail (Figure 3-13).

Figure 3-13: A sperm with a coiled tail.



Chapter Three: Results 58

Two doses (2.0 and 3.0 mg/kg) of aqueous extract were significantly
effective in reducing the frequency of sperm-tail abnormalities as compared
to the corresponding negative control (3.58 and 3.38, respectively Vs.
4.30%). Methanol extract was also effective, but the third dose recorded the
best reduction (1.62%), and vitamin C shared a similar effect (2.50%) (Table
3-11). The best treatment efficiency was recorded for the third dose of
methanol extract (-62.3%), followed by of three doses of methanol extract in
which the index was (2.50 %, 2.50%, 1.62 % respectively vs2.50 %). The
best treatment efficiency was recorded for the third dose of methanol extract,
which was (-62.3%), followed by the first and second doses of the same
extract (-41.8 and -41.8%) (Figure 3-14).

Table 3-11: Sperm-tail abnormality index in albino male mice treated with

two extracts (aqueous and methanol) of A. eupatoria

Treatment Dose Mean + SE
Groups (mg/kg) (%)*

Control I (distilled water) 0.0 4.30+0.27"
Control II (vitamin C) 120 2.50 £ 0.19¢
Control IIT (CCly) 32 7.78 +£0.53*
1.0 4.98 + 0.33°

-g © Aqueous extract 2.0 3.58 £ 0.25%
g 2 3.0 3.38 +0.39%
S e 1.0 2.50+0.21¢
<@ Methanol extract 2.0 2.50+0.21¢
3.0 1.62+0.21F

*Different letters: Significant difference (P < 0.05) between the means of column.



Chapter Three: Results 59

O VitaminC(120 mg/kg) B CCI4 (3.2 mg/kg) OAqueous(1.0 mg/kg) O Aqueous(2.0 mg/kg)
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Figure 3-14: Treatment Efficiency of Sperm-tail abnormality index in albino
male mice treated with two extracts (aqueous and methanol) of

A. eupatoria

3.3 Biochemical Effects of A. eupatoria Extracts
3.3.1 Aspartate Amino-Transferase (AST)

A treatment with CCl; (control III) showed a significant increased
activity of AST (263.0 IU/L) as compared to control I (176.3 IU/L). With
respect to the aqueous extract, the first (1.0 mg/kg) and the second doses (2.0
mg/kg) caused a significant reduction in the enzyme activity (57.33 and
65.00 TU/L, respectively) as compared to control I, but much more a
significant decreased activity (23.33 IU/L) was observed in the third dose
(3.0 mg/kg). The methanol extract was less effective in this regard, but the
second and third doses also contributed in a significant reduction of AST
activity (130.0 and 91.67 IU/L, respectively) as compared to control I (Table
3-12). The best treatment efficiencies were recorded for the three doses of

aqueous extract (-67.4, -63.1 and -86.7%, respectively) (Figure 3-15).
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Table 3-12: Aspartate amino-transferase activity in sera of albino male
mice treated with two extracts (aqueous and methanol) of A.

eupatoria.
Treatment Dose Mean + SE

Groups (mg/kg) (IU/L)*
Control I (distilled water) 0.0 176.3 + 15.28"
Control II (vitamin C) 120 137.3 + 6.43°
Control III (CCly) 32 263.0 + 34.04°
1.0 57.33 £ 7.50°
-g © Aqueous extract 2.0 65.00 + 5.00°
_g 2 3.0 23.33+5.77"
S 2 1.0 175.0 + 5.00°
<@ Methanol extract 2.0 130.0 £18.03°
3.0 91.67 + 7.64%

*Different letters: Significant difference (P < 0.05) between the means of column.

O VitaminC(120 mg/kg) B CCI4 (3.2 mg/kg) OAqueous(1.0 mg/kg) O Aqueous(2.0 mg/kg)
B Aqueous(3.0 mg/kg) @ Methanol(1.0 mg/kg) B Methanol(2.0 mg/kg) O Methanol(3.0 mg/kg)
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Figure 3-15: Treatment Efficiency of aspartate amino-transferase activity in
albino male mice treated with two extracts (aqueous and

methanol) of A. eupatoria.
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3.3.2 Alanine Amino-Transferase (ALT)

A treatment with CCl; (control IIT) showed a significant increased
activity of serum ALT (910.0 IU/L) as compared to control I (110.7 TU/L).
With respect to the aqueous extract, the three dose (1.0, 2.0 and 3.0 mg/kg)
caused a significant decreased activity of ALT (48.33, 47.33 and 50.67 TU/L,
respectively) as compared to control I, while the second and third doses of
methanol extract were much more effective in reducing the activity of ALT
(25.67 and 24.00 IU/L, respectively). Therefore, the best treatment efficiency
was recorded in these two doses (-76.8 and -78.3%, respectively) (Table 3-
13 and Figure 3-16).

Table 3-13: Alanine amino-transferase activity in sera of albino male mice
treated with two extracts (aqueous and methanol) of  A.

eupatoria
Treatment Dose Mean + SE
Groups (mg/kg) (IU.L)*
Control I (distilled water) 0.0 110.7 + 5.81°
Control II (vitamin C) 120 45.00 + 2.89%
Control III (CCly) 3.2 910.0 + 5.78*
1.0 48.33 + 3.33%
S ® Aqueous extract 2.0 4733 +1.45%
gL 3.0 50.67 + 1.76%
> S 1.0 56.33 £ 0.67°
<@ Methanol extract 2.0 25.67 +2.33°¢
3.0 24.00 + 3.05°

*Different letters: Significant difference (P < 0.05) between the means of column.



Chapter Three: Results 62
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Figure 3-16: Treatment Efficiency of alanine amino-transferase activity in

albino male mice treated with two extracts (aqueous and

methanol) of A. eupatoria.

3.3.3 Alkaline Phosphatase (ALP)

A treatment with CCl; (control III) showed a significant increased
activity of serum ALP (111.3 IU/L) as compared to control I (81.50 IU/L).
With respect to the aqueous and methanol extracts, the three doses (1.0, 2.0
and 3.0 mg/kg) were significantly effective in reducing the activity of the
enzyme in a dose-dependent manner (aqueous: 66.73, 29.77 and 19.43 IU/L,
respectively; methanol: 64.80, 48.43 and 16.50 IU/L, respectively) as
compared control 1 (Table 3-14). The treatment efficiencies for such effects
were -18.1, -63.4 and -76.1%, respectively for aqueous extract and -20.4,
-40.5 and -79.7%, respectively for methanol extract (Figure 3-17).
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Table 3-14: Alkaline phosphatase activity in sera of albino male mice treated

with two extracts (aqueous and methanol) of A. eupatoria.

Treatment Dose Mean + SE
Groups (mg/kg) (IU/L)*

Control I (distilled water) 0.0 81.50 + 1.76"
Control II (vitamin C) 120 17.17 + 1.88"
Control III (CCly) 3.2 111.3 +£5.55"
1.0 66.73 £ 1.75¢
< .S Aqueous extract 2.0 29.77 + 3.25°
c 5 f
S 2 3.0 19.43 +£1.39
=4 % 1.0 64.80 + 6.18°
Methanol extract 2.0 48.43 + 1.15°
3.0 16.50 £2.02"

*Different letters: Significant difference (P < 0.05) between the means of column.

O VitaminC(120 mg/kg) B CCI4 (3.2 mg/kg)

OAqueous(1.0 mg/kg) OAqueous(2.0 mg/kg)
B Aqueous(3.0 mg/kg) @ Methanol(1.0 mg/kg) B Methanol(2.0 mg/kg) O Methanol(3.0 mg/kg)

60

0 36.5

20

-20

-18.1

-40

Treatment efficiency (%)

-60

-80

-78.9

-100

-76.1

-79.7

Dose (mg/kg)

Figure 3-17: Treatment Efficiency of Alkaline phosphatase activity in albino

male mice treated with two extracts (aqueous and methanol) of

A. eupatoria.
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3.4 Effect of CCl, - A. eupatoria Extracts Interaction

The interaction involved giving a single dose of CCL, in day 1, and
then it was followed (post-treatment) by vitamin C or the ideal dose of the
plant aqueous or methanol extract in the next six days (single dose/day). The
selection of ideal dose was based collectively on the findings of the
forthcoming results, in which the dose 3.0 mg/kg was almost the best in

enhancing the values of the investigated parameters.

3.4.1 Total Count of Leucocytes

Both aqueous and methanol extracts were effective in modulating the
effects of CCly, and the total count of leucocytes was significantly increased
to 5025.0 and 5750.0 cell/ cu.mm.blood, respectively, as compared to control
I (3412.5 cell/cu.mm.blood), but vitamin C was more effective in this regard
(7550.0 cell/cu.mm.blood) (Table 3-15). Therefore, the best treatment
efficiency was recorded for vitamin C (+121.2%), followed by methanol

(+68.4%) and aqueous (+47.2%) extracts (Figure 3-18).

Table 3-15: Total leucocyte count in albino male mice after interactions
between CCl, and two extracts (aqueous and methanol) of A.

eupatoria.
Interaction Dose Mean + S.E.x*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (CCl,+ distilled water) 0.0 3412.5+ 151.0°
Control II (CCly + vitamin C) 120 7550.0 £ 226.4"
CCl, + Plant aqueous Extract 3.0 5025.0 +253.7°
CCl, + Plant methanol Extract 3.0 5750.0 + 686.5"

*Different letters: significant difference (P < 0.05) between means.
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[ CCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) O CCl4+Methanol (3.2 + 3.0mg/kg) |
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Figure 3-18: Treatment Efficiency of total leucocyte count in albino male
mice after interactions between CCl, and two extracts (aqueous

and methanol) of A. eupatoria.

3.4.2 Absolute Count of Leucocytes
3.4.2.1 Lymphocytes

The lymphocyte count shared the picture of total leucocyte count, in
which vitamin C and both extracts (aqueous and methanol) were
significantly effective in modulating the effects of CCl, (6148.6, 2820.8,
3377.4, respectively vs. 1879.8 cell/cu.mm.blood) (Table 3-16). The
corresponding treatment efficiencies were 227.0, 50.0 and 79.6%,

respectively (Figure 3-19).
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Table 3-16: Total lymphocyte count in albino male mice after interactions
between CCl; and two extracts (aqueous and methanol) of A.

eupatoria.
Interaction Dose Mean + S.E.*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (CCl,+ distilled water) 0.0 1879.8 £ 75.05°¢
Control IT (CCl4 + vitamin C) 120 6148.6 +200.28"
CCly + Plant aqueous Extract 3.0 2820.8 + 165.92°
CCl, + Plant methanol Extract 3.0 3377.4 + 320.65°

*: Different letters: significant difference (P < 0.05) between means.

O CCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) O CCl4+Methanol (3.2 + 3.0mg/kg) ‘
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Treatment efficiency (%)
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Figure 3-19: Treatment Efficiency of total lymphocyte count in albino male
mice after interactions between CCl, and two extracts (aqueous

and methanol) of A. eupatoria.

3.4.2.2 Neutrophils

The aqueous and methanol extracts were able to modulate the effect of

CCly and increase the neutrophil count significantly (1960.6 and 2142.6
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cell/cu.mm.blood, respectively) as compared to control I (1265.5 cell/cu.
mm.blood), while vitamin C failed to show such effect (Table 3-17). The
treatment efficiency of methanol extract (+69.3%) was better than that of
aqueous extract (+54.9 %) (Figure 3-21).

Table 3-17: Total neutrophil count in albino male mice after interactions

between CCl; and two extracts (aqueous and methanol) of A.

eupatoria.
Interaction Dose Mean + S.E.*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (CCl,+ distilled water) 0.0 1265.5 + 78.24°
Control IT (CCl4 + vitamin C) 120 1100.4 £ 28.20
CCl, + Plant aqueous Extract 3.0 1960.6 + 79.51*
CCly + Plant methanol Extract 3.0 2142.6 +357.46*

*: Different letters: significant difference (P < 0.05) between means.

O CCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) O CCl4+Methanol (3.2 + 3.0mg/kg) \
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Figure 3-20: treatment efficiency of total neutrophil count in albino male
mice after interaction between CCl, and two extracts (aqueous

and methanol) of A .eupatoria
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3.4.2.3 Monocytes, Eosinophils and Basophils

The monocytes showed a decreased count after post-treatment with
vitamin C, aqueous extract or methanol extract (150.5, 145.5 and 140.3
cell/cu.mm.blood, respectively) as compared to control I (197.0
cell/cu.mm.blood), but none of these differences reached a significant (Table
3-18 and Figure 3-21). The eosinophil count revealed a similar outcome, but
vitamin C was significantly effective increasing the count of the cells as
compared to control I (75.25 vs. 43.50 cell/cumm.blood) and the
corresponding treatment efficiency was +72.9% (Table 3-19and Figure 3-
22). The basophil count was an exception, and the cells were significantly
increased in vitamin C (75.25 cell/cu.mm.blood), aqueous extract (50.25
cell/cu.mm.blood) or methanol extract (57.50 cell/cu.mm.blood) treated
animals in comparison with control I (34.13 cell/cu.mm.blood) (Table 3-20).
The corresponding treatment efficiencies were +120.4, +47.2 and 68.4%,

respectively (Figure 3-23).

Table 3-18: Total monocyte count in albino male mice after interactions

between CCl; and two extracts (aqueous and methanol) of A.

eupatoria.
Interaction Dose Mean + S.E.x*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (CCl,+ distilled water) 0.0 197.0 +£15.78*
Control II (CCly + vitamin C) 120 150.5 + 4.52*
CCl, + Plant aqueous Extract 3.0 145.5+9.17°
CCly + Plant methanol Extract 3.0 140.3 £ 29.90*

*: Similar letters: no significant difference (P > 0.05) between means.
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[BCCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) 0 CCl4+Methanol (3.2 + 3.0mg/kg) |
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Figure 3-21: Treatment Efficiency of total monocyte count in albino male
mice after interactions between CCl; and two extracts

(aqueous and methanol) of A. eupatoria.

Table 3-19: Total eosinophil count in albino male mice after interactions

between CCl, and two extracts (aqueous and methanol) of A.

eupatoria.
Interaction Dose Mean + S.E.*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (CCl,+ distilled water) 0.0 43.50 + 10.56"
Control IT (CCl4 + vitamin C) 120 75.25+£2.26"
CCl, + Plant aqueous Extract 3.0 50.25 +2.54°
CCl, + Plant methanol Extract 3.0 57.50 + 6.86™

*: Different letters: significant difference (P < 0.05) between means.
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[BCCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) 0 CCl4+Methanol (3.2 + 3.0mg/kg) |
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Figure 3-22: Treatment Efficiency of total eosinophil count in albino male
mice after interactions between CCl; and two extracts

(aqueous and methanol) of A. eupatoria.

Table 3-20: Total basophil count in albino male mice after interactions

between CCl, and two extracts (aqueous and methanol) of A.

eupatoria.
Interaction Dose Mean + S.E.x*
Groups (mg/kg) (cell/cu.mm.blood)
Control I (CCl,+ distilled water) 0.0 34.13 + 1.56°
Control II (CCly + vitamin C) 120 75.25 £2.26"
CCl, + Plant aqueous Extract 3.0 50.25 +£2.54
CCl, + Plant methanol Extract 3.0 57.50 = 6.86"

*: Different letters: significant difference (P < 0.05) between means.
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[ CCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) O CCl4+Methanol (3.2 + 3.0mg/kg) |
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Figure 3-23: Treatment Efficiency of total basophil count in albino male
mice after interactions between CCl; and two extracts
(aqueous and methanol) of A. eupatoria.

3.4.3 Mitotic index

Vitamin C, as well as, aqueous and methanol extracts were
significantly effective in increasing the mitotic index of bone marrow cells
(8.50, 5.47 and 6.13%, respectively) as compared with control 1 (1.53%)
(Table 3-21). Such effects were associated with a treatment efficiency of

+455.5, +257.5 and +300.6%, respectively (Figure 3-24).

Table 3-21: Mitotic index in albino male mice after interactions between
CCl, and two extracts (aqueous and methanol) of A. eupatoria.

Interaction Dose Mean + SE

Groups (mg/kg) (%)*
Control I (CCly, + distilled water) 0.0 1.53+0.20°
Control IT (CCl, + vitamin C) 120 8.50 + 0.81%
CCly + Plant aqueous Extract 3.0 5.47+0.67"
CCl, + Plant methanol Extract 3.0 6.13+0.69"

*: Different letters: significant difference (P < 0.05) between means.
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O CCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) O CCl4+Methanol (3.2 + 3.0mg/kg) \
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Figure 3-24: Treatment Efficiency of mitotic index in albino male mice after
interactions between CCl; and two extracts (aqueous and
methanol) of A. eupatoria.

3.4.4 Micronucleus Formation

The methanol extract showed a significant reduction in micronucleus
formation (1.50%) as compared to control I (4.60%). Vitamin C was also
effective in this regard (1.27%), as well as, the aqueous extract (1.80 %)
(Table 3-22). The corresponding treatment efficiencies were -67.3, -72.3 and
-60.9%, respectively (Figure 3-25).

Table 3-22: Micronucleus index in albino male mice after interactions
between CCl,; and two extracts (aqueous and methanol) of A.

eupatoria.
Interaction Dose Mean + SE
Groups (mg/kg) (%)*
Control I (CCl,+ distilled water) 0.0 4.60 +0.35"
Control II (CCly+ vitamin C) 120 1.27+£0.15°
CCly + Plant aqueous Extract 3.0 1.80 = 0.150"
CCl, + Plant methanol Extract 3.0 1.50 £ 0.23"

*: Different letters: significant difference (P < 0.05) between means.



Chapter Three: Results 73

[ CCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) O CCl4+Methanol (3.2 + 3.0mg/kg) |
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Figure 3-25: Treatment Efficiency of micronucleus index in albino male
mice after interactions between CCl; and two extracts

(aqueous and methanol) of A. eupatoria

3.4.5 Sperm-Head and Sperm-Tail Abnormalities

Vitamin C, as well as, aqueous and methanol extracts were significantly
effective in reducing the sperm-head abnormalities (7.97, 10.07 and 8.03%,
respectively) as compared to control I (16.83%) (Table 3-23). Such reducing
effects were associated with a treatment efficiency of -52.6, -40.1 and -52.2,
respectively (Figure 3-26). The sperm-tail abnormalities shared the theme of
sperm-head abnormalities, and the corresponding treatment efficiencies were

-71.3, -61.0 and -58.3%, respectively (Table 3-24 and Figure 3-27).
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Table 3-23: Sperm - head abnormality index in albino male mice after
interactions between CCl; and two extracts (aqueous and

methanol) of A. eupatoria.

Interaction Dose Mean + SE
Groups (mg/kg) (%)*
Control I (CCl, + distilled water) 0.0 16.83 + 1.05*
Control II (CCl, + vitamin C) 120 7.97 +0.26"
CCl, + Plant aqueous Extract 3.0 10.07 + 0.23"
CCl, + Plant methanol Extract 3.0 8.03 £ 0.64°

*: Different letters: significant difference (P < 0.05) between means.

O CCl4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) O CCl4+Methanol (3.2 + 3.0mg/kg) \
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Figure 3-26: Treatment Efficiency of Sperm-head abnormality index in
albino male mice after interactions between CCl; and two

extracts (aqueous and methanol) of A. eupatoria.
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Table 3-24: Sperm-tail abnormality index in albino male mice after
interactions between CCl; and two extracts (aqueous and
methanol) of A. eupatoria.

Interaction Dose Mean + SE

Groups (mg/kg) (%)*
Control I (CCl,+ distilled water) 0.0 8.47 + 0.48"
Control II (CCl, + vitamin C) 120 2.43+0.26"
CCl, + Plant aqueous Extract 3.0 3.30 + 0.40
CCl, + Plant methanol Extract 3.0 3.53+£0.55"

*: Different letters: significant difference (P < 0.05) between means.

‘DCCI4+VitaminC (3.2 + 120mg/kg) B CCl4+Aqueous (3.2 + 3.0mg/kg) O CCl4+Methanol (3.2 + 3.0mg/kg) ‘
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Figure 3-27: Treatment Efficiency of Sperm - tail abnormality index in
albino male mice after interactions between CCl, and two

extracts (aqueous and methanol) of A. eupatoria.

3.4.6 Aspartate Amino-Transferase (AST)

The enzymatic activity of AST, which was increased as a consequence

of CCly treatment (846.7 1U/L), was significantly decreased after a post-
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treatment with vitamin C (517.3 IU/L), aqueous extract (210.0 IU/L) or
methanol extract (534.0 IU/L), and such modulating effects were associated
with a treatment efficiency of -38.9, -75.1 and -36.9%, respectively (Table 3-
25and Figure 3-28).

Table 3-25: Aspartate amino-transferase activity in sera of albino male mice
after interactions between CCl; and two extracts (aqueous and
methanol) of A. eupatoria.

Interaction Dose Mean + SE
Groups (mg/kg) (IU/L)*
Control I (CCl,+ distilled water) 0.0 846.7 +73.71*
Control II (CCly + vitamin C) 120 517.3+2.52°
CCly + Plant aqueous Extract 3.0 210.0 + 10.00°
CCl, + Plant methanol Extract 3.0 534.0 + 15.00"

*: Different letters: significant difference (P < 0.05) between means.
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Figure 3-28: Treatment Efficiency of Aspartate amino-transferase activity
in albino male mice after interactions between CCl, and two
extracts (aqueous and methanol) of A. eupatoria.

3.4.7 Alanine Amino-Transferase (ALT)

The ALT activity was also modulated by the tested materials (vitamin

C, aqueous or methanol extract) as in AST (section 3.4.6), and the associated
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treatment efficiencies were -81.4, -88.4 and -81.8%, respectively (Table 3-

26and Figure 3-29).

Table 3-26: Alanine amino-transferase activity in sera of albino male mice

after interactions between CCl, and two extracts (aqueous and

methanol) of A. eupatoria.

Interaction Dose Mean + SE
Groups (mg/kg) (UL
Control I (CCl, + distilled water) 0.0 916.7 +3.33*
Control II (CCl, + vitamin C) 180 170.0 + 5.78"
CCl, + Plant aqueous Extract 3.0 105.7 +1.20°
CCl, + Plant methanol Extract 3.0 166.7 £ 4.41°

*: Different letters: significant difference (P < 0.05) between means.
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Figure 3-29: Treatment Efficiency of Alanine amino-transferase activity in

albino male mice after interactions between CCl,; and two

extracts (aqueous and methanol) of A. eupatoria.
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3.4.8 Alkaline phosphatase (ALP)

Vitamin C contributed in a significant reduced activity of ALP (95.87
IU/L), but the aqueous extract was better in this regard (59.13 IU/L),
followed by the methanol extract (68.23 IU/L) as compared to control I
(112.0 TU/L) (Table 3-28). The associated treatment efficiencies were -14.4,
-47.2 and -39.0%, respectively (Figure 3-31).

Table 3-27: Alkaline phosphatase activity in sera of albino male mice after
interactions between CCl; and two extracts (aqueous and
methanol) of A. eupatoria.

Interaction Dose Mean + SE
Groups (mg/kg) (IU/L)*
Control I (CCl,+ distilled water) 0.0 112.0+6.11%
Control II (CCl, + vitamin C) 120 95.87 +2.26"
CCl, + Plant aqueous Extract 3.0 59.13 +2.31°
CCl, + Plant methanol Extract 3.0 68.23 +4.45°¢

*: Different letters: significant difference (P < 0.05) between means.
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Figure 3-30: Treatment Efficiency of Alkaline phosphatase activity in albino
male mice after interactions between CCls and two extracts
(aqueous and methanol) of A. eupatoria.
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3.5 Histopathological Effects in Liver of Mouse
3.5.1: Plant Extracts

The normal appearance of a liver section (mouse treated with distilled
water) is given in figure 3-31, and a similar appearance was observed in

animals treated with vitamin C.

Figure 3-31: A liver section with a normal histological appearance (40x).

In animals treated with CCl; for one day, the liver section showed a
marked fatty accumulation, degenerative areas and necrosis of hepatocytes

(Figure 3-32).

Figure 3-32: A liver section of mouse treated with CCl, for one day showing
marked fatty accumulation ( ), degenerative areas and
necrosis of hepatocytes (40x). ~ >
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With respect to the aqueous extract, the liver sections of mice treated
with the first and second doses (1.0 and 2.0 mg/kg, respectively) showed
vacuoles in the cytoplasm of hepatocytes, in addition to a degeneration of the
cells with inflammatory cell infiltrate (Figures 3-33 and 3-34). Whereas, the
third dose (3.0 mg/kg) was associated with a normal-looking appearance of

hepatocytes.

Figure 3-33: A liver section of mouse treated with the first dose (1.0 mg/kg)
of agrimony aqueous extract showing vacuoles in the cytoplasm
of hepatocytes, in addition to a degeneration of the cells with
inflammatory cell infiltrate (40x).

Figure 3-34: A liver section of mouse treated with the second dose (2.0
mg/kg) of agrimony aqueous extract showing vacuoles in the
cytoplasm of hepatocytes, in addition to a degeneration of
the cells with inflammatory cell infiltrate (40x).
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The first dose (1.0 mg/kg) of methanol extract showed accumulation of
vacuoles in the cytoplasm (3-35), and the second dose (2.0 mg/kg) showed
marked fatty accumulation and the hepatocytes appeared like a plant cell (3-
36). Whereas, the third dose (3.0 mg/kg) was associated with a normal-

looking appearance of hepatocytes.

Figure 3-35: A liver section of mouse treated with the first dose (1.0 mg/kg)
of agrimony methanol extract showing vacuoles in the

cytoplasm of hepatocytes (40x).

Figure 3-36: A liver section of mouse treated with the second dose (2.0
mg/kg) of agrimony methanol extract showing marked
accumulation of fatty acids (40x).
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3.5.2 Plant Extract — CCl, Interaction

The liver section of mouse treated with distilled water after CCly
treatment showed a marked fatty accumulation, degenerative areas and
necrosis of hepatocytes, which were also observed in mouse treated with
CCl, for one day as shown in the previously presented figure (Figure 3-32).
The third dose of methanol extract was not effective in modulating these
effects and the liver sections showed degeneration of hepatocytes and
vacuoles in the cytoplasm with inflammatory cell infiltrate (Figure 3-37). In
contrast, the third dose as well as vitamin C were able to modulate the CCly-
induced effects and the liver sections showed a normal looking histological

structure with inﬂammatory cell infiltrate (Figures 3-38 and 3-39).

Figure 3-37: A liver section of mouse treated with the third dose of agrimony
aqueous extract after CCl, treatment showing a normal looking

histological structure with inflammatory cell infiltrate (40x).
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Figure 3-38: A liver section of mouse treated with vitamin C after CCl,
treatment showing a normal looking histological structure with

inflammatory cell infiltrate (40x).

3.6 Cytotoxicity of Agrimony Extracts against Cell Lines
Five concentrations (6.0, 12.0, 24.0, 48.0 and 96.0 pg/ml) of agrimony

aqueous and methanol extracts were evaluated for their cytotoxic effect
(Percentage of Growth Inhibition; PGI) against two tumor cell lines (HeLa
and RD) and one normal cell line (MEF) after three periods of incubation
(24, 48 and 72 hours) for HeLLa and RD cells and one period (48 hours) for
MEEF cells.

3.6.1 Aqueous Extract

e Twenty-Four Hour Incubation: There was a gradual increase the value
of PGI as the concentration of the extract was increased (15.07, 21.37,
23.80, 23.97 and 35.77 % for the concentrations 12.0, 24.0, 48.0 and 96.0
ng/ml, respectively) against RD cells. The 1% and 5™ concentrations
showed a significant difference in comparison with the 2", 3™ and 4™

concentrations, and the latter concentrations showed no significant
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differences between them. A similar observation was made in HeLa cells,
but the 4™ concentration showed a significant difference in comparison
with the 1%, 2" and 3™ concentrations. This concentration also showed a
significant difference (P = 0.007) in the PGI value when a comparison

was made between RD (33.03%) and HeLa (23.97%) cells (Table 3-28).

Table 3-28: Growth inhibition effects of Agrimonia eupatoria aqueous

extract on RD and HelLa cell lines after 24 hours incubation.

Percentage of Growth Inhibition
Cofcéi?riion (Mean £ 8.E.)* LSD
(pg/ml) RD Cell Line HeLa Cell Line Probability

6 15.07 £ 0.43¢ 20.97 £ 0.24° Not significant
12 21.37+1.72° 26.70 £ 0.40" | Not significant
24 23.80 +4.33" 27.25+2.63" | Not significant
48 23.97 +4.33" 33.03 +£0.88" 0.007
96 35.77 £ 6.04" 33.37+1.92* Not significant

*Different letters: Significant difference (P < 0.05) between means of the columns.

e Forty-eight Hour Incubation: The five concentrations of the aqueous

extract were effective in reducing the growth of both cell lines, and
almost the effect was similar (no significant differences between them) on
RD and HeLa cells. The effect was a dose-dependent, and accordingly the
5™ dose recorded the highest PGI, which was 67% in RD cells and 72% in
HeLa cells. These two values were significantly different in comparison

with PGI values of the other concentrations of the same cell line (Table 3-

29).
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Table 3-29: Growth inhibition effects of Agrimonia eupatoria aqueous

extract on RD and HeLa cell lines after 48 hours incubation.

Percentage of Growth Inhibition
Cori)ég‘?r(;ion (mean = S.E.)* Probability
(ng/ml) RD Cell Line HeLa Cell Line =
6 42.00 £4.61° 36.33 +2.67° Not significant
12 42.00 £4.61° 53.33 £2.67° Not significant
24 53.00 + 3.00" 53.33 +£2.67° Not significant
48 53.00 + 3.00" 59.67 £3.00° | Not significant
96 67.00 +£9.81° 72.67 +£16.33" Not significant

*Different letters: Significant difference (P < 0.05) between means of the columns.

e Seventy-two Hour Incubation: Much more growth reducing effects

were observed after 72 hour incubation, and the 5" concentration was the

most efficient on both cell lines, in which no significant difference was

recorded between them in all concentrations, with the exception of 24

ng/ml that showed a significantly (P = 0.026) higher PGI in HeLa cells

(69%) than the PGI in RD cells (60.33%) (Table 3-30).

Table 3-30: Growth inhibition effects of Agrimonia eupatoria aqueous
extract on RD and HeLa cell lines after 72 hours incubation.

Extract Percentage of Growth Inhibition
Concentration (mean = S.E.)* Probability

(ng/ml) RD Cell Line HeLa Cell Line =
6 57.33+1.20" 60.00 + 0.58° Not significant
12 58.67 + 0.33" 65.67 + 0.67¢ Not significant
24 60.33 + 1.45" 69.00 = 0.58" 0.026
48 70.00 + 1.53% 7533 £ 0.67" Not significant
96 73.00 £ 0.58" 84.00 + 0.58" Not significant

*Different letters: Significant difference (P < 0.05) between means of the columns.
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e Twenty-Four Hour Incubation: The first four concentrations recorded a

PGI range of 13-25.33% in RD cell line, while such range in HeLa cell

line was 14-30.67%. Such range was exceeded dramatically in the 5

th

concentration (96 pg/ml), but the PGI in RD cell line was a significantly
(P = 0.001) higher than that of HeLa cell line (80 vs. 53.67%). A further

significant differences (P = 0.013) was observed in the concentration 12

ng/ml, in which the PGI in RD cell line was higher than that of HeLa cell
line (25 vs. 16%)( Table 3-31).

Table 3-31: Growth inhibition effects of Agrimonia eupatoria methanol

extract on RD and Hel a cell lines after 24 hours incubation.

Percentage of Growth Inhibition
copiract (mean + S.E.)* Probability
(ng/ml) RD Cell Line HeLa Cell Line =
6 13.00 + 1.00° 14.00+£1.15°¢ Not significant
12 25.00 +0.58 " 16.67+ 0.67 € 0.013
24 24.00 +0.57 " 27.67+1.45" | Not significant
48 25.33+£0.33°" 30.67+£30.67" | Not significant
96 80.00 + 0.58 ° 53.67+0.67* 0.001

*Different letters: Significant difference (P < 0.05) between means of the columns.

e Forty-eight Hour Incubation: Approximated values of PGI were

recorded in the five tested concentrations for both cell lines, especially

the 5 concentration in which the PGI was 82 and 84% for RD and HeLa

cell lines, respectively (Table 3-32).
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Table 3-32: Growth inhibition effects of Agrimonia eupatoria methanol

extract on RD and HeLa cell lines after 48 hours incubation.

Percentage of Growth Inhibition

Cori)ég‘?r(;ion (mean = S.E.)* Probability
(ng/ml) RD Cell Line HeLa Cell Line <
6 24.00 £ 2.00° 27.33 £1.45° Not significant
12 27.33 £4.70° 33.67+3.38" | Not significant
24 32.67 £ 0.66" 34.67+6.56" | Not significant
48 36.67 +1.67" 36.67+ 590" [ Not significant
96 82.00 + 1.00* 84.00 = 1.00* Not significant

*Different letters: Significant difference (P < 0.05) between means of the columns.

e Seventy-two Hour Incubation: Again the 5™ concentration recorded the

highest PGI in RD and HeLa cell lines (90 and 87%, respectively) with

no significant difference between them. However, the first four

concentrations contradicted such scope, in which the PGI recorded

significantly (P = 0.001) higher values in HeLa cells than in RD cells

(Table 3-33).

Table 3-33: Growth inhibition effects of Agrimonia eupatoria methanol
extract on RD and HeLa cell lines after 72 hours incubation.

Extract Percentage of Growth Inhibition Probability
Concentration (mean + S.E.)* <

(ng/ml) RD Cell Line HeLa Cell Line

6 13.50 £ 0.29¢ 58.00 + 7.94¢ 0.001

12 27.00 +2.08" 62.00 + 6.56" 0.001

24 30.33 £0.67" 63.00 =2.00" 0.001

48 33.00 = 1.00° 65.00 + 1.00° 0.001

96 90.00 + 3.05* 87.00 + 2.65* Not significant

*Different letters: Significant difference (P < 0.05) between means of the columns.
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3.6.3 Mouse Embryonic Fibroblast (MEF) Cell Line

The aqueous and methanol extract recorded an approximated range of

PGI against the MEF cell line (aqueous extract: 10.90-14.80%; methanol

extract: 10.53-16.58%) with the exception of the concentrations 12 pg/ml, in

which the methanol extract demonstrated a significantly increased PGI as

compared with the PGI of the corresponding aqueous extract concentration

(15.63 vs. 10.90%) (Table 3-34).

Table 3-34: Growth inhibition effects of Agrimonia eupatoria extracts

(aqueous and methanol) on MEF cell line after 48 hours

incubation.
Extract Percentage of Growth Inhibition
Concentration (mean £+ S.E.)* Probability

(ng/ml) Aqueous extract | Methanol extract <
6 14.80 +£ 0.72° 16.50 + 1.44° Not significant
12 10.90 = 1.30° 15.63 £0.73° 0.01
24 12.40 + 1.56™ 12.70 + 1.24° | Not significant
48 13.00 + 1.53° 14.13 £ 2.92% Not significant
96 14.00 + 1.15° 10.53 £ 0.74° 0.01

*Different letters: Significant difference (P < 0.05) between means of the columns.
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Chapter four

Discussion

Medicinal plant extracts are reported to have a wide range of beneficial
properties including hepatoprotective, anti-inflammatory, anti-oxidant, immune
modulators and anti-mutagenic and accordingly they are subjected to intensive
research by many investigators to explore their potency in the treatment of a
wide range of disorders, including cancer (Dhir et al., 1990; Perera et al., 2008;
Saif, 2008). Some of these properties (immune modulation, anti-mutagenic,
hepatoprotective and anti-tumor) were evaluated in the present study for two
extracts (aqueous and methanol) of agrimony against the immune suppressive,
mutagenic and hepatotoxic effects of CCl,. As expected, such agent
demonstrated a wide range of devastating effects to the biological system of the
laboratory male mouse. Such effects were manifested as a decreased count of
total leucocytes, lymphocytes and neutrophils (immune suppressive); decreased
mitotic activity of bone marrow cells; increased frequency of micronucleus
formation and sperm-head and -tail abnormalities (genotoxic); and increased
activities of liver function enzymes (hepatic damage). These findings can be
explained mainly in the ground of indirect genotoxic effects, because it was
reported that CCly-induced mutations may not be as a result of a direct DNA
damage but may occur via indirect mechanisms; including disturbances in
enzyme functions, which are important in the DNA synthesis and/or repair
(Zelikoff et al., 1988). Carbon tetrachloride-induced hepatic injury is also
associated with global DNA hypomethylation and homocysteinemia (Moreiras
et al., 1995). Moreover, CCly-induce oxidative stress in mice has been reported
(Khurana and Mukhopadhyay, 2007), and such demonstration may suggest that
the antioxidant enzymes are depressed as a consequence of CCly-treatment, and
the DNA damage may be due to depletion of these enzymes.

In contrast, the agrimony two extracts had no such effects and the general

outcome of animal treatments was in favour that the plant is neither immune



Chapter Four: Discussion 90
suppressive, mutagenic nor hepatotoxic; moreover, some positive augmentations
of the investigated parameters were observed. Such potentials were further
confirmed when the plant extracts were given to the animals after CCly
administration and most of the CCly-induced immunological, genetic and
hepatic damages were almost repaired and a normalization of the parameter
values was almost reached. Such properties were mostly a dose-dependent, as
well as, the type of solvent used in the extraction had some effect. Some of these
properties have been previously demonstrated, although different approaches
were employed, and the effects were ascribed to the anti-oxidant potentials of
the plant, its products or derivatives (Buelga and Scalbert, 2000), and the
antioxidant potentials were explained in the ground of chemical constituents that
are available in the plant extracts (Venskutonis et al., 2007).

Chemical analysis of Agrimonia eupatoria extracts (aqueous and
methanol) revealed the presence of flavonoids, tannins and alkaloids in aqueous
extract and flavonoids, tannins, and alkaloids in methanol extract. Similar
findings have been obtained by other investigators (Horikawa et al., 1994; Pan
et al., 2008). These investigators demonstrated that the anti-oxidant properties of
agrimony are related to the flavonoids in addition to tannins. These two
constituents are important anti-mutagenic and anti-carcinogenic compounds in
vitro and in vivo (Koshiura et al., 1985; Horikawa et al., 1994), and accordingly,
the flavonoids and tannins of agrimony have shown a broad spectrum of in vitro
and in vivo antibacterial (Copland et al., 2003; Bae and Sohn, 2005), antiviral
(Yaolan et al., 2004; Kwon et al., 2005) and antioxidant (Murayama et al.,
1992) properties.

Due to the forthcoming potentials of flavonoids, the two plant extracts were
chemically analyzed by means of a TLC method to inspect the types of
flavonoids that were exist in the extract. Such analysis revealed that the aqueous
extract contained myricetin, azoleatin, vitexin and iso-orientin, while the
methanol extract contained kaempferol, quercetin, isorhamnetin and myricetin.

These findings came to confirm previous chemical analyses for flavonoids of the
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plant (Xu et al., 2005; Jung and Park, 2007). The chemical analysis carried out
by these investigators revealed that the plant contains the following flvaonoids;
tiliroside, kaempferol 3-O-alpha-L-rhampyranoside, quercetin 3-O-alpha-L-
rhampyranoside, quercetin 3-O-beta-D-glucopyranoside, kaempferol 3-O-beta-
D-glucopyranoside, kaempferol, kaempferol 3-gucside, kaempferol 3-
rhamnoside, kaempferol 3-rutinoside, apigenin, luteolin, quercetin, catechin,
hyperoside, quercitrin, rutin, tiliroside and 3-methoxy quercetin. Some of these
constituents were not detected in the present study analysis, and such difference
may be related to either the type of chemical analysis that was employed (they
employed HPLC) or the type of extract that was analyzed (they used different
plant extracts). The tannins are further chemical constituents that were inspected
in the plant extracts, but by a detection method rather than a TLC method,
because the tannin standard was not available. Such detection revealed that the
two plant extract contained tannins.

To discuss the immune stimulant, anti-mutagenic, heptoprotective and anti-
tumor effects of aqueous and methanol extracts that were demonstrated in the
present study, the chemical constituents are going to be considered, with special
reference to flavonoids and tannins. In this regard Venkutonis et al. (2007)
examined the antioxidant activity of aqueous extract and methanol extract of
agrimony grown in Kaunas Botanical Garden of Vytautas Magnus University.
Their results suggested that the aqueous and methanol extracts behaved as a
strong free radical scavenger. Such demonstration supports the results of the
present study, and the effects can be ascribed to the flavonoid content, because it
has been demonstrated that agrimony extracts (aqueous, acetone and hexane)
contained phenol fractions that have an antioxidant potential and a scavenging
activity against the reactive species formed during inflammation, and
accordingly a relationship between such activity and the phenolic composition
was established, and the fractions were found to possess a high concentration of
flavonols, flavones and phenolic acids (Correia et al., 2007). However, little

information is available about the antioxidant activity of other agrimony
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compounds, but Tomlinson et al. (2003) have also demonstrated the free radical
scavenging activity of aqueous and organic extracts of agrimony aerial parts.

The results demonstrated that a treatment with agrimony extracts showed a
enhancing effect on total and absolute counts of leucocytes (neutrophils and
lymphocytes and monocytes), and these counts manifested a significant increase
especially in animal treated with both extract (aqueous extract and methanol
extract), and such effects were shared by vitamin C. The general outcome of
these findings is that these materials might have immunostimulating properties,
because the profile of leucocytes in the peripheral blood can give a general
picture about the functional status of the immune system (Hughes, 2001). This
reasoned by the fact that each type of leucocytes is commenced to carry out a
special immunological function in the innate and adaptive immune response,
and the numerical count of these cells may correlate with their function (Herant
et al., 2003). The question is how the aqueous and methanol extract modulate or
restore the count of leucocytes especially after CCL,4 treatment. The answer can
be augmented if we consider that both extracts contain tannins and flvavonoids.
In this regard, it was demonstrated that the adherent peritoneal exudate cells of
mouse treated with an agrimony tannin (agrimoniin) were able to produce a
relatively high levels of interleukin (IL)-1(Murayama et al., 1992), and such
interleukin is important cytokine involved in recruiting blood neutrophils and
monocytes to sites of infection (Abbas and Lichtman, 2004). Furthermore, it
has been recently demonstrated that agrimony flavonoids showed
immunostimulating properties, and the effect was ascribed to their modulating
potentials of cytokines (Gerhauser, 2008). Accordingly, the enhancement of the
total and absolute counts of leucocytes can be ascribed to these chemical
constituents (flavonoids and tannins), which may be able to modulate the
immune response through the interaction between cytokines that were affected
by the plant extracts treatment.

The function of immune system is also genetically determined (Roitt,

2001). Therefore, the forthcoming effects of the plant extracts or their chemical
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constituents may have a genetic effect. To test this suggestion, the present study
investigated the antimutagenic activity, directly or through interactions with
CCly, of agrimony extracts in mice. The mitotic index, micronucleus formation
in polychromtic erythrocytes of bone marrow and sperm-head and -tail
abnormalities were considered as parameters of mutagenic evaluations as
suggested by other investigators in this regard (Martino-Roth et al., 2003; Jha
and Kumar, 2006; Moura et al., 2008).

The results of genetic evaluations showed that a treatment with agrimony
extracts was associated with a significant reduction in micronucleus formation
and sperm-head and -tail abnormalities and caused a significant increase in
mitotic index of bone marrow cells. According to these evaluations, both
extracts (aqueous and methanol) can be considered as effective anti-mutagens,
especially at the third dose of aqueous extract and methanol extract (3.0 mg/kg),
which exerted the highest effect. Such findings can be considered important,
especially if we consider that most cancers are preceded by mutations induced
by different agents, especially those that have oxidant effects (Yassen, 1990;
Ad‘hiah et al., 2002) like CCly, which was used in this study and showed
cytotoxic effects. However, it is not possible to judge that these effects were on
the mutagen (CCly) or its metabolism, or the effects are related to the biological
systems that are responsible of protecting the genetic material of the organism,
but both mechanisms can be possible especially if we consider the tannin’s and
flavonoid’s constituents of the two extracts.

The anti-oxidant potentials of these compounds may partially explain some
of the observed effects, and evidence of a relevant antioxidant activity of A.
eupatoria aqueous or alcoholic extract has been clarified by Rice-Evans et al.
(1996) attributed the pharmacological effect to the detected flavonoids
(quercetin, kaempferol, flavone glycoside and flavan-3-ols), but other
synergistic compounds have also been suggested, and they are grouped under
tannins (catechin and proanthocyanidins) (Li et al., 2001). However, valuable

antioxidant and anti-iflammatory activities have been referred to kaempferol 3-
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0-(6”-0-p-coumaroyl)-glucoside, quercetin 3-0-galactoside and quercetin 3-0-
gllucoside (Sala et al., 2003), and in vivo studies further suggested that the
tannin catechin and smaller oligomeric procyanidins are also important in this
regards (Crespy et al., 2001; Cos et al., 2004). Accordingly, the present anti-
mutagenic properties of the two extracts can be related to the anti-oxidant
activities of these compounds, especially if we consider that anti-oxidant and
anti-mutagenic effects are interrelated (Matkawski, 2008 ).

The present study was also conducted to evaluate the hepatoprotective
effects of the aqueous and methanol extracts of agrimony against CCly-induced
hepatic damage in mice. The evaluation included measuring of liver function
enzymes and a hisopathological examination of liver sections. The first
evaluation demonstrated that the concentrations of AST, ALT and ALP were
almost normalized after agrimony extract treatments in mice with CCly-induced
hepatic damage, and the results were even better than that observed in animals
treated with vitamin C, especially the third dose (3.0 mg/kg), but the results of
histopathological examinations did not revealed a perfect protection, and only a
partially histological repair was occurred.

A number of chemicals including various environmental toxicants and
clinically useful drugs can cause severe cellular damages in different organs of
the body through the metabolic activation of highly reactive substances such as
free radicals, and CCly is widely used for inducing a hepatic injury in mice. The
localized liver injury is mainly occurred by the biotransformation of CCly, which
1s mediated by the cytochrome P-450 and leads to the generation of free radicals
through the process of lipid peroxidation (Valcheva-Kuzmanova et al., 2004).
These activated radicals bind covalently to the macromolecules and induce a
peroxidative degradation of membrane lipids of endoplasmic reticulum
(Palanivel et al., 2008). As O, tension rises, a greater fraction of -CCl; present in
the system reacts very rapidly with O, and consequently many reactive free
radicals are generated from -CCl;. These free radicals are able to initiate the

peroxidation of membrane poly-unsaturated fatty acids (PUFA) (Manna et al.,
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20006), and covalently bind to microsomal lipids and proteins. This phenomenon
results in the generation of reactive oxygen species (ROS), (like the superoxide
anion O,, H,O, and the hydroxyl radical, -OH) (Kebieche et al., 2008).
Evidences suggest that various enzymatic and non-enzymatic systems have been
developed by the cell to cope up with the ROS and other free radicals. However,
when a condition of oxidative stress establishes, the defense capacities against
ROS becomes insufficient (Halliwell and Gutteridge, 2000).The ROS also
affects the antioxidant defense mechanisms, reduces the intracellular
concentration of reduced glutathione (GSH) and decreases the activity of
superoxide dismutase (SOD) and catalase (CAT). It has also been known to
decrease the detoxification system produced by glutathione-S-transferase (GST)
(Yamamoto and Yamashita, 1999; Stal and Olson, 2000).

In the liver, CCl, is metabolized by the cytochrome P450-dependent
monooxygenase systems followed by its conversion to a more chemically active
form, which is trichloromethyl radical (CCl;). The enzymes involved in this
process are located in the endoplasmic reticulum of hepatocytes and their
activities are subjected to the influence of internal and external factors. In this
regard, some herbal extracts are known to prevent the oxidative damages in
hepatoctes by altering the levels of cytochrome P-450 through their antioxidant
properties (Rajesh and Latha, 2004), and therefore, the present observed
hepatoprotective effects (decreased levels of AST, ALT and ALP) of agrimony
extracts can be explained. These findings also suggest that agrimony extracts are
effective in preventing DNA damage, and one of the mechanisms of action
might involve scavenging of active oxygen radicals generated in reactions
initiated by the mutagen and hepatotoxic agent CCly, because materials with
known antioxidant activities have been proved to be useful in counteracting
CCl, damage; for instance vitamin C (Nefic, 2001).

The dose of Vitamin C that was used in the present experiments was 120
mg/kg and at this dose the vitamin did not change the mitotic index value

notably and did not have mutagenic effects. Carbon tetrachloride showed strong
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reduction in the mitotic index of bone marrow cells at the tested dose and
markedly induced micronucleus formation and sperm-head and tail-
abnormalities. However, the inhibitory effect of CCl, on the mitotic activity was
significantly decreased after a treatment with vitamin C. Micronucleus
formation and sperm-head and -tail abnormalities induced by CCl, also
decreased markedly. Therefore, vitamin C acts as either a radical scavenger or a
pro-oxidant agent (Shamberger, 1984; Anderson, 1996), and such outcome can
also be high-lighted after a treatment with agrimony extracts.

The antimutagenic effects of agrimony extracts were further evaluated by
the mouse sperm morphology assay that was developed by Wyrobek and Bruce,
and its relevance in evaluating mammalian germ cell mutagens is well accepted
(Wyrobek and Bruce, 1975; Wyrobek et al., 1983). In the present experiments,
CCly induced an increase in the frequency of abnormal sperms, but, the
percentage of these abnormalities was significantly decreased after a treatment
with the aqueous or methanol extracts and in a dose-dependent manner.
Therefore, this assay can further qualify the agrimony extracts as antimutagens,
and the anti-mutagenic activity may be related to their contents of flavonoids. A
presence of abnormal sperm-head and -tail suggests an induction of a genetic
damage in the male germ cells, and such abnormalities may arise due to small
deletions or point mutations. Furthermore, abnormalities in sperm-head and -tail
may occur by physiological, cytotoxic or genetic mechanisms and alteration in
testicular DNA, which in turn disrupts the process of differentiation of
spermatozoa (Bruce and Heddle, 1979; Odeigah, 1997; Jha and Bharti, 2002).

The protective anti-mutagenic effect of flavonoids can be occurred through
their ability to interact with free radicals when they are associated with DNA via
intercalating or external modes and prevent disease (Lodovici et al., 2001; Walle
et al., 2003). One of these flavonoids is quercetin, which was detected in
agrimony methanol extract. This flavonoid binds covalently to DNA and protein
to start it is protective action (Lonneke ef al. 2005). A protection by quercetin

and quercetin-rich fruit juice against induction of oxidative DNA damage has
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also been demonstrated (Kanakis et al., 2006). Therefore, flavonoids are
considered as powerful antioxidants, and prevent DNA damage, and these
finding may explain the anti-mutagenic effect against the mutagen CCly in
animals treated with the two extracts of agrimony, especially the methanol
extract in the present study.

Agrimony extracts also caused a significant decrease in serum
transaminases (AST and ALT) and alkaline phosphatase activities and almost
down to the normal levels after CCl, treatment in mice. These parameters are the
commonly employed biological markers for evaluating a hepatic injury and
efficacy of hepatoprotective interventions (Achliya et al., 2004). The present
study revealed that agrimony extracts at the given doses had no deleterious
effect on liver function enzymes in normal mice. These findings suggest that the
plant extracts possess favorable metabolic effects on liver function in treated
mice, but by which mechanism it is not well defined and require further
investigations, although the suggested antioxidant profile of plant can not be
ignored. In the literature, some experiments have also been conducted and
showed the antioxidant properties of agrimony or its products, and these
findings suggest that the plant can protect against free radicals and inhibits
inflammatory mediator synthesis and release. This protective effect has been
attributed in part to flavonoids, through a modulation of several enzymes of the
P-450 family that are involved in the pre-carcinogen metabolism (Zhai et al.,
1998; Kokdil et al., 2005).

Since the changes associated with CCl,-induced liver damage are similar to
that of acute viral hepatitis (Suja et al., 2004), CCl;-mediated hepatotoxicity was
chosen as the experimental model. The ability of a hepatoprotective drug to
reduce the injurious effects or to preserve the normal hepatic physiological
mechanisms that have been disturbed by a hepatotoxin is the index of its
protective effects (Yadav and Dixit, 2003). The hepatotoxicity induced by CCly,
as mentioned earlier, is due to its metabolite -CCls; a free radical that alkylates

cellular proteins and other macromolecules with a simultaneous attack on
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polyunsaturated fatty acids in the presence of oxygen to produce lipid peroxides,
leading to a liver damage (Bishayee et al., 1995). Hepatocellular necrosis leads
to elevation of the serum marker enzymes, which are released from the liver into
blood (Shenoy et al., 2002) and the increased levels of AST, ALT and ALP are
conventional indicators of liver injury (Achliya ef al., 2004). The present study
revealed a significant increase in the activities of AST, ALT and ALP levels
after a treatment with CCly; indicating a considerable hepatocellular injury. An
administration of aqueous or methanol extract at three different dose levels
reduced the increased levels of serum liver function enzymes induced by CCly
and caused a subsequent recovery towards normalization almost like that of
vitamin C or untreated controls. The hepatoprotective effect of the plant extracts
was further conduced by the histopathological evaluation, and the results
showed that both extracts at different dose levels offered a good
hepatoprotection, but the dose 3.0 mg/kg was more effective than all other doses
and this may be due to its content of tannis, and a hepatoprotective action of
certain tannins has been well-documented recently (Tomisato et al., 2007).

It has been hypothesized that one of the principal causes of CCly-induced
liver injury is formation of lipid peroxides by free radical derivatives of CCl,
(*CCl;). Thus, the antioxidant activity or the inhibition of the generation of free
radicals is important for the protection against CCly-induced hepatotoxicity. The
body has an effective defense mechanism to prevent and neutralize the free
radical-induced damage. This is accomplished by a set of endogenous
antioxidant enzymes such as superoxide dismutase(SOD), catalase(CAT) and
glutathione peroxidase (GPX). These enzymes constitute a mutually supportive
team of defense against ROS (Venukumar and Latha, 2002). In CCly-induced
hepatotoxicity, the balance between ROS production and these antioxidant
defenses may be lost, and an oxidative stress can result, in which a series of
events deregulates the cellular functions leading to hepatic necrosis (Mochizuki
et al., 2009). Unfortunately, it was not possible to investigate SOD, CAT and
GPX in the experiments of present study.
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The histopathological examinations of liver sections in CCl,-treated mice
revealed a regeneration of hepatic cells after treatments with the plant extracts;
therefore it is possible to suggest that these plant extracts being able to condition
the hepatic cells to a state of accelerated regeneration (Jayatilaka et al., 1989,
1990). The observed protective effect of plants belong to the family Rosaceae
against the hepatotoxins may be attributed to the presence of agrimoniin (a
tannin compound and kaempferol (a flavonoid compound), which are among the
important plant constituents (Tomczyk and Latte, 2008). Flavonoids are a group
of polyphenolic compounds with known properties that include free radical
scavenging, inhibition of hydrolytic and oxidative enzymes and anti-
inflammatory action. These consequences can lead to a hepatoprotection
(Hewawasam et al., 2003). However, the use of herbal drugs for the treatment of
liver diseases has a long tradition in many countries, because the easy
accessibility without the need for laborious pharmaceutical synthesis has drawn
increased attention towards herbal medicines (Girish and Pradhan, 2008).

The in vivo anti-mutagenic effects of agrimoniy aqueous and methanol
extracts were further inspected, but this time in terms of in vitro anti-tumor
potentials against two tumor cell liens (human rhabdomyosarcoma; RD and
human cervical cancer; HelLa) and a normal cell line (mouse fibroblasts; MEF)
after three periods of incubation (24, 48 and 72 hours) for HeLa and RD cells
and one period (48 hours) for MEF cells. Five concentrations (6.0, 12.0, 24.0,
48.0 and 96.0 pg/ml) of each extract were tested, and these concentrations were
assessed after running the experiments with the concentrations 1.0, 2.0 and 3.0
png/ml, which were not effective against RD, HelLa cells and MEF cell lines.
Therefore, five serial duplications of the third concentration were investigated.
These concentrations were found to be cytotoxic against RD and HeLa cell
lines, but the cytotoxicity was a concentration-dependent and in both cell lines,
the concentration 96.0 pg/ml was the most effective for the three investigated
periods. Such anti-tumor effects can be ascribed to the flavonoid and tannin

contents of the two extracts, because it has been suggested that the members of
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the family Rosaceae, which agrimony is belong, may be served as good anti-
cancer agents due to their richness in flavonoids and tannins (Munoz et al.,
2004). The mechanism of such anti-tumor cytotoxicity is not well understood,
but the anti-oxidant potential of the two chemical constituents can not be
ignored (Russo et al., 2005), although the correlation between their antioxidative
and anti-carcinogenic activities remains unclear (Tomisato et al., 2007).

Among the polyphenols is the tannin compound epigallocatechin-3-gallate,
which has been been demonstrated to possess anti-oxidative activity and to
induce apoptosis in tumor cells (Lih-Geeng et al., 2009). The apoptosis was
found to occur through two main pathways; in the first the death receptors are
triggered, while the second pathway involves an intrinsic mitochondrial damage,
which consequence in the release of cytochrome ¢ and activation of caspase-9
(Gosse et al., 2005). Furthermore, polyphenolic can cause a down-regulation of
factors that are necessary for cell-cycle progression, and this series of events
lead to stoppage of cell cycle progression at the G1-S phase transition and
thereby causing G0/G1 arrest and subsequent apoptotic cell death (Cilla et al.,
2009). Accordingly, natural polyphenols have gained a great interest in
pharmaceutical industry due to their demonstrated inhibitory activity against
tumorgenesis, and a comparative study of Hakimuddin et al. (2008) proposed
that total polyphenolic isolated from wine were more effective in reducing
tumor growth as compared with a hydrophobic polyphenol fraction isolated
from the wine. Analyses of gene expression showed that genes belong to
signaling pathways were down-regulated in the induced tumor of grape
polyphenol-treated mice.

Flavonoids are a further constituent of agrimony extracts that may exerted
anti-tumor effects, and a study carried out by Aheren and O'Brien (2000)
showed that flavonoids from different fruits and vegetables were capable to
modulate H,O,-induced DNA damage in two cell line models (colon carcinoma
and hepatic cell carcinoma). In agreement with such finding, it has been

demonstrated that flavonoids are acting as a scavenging system, in addition to
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their role in arresting the DNA replication in S phase, and inducing apoptosis
due to the inactivation of BCL-2 gene as reported in different types of leukemais
(Elangovan et al., 1994; Caceres-Cortes et al., 2001; Pellecchia and Reed,
2004). Such findings suggest that polyphenolic fraction may affect the
topological state of the DNA by increasing or decreasing the level of cleavage of
DNA topoisomerases, especially DNA topoisomerase II; causing DNA
topoisomerase Il poisoning (Gonzalez de Mejia et al., 2006). The DNA
topoisomerase I is a ubiquitous enzyme that regulates DNA unwinding and
removes knots and tangles from the genetic material by creating transient breaks
in the sugar phosphate back bone of the double helix (Fortune and Osheroff,
2000). Topoisomerases alo maintain genomic integrity during this process by
forming covalent attachments between active site residues and terminal DNA
phosphates that are generated during the cleavage reaction (Champoux, 2001).

Several in vitro studies have demonstrated these selective tumoricidal
action of natural products are occurred without harming the normal cell
(Parakash and Gupta, 2004; Griffin et al., 2007), a finding which was also
observed in the present study against the MEF cell line. In this context, Weber
(2009) demonstrated that that the secondary metabolites flavonoids of
Scutellaria are not only cytostatic but also cytotoxic to various human tumor cell
lines in vitro and inhibit tumor growth in vivo, but most importantly, almost no
or minor toxicity of these flavonoids against normal epithelial and normal
peripheral blood and myeloid cells was observed.

To conclude the present discussion, the investigated agrimony extracts were
able to modulate the immune-suppressive, mutagenic and hepatotoxic effects of
CCly in mice, and their modulations shared the effect of vitamin C, which is a
well-known anti-oxidant. However, the mechanism of action, as suggested by
many investigators, is related to the plant constituents that have anti-oxidant

activities, although other mechanisms may underline the effects.
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Conclusions and Recommendations

e Conclusions

1. Different active compounds were detected in the aqueous and
methanol extracts of agrimony (A. eupatoria) including
flavonoids, tannins alkaloids and glycosides. The flavonoid
compound rutin was also detected using the TLC method.

2. Aqueous and methanol extracts of A. eupatoria showed
different effects on the investigated parameters, especially the
mitotic index, which showed a significant increase, and the
spontaneous micronucleus formation and sperm-head and -tail
abnormalities, which showed a significant decrease, in addition
to their enhancing effects on the immune system by increasing
total and absolute counts of leucocytes.

3. Both agrimony extracts were significantly effective in
modulating the immunosuppressive and mutagenic effects of
CCl;, and the Dbiochemical parameters confirmed the
hepatoprotective effect of agrimony extracts through decreasing
or normalizing the level of serum enzymes and repairing the
induced cellular damage of liver.

4. Vitamin C was significantly effective in modulating the
immunosuppressive and mutagenic effects of CCl, especially in
decreasing the micronucleus formation and sperm-head and -tail
abnormalities. A similar outcome was observed when the
hepatoprotective effects were considered. Agrimony extracts
(aqueous and methanol) were similarly effective as vitamin C
or even better in increasing the total and absolute counts of

leucocytes, with the exception of lymphocytes, while in
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biochemical assessments, the aqueous extract was better than

the methanol extract and vitamin C in this regard.

5. Both agrimony extracts were in vitro effective as anti-tumor
agents, and the affect was dependent on the cell line (tumor or

normal cell line) that was investigated.

¢ Recommendations

1. Isolation and characterization A. eupatoria active compounds
and investigating their immunological, cytogenetic and
histopathological effects in vitro and in vivo, in addition to their
anti-tumor effects by a more advanced methodologies and
parameters; for instance, sister chromatid exchanges, commet
assay, apoptotic consequences, cytokine levels and liver
immunohistochemical and in situ hybridization for the
expression of immunological markers. Further studies are also
needed to reveal the anti-oxidant potentials of the plant extract.

2. The forthcoming evaluations can also be explored, but this
testing the synergistic potentials of the active compounds and

other modulators, for instance vitamins and cytokines.



References




References 104

References
Abbas, K.A. and Lichtman, M.D (Editors) (2004). Functions and Disorders of

the Immune System, 2" Edition. Elsevier Science homepage(U.S.A)
pp. 10-323.

Abdul, R. (2007). Medicinal value. J. Pharma and Toxic., 2: 101-107.

Achliya, G.S.; Wadodkar, S.G. and Dorle, A.K. (2004). Evaluation of
hepatoprotective effect of Amalkadi Ghrita against carbon
tetrachloride induced hepatic damage in rats. J. Ethnopharmacol., 90:
229- 232.

Ad’hiah, A. H.; Al-Kashaly, S. S. and Abbas, T. A. A. (2002). Group A
Streptococcus (Streptococcus piygoenes) and the mitotic activity of
lymphoid organs in albino mice. The Eight Scientific Conferences of
the Technical Education Committee, pp. 302-208.

Ad’hiah, A. H.; Hassan, M. K. A. and Kadhim, K. K. (2001b).The
hematological and cytogenetic effect of gamma radiation on white
Mouse (Mus Musculus). Ibn Al — Haitham J. Pure and Applied Sci.,
14: 45-56.

Ad’hiah, A. H.; Sayhood, Y. D. and Shubber, E. K. (2004). Inhibiting the
hematological and cytogenetic effects of tamoxifen by alcoholic
extract of garlic (Allium sativum). Nucleus., 47: 10 - 16.

Ad’hiah, A.; Sulaiman, G. and Al-Zaidy, M. (2007). Some immunological
evaluations of propolis in albino male mice. J. Faculty of Medicine.,
(accepted for publication).

Adam, K.; Sivropoulou A.; Lanalas, T. and Arsenakis, M. (1998).
Antifungal activity of Origanum vulgare subsp. Hirtum, Mentha
spicata, Lavandula angustifolia and Salvia fruticosa essential oils

against human pathogenic fungi. J. Agric Food Chem., 46:1739-1745.



References 105

Aherne, S.A. and O'Brien, N.M. (2000). Protection by the flavonoids
myricetin, quercetin and rutin against hydrogen peroxide-induced
DNA damage in caco-2 and HepG; cells. Nutr Cancer., 34: 160-166.

Akyon, Y. (2002). Effect of antioxidants on the immune response of
Helicobacter pylori. Clinical Microbiology., 8:438 — 441.

Al-Berikdar, Z. (2007). Assessment of Immunological and Cytogenetic
Properties of Oregano (Origanum vulgare L.) Leaf Extracts on CCl4-
Induced Acute Hepatic Injury in Albino Male Mice. M.Sc. Thesis,
College of Science, Al-Nahrain University.

Al-Ezzy, R. (2006). Immunological and cytogentic effects of sage (Salvia
officinalis) leaves extracts on albino male mice and acute myeloid
leukemic cells. M.Sc. Thesis, College of Science, Al-Nahrain
University.

Al-khayat, B. (1999). Studying the mutageneic and anti-mutageneic activity
for some medical plant of Irag. Ph.D. thesis, College of Ibn Al-
Haitham, Baghdad University (in Arabic).

Allen, J. W.; Shuler, C. V.; Mendes, R. W. and Latt, S. A. (1977). A
simplified technique for in vivo analysis of sister chromatid
exchanges using 5-bromo-deoxy uridine tablets. Cytogenetics and
Cell Genetics., 18: 231- 237.

Al-Obaidi, N. (2002). Some immunological effects of Glycyrrhiza glabra on
white mice. M.Sc. thesis, College of Education lbn Al-Haitham,
Baghdad University (in Arabic).

Al-Shami, S.A. (1982). Study of some pharmacological and toxicological
properties of Achillea flowers. M.Sc. thesis, College of veterinary
medicin/University of Baghdad.

Al-Sudany, N. (2008). Anti-mutagenic, Immune modulator and fertility
effects of Rosemary (Rosmarinus officinalis) extract in albino male

mice. M.Sc. Thesis, college of Science, Al-Nahrain university.



References 106

Amy, L.; Stump, Pharm.D; Terri Mayo, Pharm .D. and Alan Blum, M.D.
(2006). Management of Grapefruit-Drug Interactions. Am. Fam
Physician., 74: 605-608.

Anderson, D. (1996) Antioxidant defenses against reactive oxygen species
causing genetic and other damage, Mutat Res., 350: 103-108.

Arokiyaraj, S.; Perinbam, K.; Agastian, P.and Balaraju,K. (2007).
Immunosuppressive effect of medicinal plants of kolli hills on
mitogen-stimulated proliferation of the human peripheral blood
mononuclear. Indian J. Pharmacol., 39: 180-183.

Atlas, R. M. (1995). Principles of Microbiology.1* ed., Robert J. Callanan
(ed). Chapter 4, P.122.

Bae, J.H. and Sohn, M.A. (2005). Effect of Agrimonia pilosa L. extract on
the growth of food-borne pathogens. Korean J. Nutr., 38: 112-116.

Bajer, T.;Adam, M.; Galla, L. and Ventura, K. (2007). Comparison of
various extraction techniques for isolation and determination of
isoflavonoids in plants. J. Sep Sci., 30: 122-127.

Bancroft, J.D. and Stevens, A. (1982). Theory and Practice of Histological
Technique.2 ed. Churchill living stone. Edinburgh, London, pp: 662.

Bendich A. (1997). Vitamin C Safety in Humans. In: Packer L, Fuchs J,
eds. Vitamin C in health and disease. New York: Marcel Dekker Inc,
367-379.

Bishayee, A.; Sarkar, A. and Chatterjee, M. (1995). The hepatoprotective
activity of Carrot (Daucus carota L) against carbon tetrachloride
intoxication in mouse liver. J. Ethnopharmacol. , 47:69-74.

Bjelakovic, G.; Valko, M. and Wolf, W. (2007). Mortality in randomized
trials of antioxidant supplements for primary and secondary
prevention: systematic review and meta-analysis. JAMA. , 297: 842-
857.



References 107

Botsoglou, N .A.; Christaki , E.; Fletouris , D.J.; Florou-Paneri , P. and Spais
, AB.(2002). The effect of dietary oregano essential oil on lipid
oxidation in raw and cooked chicken during refrigerated storage. Meat
Sci., 62:259-265.

Brown, M .J; Henderson, D. E. and Hunt, C. H. (2006). Composition of
antioxidant properties of supercritical fluid extracts of herbs and the
confirmation of pinocembrin as a principle antioxidant in Mexican
Oregano (Lippa gravolens ). Electronic J. Environ Agric Food Chem.,
5:1265-1277.

Bruce, W. and Heddle, J. (1979). The mutagenicity of 61 agents as
determined by the micronucleus, Salmonella and sperm abnormality
assays, Can J. Cytology and Genetic., 21: 319-334.

Buelga, N. and Scalbert, A. (2000). The effects of plant flavonoids on
mammalian cells: implications for inflammation,heart disease and
cancer. J. Pharmacol., 52: 673-675.

Burri, B.J. and Jacob, R.A. (1997). Human metabolism and the requirement
for vitamin C. In: Packer L, Fuchs J, eds. Vitamin C in health and
disease. New York: Marcel Dekker Inc, 341-366.

Caceres-Cortes, J.R.; Cantu-Graza, F.A.; Mendoza-Mata, M.T.; Chavez-
Gonzales, M.A.; Ramos-Mandujano, G. and Zambrano-Ramires, |.R.
(2001). Cytotoxic activity of Justica spicigera is inhibited by Bcl-,
proto-oncogene and induce apoptosis in a cell cycle dependent
fashion. Phytother.Res., 15: 691-697.

Calixto, J. B. (2005). Twenty-Five years of research on medicinal plants in

Latin America.A personal view. J. Ethnopharmacol. , 100: 131-134.

Champoux, J.J. (2001). DNA topisomerases: structure, function and
mechanism. Annu Rev Biochem., 70: 369-413.

Charles, E.O. (2003). Diagnostic serum enzymes.Virtual Chemistry Book,
Elnhmrst College.



References 108

Chevallier, A. (1996). The encyclopedia of medicinal plants dorling
kindersley. ISBN, 9: 402-406.

Chiej, R. (1984). Encyclopaedia of medicinal plants. ISBN, 27: 356-358.

Cilla, A.; Gonzlez-Sarras, A.; Toms-Barbern, F.A.; Espn, J.C. and Barber,
R. (2009). Availability of polyphenols in fruit beverages subjected to
in-vitro gastrointestinal digestion and their effects on proliferation,
cell-cycle and apoptosis in human colon cancer Caco-2 cells. J. Agric
Food Chem., 114: 813-820.

Cole, R.J. (1981) Short-term tests for transplacentally active carcinogens.
Micronucleus formation in fetal and maternal mouse erythroblasts.
Mutat Res., 80: 141-157.

Collee, J.G.; Fraser, A.G.; Marimon, B.P. and Simmons, A. (1996). Macki &
MacCartney practical Medical Microbiology (eds.). Churchill
Linvingston (14th) ed.

Copland, A.; Nahar, L.; Tomlinson, C. T.; Hamilton, V.; Middleton, M.;
Kumarasamy, Y. and Sarker, S. D. (2003). Antibacterial and free
radical scavenging activity of the seeds of Agrimonia eupatoria.
Fitoterapia., 74: 133-135.

Correia, H. S.; Batista, M. T.; Dinis, T. C. (2007). The activity of an extract
and fraction of Agrimonia eupatoria L. against reactive species.
Biofactors., 29: 91-104.

Correia, H. S.; Gonzélez-Paramés, A.; Amaral, M. T., Santos-Buelga, C.
and Batista, M. T .(2006). Polyphenolic profile characterization of
Agrimonia eupatoria L. by HPLC with different detection devices.
Biomed Chromatogr. 20: 88-94.

Cos, P.; Bruyne, T.; Hermans, N.; Apers, S.; Vanden Berghe, D.; and

Vlietinck, A.J. (2004). Proanthocyanidins in health care: current and
new trends. Current Medical Chem., 11: 1345-1348.



References 109

Crespy, V.; Morand, C.; Besson, C.; Manach, C.; Démigné, C. and Rémésy,
C. (2001). Comparison of the intestinal absorption of quercetin,
phloretin and their glucosides in rats. Nutr J., 131: 2109-2111.

David, A.C. (2000). Mouse Embryo Fibroblast (MEF) Feeder Cell
Preparation. ISMB. , 23: 23-27.

De Mejia, E.G. and Ramirez-Mares, M.V. (2002). Leaf extract from Ardisia
compressa protects against 1-nitropyrene-induced cytotoxicity and its
antioxidant defense disruption in cultured rat hepatocytes. Arch
Environ Contam Toxicol ., 179:151-162.

Dhir, H.; Roy, A.K.; Sharma, A. and Talukdar, G. (1990). Modification of
clastogenicity of lead and aluminium in mouse bone marrow cells by
dietary ingestion of Phyllanthus emblica fruit extract. Mutat Res., 241:
305-312.

Duke, J.A. (1985). Rumex crispus L. In handbook, of medicinal herbs. CRC
press, Boca Raton, FL, pp.414-415.

Duke, J.A. and Beckstrom-Sternberg, S.M. (2002). Dr Duke's phytochemical
and ethnobotanical database,USDA-ARS-NGRL-Beltsville
agricultural research center, Beltsville, Maryland, USA.

Elangovan, V.; Ramamorthy, N.; Balasubramabian, S.; Sekar, N. and
Govindsany, N. (1994). Studies on the antiproliferative effect of some
naturally occurring bioflavonoidial compounds against human
carcinoma of laryx and Sarcoma-180 cell lines. Indian J. Pharm., 26:
266-269.

Enstrom, J.E. (1997). Vitamin C in prospective epidemiological studies. In:
Packer L, Fuchs J, eds. Vitamin C in health and disease. New York:
Marcel Dekker Inc, 381-98.

Eriksson, T.; Malin, S.; Hibbs, A.D.; Charles, F. and Delwiche, M. J.
(2003). The Phylogeny of Rosoideae (Rosaceae) Based on Sequences
of the Internal Transcribed Spacers (ITS) of Nuclear Ribosomal DNA



References 110

and the TRNL/F Region of Chloroplast DNA. Int J. Plant Sci., 164:
197-211.

Evans , W.C. (1999) . Trease and Evans pharmacognosy 4th ed., Saunders,
W.B (ed.) Saunders company Ltd. UK. PP: 612.

Fair, J.D. and Kormos, C.M. (2008). Flash colum chromatograms estimated
from thin-layer chromatography data. J. Chromatogr A., 1211: 49-54,

Fenech,M.;Chang,W.P.;Kirsch-Volders,M.;Holland,N.;Bonassi,S.and
Zeiger,E.(2003). Human micronucleus project'HUMN project:
detailed description of the scoring criteria for the cytokinesis-blok
micronucleus assay using isolated human lymphocyte cultures. Mutat
Res., 534: 65-75.

Fortune, J.M. and Osheroff, N. (2000). Topoisomerasell as a target for
anticancer drugs: when enzymes stop being nice. Proy. Nucleic Acid
Res. Mol. Biol., 64: 221-253.

Frei, B; Stocker, R.; England L. and Ames, B.N. (1990). Ascorbate: the
most effective antioxidant in human blood plasma. J Exp Med.,
264:155-163.

Freshney, R.l. (2000). Culture of animal cells. A manual for basic
technique. 4" Eedition. Wiley-liss, Ajohuwiley and Sons. Inc.
Publication, New York.

Freshney, R.l. (2001). Application of cell culture to toxicology .Cell Boil
.Toxical., 17:

Friedman, L .S. Martin, P. and Munoz, S. J. (1996). Liver Function tests
and the objective evaluation of the patient with liver disease. In:
Hepatology:a Textbook of Liver Disease. Philadelphia, WB Saunders,
791-833.

Gerhauser, C. (2008). Cancer chemopreventive potential of apples, apple

juice and apple components. Planta medica., 74: 1608-1624.



References 111

Gey, K .F. (1998). Vitamins E plus C and interacting conutrients required for
optimal health. Biofactors. , 113-174.

Giacosa, A.; Filiberti, R.;Hill, M.J. and Faivre,J. (1997) .Vitamins and
cancer chemoprevention. Eur J. Cancer Prev. , 6 :547-554.

Gilani, A. H. and Atta-ur-Rahman (2005). Trends in ethnopharmacology.
J.Ethnopharmacol., 100: 43-49.

Girish, C. and Pradhan, S.C. (2008). Drug development for liver diseases:
foucus on picroliv, ellagic acid and curcumin. Clin Pharmacol Ther.,
22: 623-632.

Gonzalez de Mejia, E.; Chandra, S.; Ramrez-Mares, M. and Wang, W.
(2006). Catalytic inhibition of human DNA topoisomerase by phenolic
compound in Ardisia compressa extracts and their effect on human
colon cancer cells. Food Chem Toxicol. , 44: 1191-1203.

Gosh, B. B.; Talukder, G. and Shorama, A. (1991). Effect of culture media
on spontaneous residence of mitotic index,chromosomal aberration,
micronucleus counts, sister chromatid exchange and cell cycle.
Kinetics in principle blood lymphocytes of male and female donars.
Cytobios. , 67: 71-75.

Gosse, F.; Ding, M. and Liu, R.H. (2005). Chemopreventive properties of
apple procyanidins on human colon cancer-derived metastatic SW620
cells and in a rat modal of colon carcinogenesis. Carcinogenesis., 26:
1291-1295.

Griffin, C.; Sharda, N.; Sood, D.; Nair, J. and Pandey, S. (2007). Selective
cytotoxicity of pancratistin-related natural Amaryllidaceae alkaloids:
evaluation of the activity of two new compounds. Cancer Cell Int., 7:
10-11.

Gupta, M.; Mazumder, U.K.; Kumar, T.S.; Gomathi, P. and Kumar, R.S.
(2004). Antioxidant and hepatoprotective effects of Bauhinia



References 112

racemosa against paracetamol and carbon tetrachloride induced liver
damage in rats. J. Pharmacol Exp Ther. , 3: 12-20.

Guven, A.; Guven A. and Gulmez M. (2003). The effect of kefir on the
activities of GSH- Px,GST,CAT,GSH and LPO levels in carbon
tetrachloride-induced mice tissue. J. Veterinary Medicin series B-
Infectious Diseases and Veterinary Public Health. , 50:412-416.

Haen, P. J. (1995). Principles of Hematology. Edited by L. H. Young and W.
B. Publisher, London.310-325.

Haimin, C.; Yan, X.; Zhu, P. and Lin, J. (2006). Antioxidant activity and
hepatoprotective potential of agaro-oligosaccharides in vitro and in
vivo. Nutr J., 5: 1186-1275.

Hakimuddin, F.; Tiwari, K.; Paliyath, G.; and Meckling, K. (2008).Grape
and wine polyphenols down-ergulate the expression of signal
transduction genes and inhibit the growth of estrogen receptor-
negative MDA-MB231 tumors in nu / nu mouse xenografts.

Halliwell, B. (1996). Oxygen Species in Pathology with Special Reference
to the Skin.In Oxidative Stress in Dermatology. Marcel Dekker, Inc.,
New York, 3-11.

Halliwell, B. and Gutteridge, J.M.C. (2000). Free radicals in Biology and
medicine. Oxford University Press, 148-149.

Harbone, J.B. (Editor) (1984). Phytochemical ~Methods, 2™
Edition.Chapman and Hall, U.K., pp. 37-99.

Harborne, J.B. (Editor) (1973). phytochemical methods . Science paper
Backs, Chapman and Hall, New York.

Herant, M.; Marganski, W. and Dembo, M. (2003). The mechanics of
neutrophils: synthetic modeling of three experiments. J. Biophysi., 84:
3389-3413.

Hewawasam, R. P. ; Jayatilaka, K. A. P. W.; Pathiranaand, C. and
Mudduwa, L. K. B. (2003). Protective effect of Asteracantha



References 113

longifolia extract in mouse liver injury induced by carbon
tetrachloride and paracetamol. J. Pharm Pharmacol. , 55:1413-1418.

Horikawa, K.; Mohri, T.; Tanaka, Y.and Tokiwa, H. (1994). Moderate
inhibition of mutagenicity and carcinogenicity of benzo[a]pyrene, 1,
6-dinitropyrene and 3, 9-dinitrofluoranthene by Chinese medicinal
herbs. Mutagenesis. , 9: 523-526.

Hudson, 1. and Hay, F. (1989). Immunology. Section I, Backwell Scientific
publication. pp. 116.

Huffman, N. (2003). Leading structures of plant origin for drug
development. J. Ethnopharmacol. , 38: 105-112.

Hughes, D. A. (2001). Dietary carotenoids and human immune function.
Nutr., 1:823-827.

Hut, H.M.; Lemstra, W.; Blaauw, E.H, Van Cappellen, G.W.; Kampinga,
H.H., and Sibon, O.C. (2003). Centrosomes split in the presence of
impaired DNA integrity during mitosis. Mol. Biol Cell. , 14: 1990-
2000.

Ivanova, D.; Gerova, D.; Chervenkov, T. and Yankova, T. (2005).
Polyphenols and antioxidant capacity of Bulgarian medicinal plants. J.
Ethnopharmacol. , 96: 145-150.

Jaffer, H.T.; Mahmoud, M.; Jawad, A.;Nagi, A. and Alnailb, A. (1983).
Phytochemical and biological Screening of some Iragi plant
Fitoterapialix, pp.299.

Janowska-ieczorek,A.;Ratajczak,J.andRatajczak,M.Z.(2007).Leukemia
Inhibitory Factor: A Newly Identified Metastatic Factor in
Rhabdomyosarcomas. Cancer Res., 67: 2131-2140.

Jayatilaka , K. A. P. W. ; Thabrew, M. |.; Pathirana, C.; De Silva, D. G. H.
and Perera, D. J. B. (1989). An evaluation of the potency of Osbeckia
octandra and Melothria maderaspatana as antihepatotoxic agents.
Planta Medicin. , 55: 137-139.



References 114

Jayatilaka, K. A. P. W.; Thabrew, M. I. and Perera, D. J. B. (1990). Effect
of Melothria maderaspatana on carbon tetrachloride induced changes
in rat hepatic microsomal drug metabolizing enzyme activity. J.
Ethnopharmacol. , 30: 97-105.

Jha A. M. and Kumar M. (2006). In vivo evaluation of induction of
abnormal sperm morphology in mice by an unsaturated aldehyde
crotonaldehyde. Mutat. Res., 603:159-163.

Jha, A.M. and Bharti, M.K. (2002). Mutagenic profiles of carbazole in the
germ cells of Swiss albino mice, Mutat. Res., 500: 97-101.

Jonathan, M.; Mata-Chavez, H. and Nguyen, K. (2007). TLC plates as a
convenient platform for solvent-free reactions. Chem. Commun., 10:
1240-1241.

Jung, C. H.; Zhou, S.; Ding, G.X.; Kim, J. H.; Hong, M. H.; Shin, Y. C,,
Kim, G. J. and Ko, S. G. (2006). Antihyperglycemic activity of herb
extracts on streptozotocin-induced diabetic rats. Biosci Biotechnol
Biochem., 70: 2556-2559.

Jung, M.; Park, M. (2007). Acetylcholinesterase inhibition by flavonoids
from Agrimonia pilosa. Molecules. , 12: 2130-2139.

Kanakis, C.;Tarantilis, P.; Polissiou, M. and Heider, T. (2006). Interaction
of Antioxidant Flavonoids with tRNA: Intercalation or External
Binding and Comparison with Flavonoid-DNA Adducts. DNA Cell
Biol., 25: 116-123.

Kebieche, M.; Lakroun, Z.; Lahouel, M.; Bouayed, J.; Meraihi, Z. and
Soulimani, R. (2008). Evaluation of epirubicin-induced acute
oxidative stress toxicity in rat liver cells and mitochondria, and the
prevention of toxicity through quercetin administration. J. Toxicol
Sci., 25: 66-69.

Kenton, N.; Fedde, T.; Michael, P. and Whyte, L. (2001). Alkaline

phosphatase (tissue-nonspecific isoenzyme) is a phosphoethanolamine



References 115

and  pyridoxal-5-phosphate  ectophosphatase:  normal  and
hypophosatasia fibroblast study. Am. J. Hum. Genet. , 47: 767-775.

Kenyon, A.S. and Layloff, T.P. (2000).Training for Rapid Screening of
Drugs by TLC. J. Chromatogr A., 15: 1639-1641.

Khurana, S. and Mukhopadhyay, A. (2007). Characterization of the
potential subpopulation of bone marrow cells involved in the repair of
injured liver tissue. Stem. Cells. , 25: 1439-1447.

Ko, K. M.; Ip, S. P.; Poon, M. K. T. ;Wu, S. S.; Che, C. T.; Ng, K. M. and
Kong, Y. C. (1995). Effect of lignan enriched Fructus schisandrae
extract on hepatic glutathione status in rats: Protection against carbon
tetrachloride. Planta Medicin. , 61:134-137.

Kokdil, G.; Tamer, L.; Ercan, B.; llcim, A.; Aras, N. and Atik, U. (2005).
Effects of Nigella unguicularis fixed oil on blood biochemistry and
oxidant/antioxidant balance in rats. J. Ethnopharmacol. , 99: 131-135.

Koshiura, R., Miyamoto, K., Ikeya, Y. and Taguchi, H. (1985). Antitumor
activity of methanol extract from roots of Agrimonia pilosa Ledeb.
Jpn J. Pharmacol. , 38: 9-16.

Kuzu, N.; Metin, K.; Dagli, AF.; Akdemir, F.; Orhan,C.and
Yalniz,M.(2007). Protective role of genistein in acute liver damage
induced by carbon tetrachloride.

Kwon, D. H.; Kwon, H.Y.; Kim, H.J.; Chang, E. J.; Kim, M. B.; Yoon,

S.K.;Song, E.Y.;Yoon, D.Y.; Lee, Y.H.; Choi, I.S. and Choi,
Y. K. (2005). Inhibition of hepatitis B virus by an aqueous extract of
Agrimonia eupatoria L. Phytother Res., 19: 355-358.

Li, W.G.; Zhang, X.Y.; Wu, Y.J. and Tian, X. (2001). Anti-inflammatory
effect and mechanism of proanthocyanidins from grape seeds. Acta

Li, Y.; Ooi, L. S.; Wang, H.; But, P. P. and Ooi, V. E. (2004). Antiviral

activities of medicinal herbs traditionally used in southern mainland
China. Phytother Res., 18: 718-722.



References 116

Lih-Geeng, C.; Wen-Tsung, H.; Lain-Tze, L. and Ching-Chiung, W. (2009).
Ellagitannins from Terminalia calamansanai induced apoptosis in
HL-60 cells. Toxicol In Vitro. , 23: 603-6009.

Lin, C.C.; Yen, M.H.; Lo, T.S. and Lin, J.M. (1998). Evaluation of the
hepatoprotective and antioxidant activity of Boehmeria nivea var.
nivea and B.nivea var. tenacissima. J. Ethnopharmacol., 60: 9-17.

Lodovici, M.; Guglielmi, M. and Meoni, P. (2001). Effect of natural
phenolic acids on DNA oxidation in vitro. Food Chem Toxicol. , 39:
1205-1210.

Lonneke, C.; Hollman, C.; Boots, A. and Kleeinjans, J. (2005). Protection
by quercetin and quercetin-rich fruit juice against induction of
oxidative DNA damage and formation of BPDE-DNA adducts in
human lymphocytes. Mutat Res., 582: 155-162.

Lydyard, P. and Grossi, C. (1998). Cells involved in the immune response.
In: Immunology, 5" Edition,Edited by I.Roitt,J.Biostoff and D.Male .
Mosby International Ltd. U.K. pp. 14-30.

Maldonado, O.; Demasi, R.; Maldonado, Y.; Taylor, M.; Troncale, F. and
Vender, R.(1998). Extremely high levels of alkaline phosphatase in
hospitalized patients. J. Clin Gastroenterol. , 27: 342-345.

Manna, P.; Sinha, M. and Sil, C.P. (2006). Aqueous extract of Terminalia
arjuna prevents carbon tetrachloride induced hepatic and renal
disorders. BMC Complement Altern Med., 6: 33-36.

Martin, R.H. (2003). Chromosomal abnormalities in human sperm. In
Advances in Male-Mediated developmental toxicity. New York,
Plenum Press, 518:181-188.

Martin, R.H.; Ko, E. and Barclay, L. (1994). Human sperm karyotypes. In
Human chromosomes: manual of basic techniques. New York,
McGraw-Hill; 56-65.



References 117

Martino-Roth, M. G.; Viégas, J. and Roth, D.M. (2003). Occupational
genotoxicity risk evaluation through the comet assay and the
micronucleus test. Genet. Mol. Res., 2: 410-417.

Matise, M.P., Auerbach, W. and Joyner, A.L. (2000). Mouse embryonic
stem (ES) cell culture. Mol. Bio., 16: 80-83.

Matkowski, A. (2008). Plant in-vitro culture for the production of anti-
oxidants-A review. Biotechnol Adv., 26: 584-560.

Matsuda, H.; Ninomiya, K.; Shimoda, H. and Yoshikawa, M. (2002).
Hepatoprotective principles from the flowers of Tilia argentea
(Linden): structure requirements of tiliroside and mechanisms of
action. Bioorg Med Chem., 10: 707-210.

Melzig, M.F.; Pertz, H.H. and Krenn, L. (2001) Anti-inflammatory and
spasmolytic activity of extracts from Droserae herba. Phytomedicine.,
8: 225-228.

Michal, T. and Klaus, P. L., (2008). Potentilla-A review of its
phytochemical and pharmacological profile. Jpn J. Pharmacol. , 122:
148-204.

Min, B. S.; Kim, Y. H.; Tomiyama, M.; Nakamura, N.; Miyashiro, H.;
Otake, T. and Hattori, M. (2001). Inhibitory effects of Korean plants
on HIV-1 activities. Phytother Res., 15: 481-486.

Miyamoto, K.; Kishi, N. and Koshiura, R. (1987). Antitumor effect of
agrimoniin, a tannin of Agrimonia pilosa Ledeb., on transplantable
rodent tumors. Jpn J. Pharmacol., 43: 187-195.

Miyamoto, K.; Kishi, N.; Murayama, T.; Furukawa, T. and Koshiura, R.
(1988). Induction of cytotoxicity of peritoneal exudate cells by
agrimoniin, a novel immunomodulatory tannin of Agrimonia pilosa

Ledeb. Cancer Immunol Immunother. , 27: 59-62



References 118

Mochizuki, M.; Shimizu, S.; Umeshita, K.; Kamata, T.; Kitazawa, T. and
Edamoto, H. (2009). Carbon tetrachloride-induced hepatotoxicity in
pregnant and lactating rats. J. Toxicol Sci. , 34: 175-181.

Mollinedo, F. and Gajate, C. (2003). Microtubules, microtubule-interfering
agents and apoptosis. Apoptosis., 8:413-450.

Moreiras, H.; Ninomiya, K.; Shimoda, H. and Yoshikawa, M. (1995).
Hepatoprotective principles from the flowers of Tilia argente
(Linden): structure requirements of tiliroside and mechanisms of
action. Bioorg Med Chem., 10: 707-708.

Morel, 1.; Lescoat, G.; Cillard, P. and Cillard, J. (1994). Role of flavonoids
and iron chelation in antioxidant action. Methods of Enzymoogy. ,
234 437-443.

Moura, A. C.; Perazzo, F. F. and Maistro, E. L. (2008). The mutagenic
potential of Clusia ala (Clusiaceae) extract based on two short-term in
vivo assays. Genet Mol Res., 7: 1360-1368.

Munoz, M. and Wilkomirsky, T. (2004). Plantas medicinales de uso en
chile. Quimicay farmacologia. Editorial universitaria, S.A. Scopus.

Murayama, T., Kishi, N., Koshiura, R., Takagi, K., Furukawa, T. and
Miyamoto, K. (1992). Agrimoniin, an antitumor tannin of Agrimonia
pilosa Ledeb., induces interleukin-1. Anticancer Res., 12: 1471- 1474,

Nadir, M.T.; Salih, F. M.; Dhahir, A. J.; Nori, M. and Hussain, A. M.

(1986). Antimicrobial activity of Salvia species indigenous to Iraqi.
J. Biol Sci Res., 17: 109-117.

Naini, S.; Etheridge, K.T.;, Adam, S.J.; Qualman. S.J.; Bentley,
R.C.;Counter, C.M.and Linardic, C.M.(2008). Defining the
cooperative genetic changes that temporally drive alveolar
rhabdomyosarcoma. Cancer Res., 68:9583-9588.



References 119

Nara, N. and McCulloch, E. (1985). The proliferation in suspension of the
progenitors of the blast cells in a cute myeloblastic leukemia. Blood.,
65:1484-1492.

Nefic, H. (2001). Anticlastogenic effect of Vitamin C on cisplatin induced
chromosome aberrations in human lymphocyte cultures. Mutat Res.,
498: 89-98.

Neuschhwander-Terti, B.A. (1995). Common blood tests for liver
disease.Which ones are most usefule. Postgrad Med J. , 98:49-56.

Niki, E. and Noguchi, N. (1997). Protection of human low-density
lipoprotein from oxidative modification by vitamin C. In: Packer L,
Fuchs J, eds. Vitamin C in health and disease. New York: Marcel
Dekker Inc, 183-192.

Odeigah, P.G.C. (1997). Sperm head abnormalities and dominant lethal
effects of formaldehyde in albino rats, Mutat Res., 189: 141-148.
Ohali, A.; Avigad, S.; Naumov, I.; Goshen, Y.; Ash, S.and Yaniv, I. (2008).
Different telomere maintenance mechanisms in alveolar and
embryonal rhabdomyosarcoma. Genes Chromosomes Cancer. , 47:

965-70.

Packer, L. (1997). Vitamin C and redox cycling antioxidants. In: Packer L,
Fuchs J, eds. Vitamin C in health and disease. New York: Marcel
Dekker Inc, 95-121.

Padayatty, S.; katz, A.; Wang, Y.; Kown, O.; Lee, J.; Chen, S.; Crope, C.;
Dutta, A.; Dutta, S. and Levine, M. (2003). Antioxidant: evaluation of
its role in disease prevention. J. Am Coll Nutr., 22: 18-35.

Palanivel, M.G.; Rojkapoor, B.; Kumar, R.S.; Einstein, JW.; Kumar, P.K,;
Mani, R.K.; Kavitha, K.; Kumar, M.P. and Jayakar, B. (2008).
Hepatoprotective and antioxidant effect of Pisonia aculeate L. against
CCl4-Induced hepatic damage in rats. Sci Pharm., 76: 203-215.



References 120

Pan, Y.;Liu, H. X.; Zhuang, Y. L.; Ding, L. Q.; Chen, L. X. and Qiu, F.
(2008). Studies on isolation and identification of flavonoids in herbs
of Agrimonia pilosa. Zhongguo. Zhong. Yao. Za. Zhi., 33: 2925-2928.

Parakash, J. and Gupta, S.K. (2004). Natural products for chemoprevention.
Indian J Medicin and Pediatric Oncology., 25: 73-53.

Park, E. J.; Oh, H.; Kang, T. H.; Sohn, D. H. and Kim, Y. C. (2004). An
iIsocoumarin with hepatoprotective activity in Hep G2 and primary
hepatocytes from Agrimonia pilos. Arch Pharm Res., 27: 944-946.

Pellecchia, M. and Reed, J.C. (2004). Inhibition of anti-apoptotic Bcl-;
family proteins by cancer chemoprevention and chemotherapy. Curr.
Pharm. Des., 10: 1387-1398.

Perera, M.G.A.N; Soysab, S.S.S.B.D P; Abeytungac, D.T.U. and
Ramesha, R.(2008).Antioxidant and cytotoxic properties of three
traditional decoctions used for the treatment of cancer in Sri Lanka.
Phcog Mag., 4: 172-181.

Perez —Serrano, J.; Denegri, G.; Casado, N. and Fodriguez-Cabaeiro.
(1997). In vivo effect of oral albendazole and albendazole sulphoxide
on development of secondary echinococcosij in mice. Int J Parasitol. ,
27: 1341-1345.

Phuangsab, A.;Lorence, R.M.;Reichard, K.W.;Peeples, M.E; and
Walters,R.J.(2001). Newcastle disease virus therapy of human tumor
zenograftsi intitumor effects of local or systemic administration.
Cancer Lett. , 172:72-36.

Pradhan, S.C. and Girish, C. (2006). Hepatoprotectie herbal drug. Silymarin
from experimental pharmacology to clinical medicine. Indian J. Med
Res., 124: 491-504.

Rajesh, M.G. and Latha, M .S. (2004). Protective activity of Glycyrrhiza
glabra Linn. on Carbon tetrachloride-induced peroxidative damage.
Indian J. Pharmacol. , 36:284-287.



References 121

Reichling, J.J. and Kaplan, M. M. (1988). Clinical use of serum enzymes in
liver diseases. Dig Dis Sci. , 33:1601-1614.

Reitman, S.; and Frankel,A.S. (1957).A colorimetric method for the
determination of serum glutamic oxaloacetatic and glutamic pyruvic
transaminases Am J. Clin Pathol.,28:56-58.

Rémésy, C. (2001). Comparison of the intestinal absorption of
quercetin,phloretin and their glucosides in rats. J. Nutr. , 131: 2109-
2111.

Rice -Evans, C.A.; Miller, N.J. and Pagang , G. (1997) . Antioxidant
properties of phenolic compounds. Trends Plant Sci., 2:152-159.
Richard, A. and Pamela, C. (Editors) (2008). Lippincotts Illustrated
Reviews Immunology. Williams and Wilkins, London, PP. 4-40.
Roitt, I.; Brostoff, J. and Male, D. (2001). Immunology. 6" ed. Chapter 8.

Mosby.

Rojas-Grau, M.A.; Soliva-Fortuny, R. and Niartin-Belloso, O. (2009).
Effect of natural antibrowning agents on color and related enzymes in
fresh-cut Fuji apples as an alternative to the use of ascorbic acid. J.
Food Sci., 73: 267-272.

Roland, M. N. (2006) "Eradication of Cross-Contaminated Cell Lines"
white paper, Society for In-Vitro Biology.

Russo, A.; Cardil, V.; Lombardo, L.; Vanella, L.; Vanella, A. and Garbarino,
J.A. (2005). Antioxidant activity and antiproliferative action of
methanolic extract of Geum quellyon Sweet roots in human tumor cell
lines. J. Ethnopharmacol., 100: 323-332.

Saif, M.W. (2008). Is there a role herbal medicine in the treatment of
pancreatic cancer? JOP., 9: 403-407.

Sala, A.; Recio, M.C.; Schinella, G.R.;Méfiez, S.; Giner, R.M.; Cerdé-
Nicolds, M. and Rios, J.L. (2003). Assessment of the anti-



References 122

inflammatory activity and free radical scavenger activity of tiliroside.
Eur J. Pharmacol., 461: 53-57.

Saladin, K.S., and Porth, C.M. (1998). Anatomy and physiology, the unity
of form and function. McGraw-Hill, USA.

Sampath, D. and Plunkett,W. (2001). Design of new anticancer therapies
targeting cell cycle checkpoint pathways. Current Opinion in
Oncology., 13:484-490.

Sanmugapriya, E. and Venkataraman, S. (2006). Studies on
hepatoprotective and antioxidant actions of Strychnos potatorum Linn.
Seeds on CCl4-induced acute hepatic injury in experimental rats. J.
Ethnopharmacol., 105: 154-160.

Santos-Buelga, C. and Scalbert, A. (2000). Proanthocyanidins and tannin-
like compounds—nature, occurrence, dietary intake and effects on
nutrition and health. J. Sci in Food and Agri., 80: 1094-1097.

Sarkar, K.; Ghosh, A.; Kinter, M.; Mazumder, B. and Sil, P.C. (2006).
Purification and characterization of a 43 kD hepatoprotective protein
from the herb Cajanus indicus L.Protein.

Schmid, W. (1976). The micronucleus test for cytogenetic analysis.
Chemical Mutagens, Principles and Methods for their Detection.
4.Hollaender A, (Ed.) Plenum New York and London.pp. 31-53.

Seitz,G.;Warmann,S.W.;Fuchs,J.;Heitmann,H.;Mahrt,J.andWessls,
J.T.(2007). Imaging of cell trafficking and metastases of paediatric
rhabdomyosarcoma. Cell Prolif. , 41: 365-374.

Serrano, P.; Denegri, G.; Casado, N. and Cabaerio, F. (1997). In vivo effect
of oral albendazole and albendazole sulphoxide on development of
secondary echinococcosij in mice. Int J Parasitol. , 27: 1341-1345.

Shamberger, R.J. (1984) Genetic toxicology of ascorbic acid. Mutat Res.,
133:135-159.

Sharrer, T. (2006)."HeLa" Herself. The Scientist. Cancer cell. , 20: 7- 22.



References 123

Shenoy,A. K. ; Somayaji, S.N. and Bairy, K.L. ( 2002). Evaluation of
hepatoprotective activity of Gingo biloba in rats. Indian J. Pharmacol.
, 46:167-174.

Shetty, K. (1997). Biotechnology to Harness the benefits of dietry phenolics:
focus on Lamiaceae. Asia Pacific. J. Clin Nutr. , 6:162-171.

Smolensk, S.J.; Silinis,H. and Fransworth,N.R. (1972).Alkaloid screening.

Annals of Biochem., 35:31-34.
Sood, R. (1986). Hematology for students and practitioners. Jaypee Brothers,
New Delhi, India.

Sousek, J.; Guedon, D.; Adam, T.; Bochorakova, H, and Simanek, V.
(1999). Alkaloids and organic acid contant of eight Fumaria species.
Phytochem Anal., 10: 6-11.

Stahle , E. (1969) . Thin layer chromatography a laboratory hand book , 2nd
ed., translated by Ashworth , M. Spring —verag , Berlin , heidelberty ,
New Yourk .213-230.

Stal, P. and Olson, J. (2000) Oxidative stress, and liver carcinogenesis. In
Coenzyme Q: Molecular Mechanisms in Health and Disease. CRC
Press, Boca Raton; 317-329.

Suja, S.R.; Latha, P.G.; Pushpangadan, P. and Rajasekharan, S. (2004).
Evaluation of hepatoprotective effects of Helminthostachys Zeylanica
(L.) Hook against carbon tetrachloride induced liver damage in Wistar
rats. J. Ethnopharmacol., 92: 61-66.

Sun, F.; Ko, E. and Martin, H.R. (2006). Relationship between sperm
chromosome abnormalities and sperm morphology. Reprod Biol
Endocrinol., 4: 1-2.

Takada, S.; Kelkar, A., and Theurkauf, W.F. (2003). Drosophila checkpoint
kinase 2 couples centrosome functions and spindle assembly to

genomic integrity. Cell, 113:87-99.



References 124

Tomisato, M.; Chiba, M.; Kasi, K.; Nozaka, H.; Nakamura, T.; Shoji, T.;
Kanda, T.; Ohtake, Y. and Sato, T. (2007). Apple procyanidins induce
tumor cell apoptosis through mitochondrial pathway actiation of
caspase-3. carcinogenesis., 29: 585-593.

Tomlinson, C.T.M.; Nahar, A.; Sarker, S.D. and Copland, A. (2003).
Flavonol glycosides from the seeds of Agrimonia eupatoria
(Rosaceae). Phytopharmaceutical Res., 31: 439-441.

Torous, D.; Hall, N.; Diehl, M.; Cederbrant, K.; Sandelin, K.; Pontén, 1,;
Bolcsfoldi, G.; Tometsko, A. and Dertinger, S. (2005). Mouse
Micronucleus Assay for Medical and Dental Devices. Environ and
Mol Muta., 45: 44-55.

Tsao, C.S. (1997). An overview of ascorbic acid chemistry and
biochemistry. In: Packer L, Fuchs J, eds. Vitamin C in health and
disease. New York: Marcel Dekker Inc, 25-58.

Valcheva-Kuzmanova, S.; Borisova, P.; Galunska, P.; Krasnaliev, I. and
Belcheva, A. (2004). Hepatoprotectie effect of the natural fruit juice
from Aronia melanocarpa on carbon tetrachloride-induce acute liver
damage in rats. Exp. Toxicol Pathol., 56: 195-201.

Valles, E.G; De Castro, C.R. and De Castro, J.A. (1994). N-Acetylcysteine
is an early but also a late preventive agent against carbon
tetrachloride-induced liver necrosis. Toxicol Lett. , 71: 87-95.

Venskutonis, P. R.; Skemaite, M. and Ragazinskiene, O. (2007). Radical
scavenging capacity of Agrimonia eupatoria and Agrimonia procera.
Fitoterapia., 78: 166-168.

Venukumar, M.R. and Latha, M.S. (2002). Antioxidant activity of
Curculigo orchioides in carbon tetrachloride induced hepatopathy in
rats. Indian J. Clin Biochem., 17: 80-87.

Vlietinck, A.J. (2004). Proanthocyanidins in health care: current  and new
trends. Curr Med Chem., 11: 1345-1347.



References 125

Walle, T.; Vincent, T. and Walle, U. (2003). Evidence of covalent binding of
the dietary flavonoid quercetin to DNA and protein in human
intestinal and hepatic cells. Biochem and Pharmacol. , 65: 1603-1610.

Weber, M.L. (2009). New therapeutic aspects of flavones: The anticancer
properties of Scutellaria and its main active constituents Wogonin,
Baicalein and Baicalin. Cancer Treat Rev., 35: 57-68.

Weber, P.; Bendich, A. and Schalch, W. (1996). Vitamin C and human
health—a review of recent data relevant to human requirements. Int J.
Vitam Nutr Res., 66: 19-30.

William, E. (2008). Fundamental Immunology. Sixth edition, lippincott
Williams and Wilkins, A Wolters Cluwers business, Philadelphia. pp.
289-317.

Witt,K.L.;Livanos,E.;Kissling,G.E.;Torous,D.K.;Caspary,W.;Tice,R.R.andR
ecio,L.(2008). Comparison of flow cytometry-and microscopy-based
methods for measuring micronucleated reticulocyte frequencies in
rodents treated with nongenotoxic and genotoxic chemicals. Mutat
Res., 8:101-1083.

Woodall, A.A. and Ames, B.N. (1997). Diet and oxidative damage to DNA:
the importance of ascorbate as an antioxidant. In: Packer L, Fuchs J,
eds. Vitamin C in health and disease. New York: Marcel Dekker Inc,
193-203.

Wyrobek, A.J. and Bruce, W.R. (1975). Chemical induction of sperm
abnormalities in mice, Proceeding Natural and Acadimic Science.
(U.S.A)), 72: 4425-4429,

Wyrobek, A.J.; Gordon, D.A.; Bukhari, J.K.; Francies, M.W.; Kapp, R.W.;
Letz, G.; Malling, H.V.; Topham, J.C. and Whorton, M.D. (1983). An
evaluation of the mouse sperm morphology test and other sperm tests
in non-human animals. A Report of the U. S. Environmental

Protection Agency Gene-Tox Program. Muta Res., 115: 1-72,



References 126

Wysoczynski, M.; Miekus, K.; Jankowski, K.; Wanzeck, J.; Bertolone,
S.;Janowska-Wieczorek, A.; Ratajczak, J. and Ratajczak, M. Z.(2007).
Leukemia Inhibitory Factor: A Newly ldentified Metastatic Factor in
Rhabdomyosarcomas. Cancer Res, 67: 2131-2140.

XD, X.U.; XR, H.U. and JS, Y. (2008). Review of studies on active
components of antitumor medicinal plants. Zhongguo Zhong Yao Za
Zhi. 33: 2073-2081.

Xu, X.; Qi, X.;; Wang, W. and Chen, G. (2005). Separation and
determination of flavonoids in Agrimonia pilosa Ledeb. by capillary
electrophoresis with electrochemical detection. J. Sep Sci., 28: 647-652.

Yadav, N.P. and Dixit, V.K. (2003). Hepatoprotective activity of leaves of
Kalanchoe pinnata Pers. J. Ethnopharmacol., 86: 197-202.

Yamamoto, Y. and Yamashita, S. (1999). Plasma ubiquinone to ubiquinol
ratio in patients with hepatitis, cirrhosis, and hepatoma, and in patients
treated with percutaneous transluminal coronary reperfusion. Biol
Fact., 9:241-245.

Yaolan, L.l.; Linda, S.M.; Hua, W.; paul, P.H. and Vincent, E.C. (2004).
Antiviral activities of medicinal herbs traditionally used in southern
mainland china. Phytother Res., 18: 718-722.

Yaseen, N. Y. (1990). Cytogenetic study of human colorectal cancer. Ph.D.
thesis/University Sheffield. U. K.

Zelikoff, J.T.; Li, J.H.; Hartig, A.; Wang, X.H.; Costa, M. and Rossman,
T.G. (1988). Genetic toxicology of lead compounds. Carcinogenesis.,
9:1727-1732.

Zhai, S.; Dai, R.; Friedman, F.K. and Vestal, R.E. (1998). Comparative
inhibition of human cytochromes P450 1Al and 1A2 by flavonoids.
Drug Metab Dispos., 26: 989-992.



Appendices

Appendix I: General laboratory equipments

Equipment Company / Country
Autoclave SES little Sister / England
Centrifuge Beckman / England

Cooled incubator

Memmert / Germany

Digital camera

Mercury / China

Electrical balance

Sartorius / Germany

ELISA reader Ovganon Teknika
Hemocytometer Neubauer / Germany
icroscope Motic / Japan
Incubator Memmert /Germany

Laminar flow hood

Heraeus / Germany

Microfuge Eppendorf / Germany
Micropipette Gilson / France
Microtome Gallenkamp / England
Oven Osaw / India

pH meter Radiometer / Denmark

Rotary evaporator

Buchi / Switzerland

Shaking water bath Gallenkamp / England
Soxhlet Electrothermol / England
Vortex Giffin / England

Water bath Gallenkamp / England
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Appendix II: Chemical materials.

Chemical Material

Company / Country

Alkaline phosphatase Kit

Bio Merieux / France

ALT Kit Randox Company/U.K
AST Kit Randox Company/U.K
Calcium chloride BDH / England
Canada Balsam BDH / England
Carbon tetrachloride BDH / England
Chloroform BDH / England
Colchicine Ibn Hayan /Syria
Eosin stain BDH / England

Ethanol

Ferak / Germany

F€C12

Fluka / Switzerland

Fetal calf serum

Sigma / U.S.A.

Giemsa stain

Fluka / Switzerland

Glacial acetic acid

Fluka / Switzerland

Glycerin

Fluka / Switzerland

Haematoxylin stain

BDH / England

Heparin

Leo Pharmaceutical / Denmark

Human plasma

Biotest pharma /Germany

Hydrochloric acid

Sigma / U.S.A.
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Lead acetate (CH3Coopb)

Fluka/ Switzerland

Lieshman Stain

Merck/ Germany

Mercuric oxide (red)

BDH / England

Methanol Fluka / Switzerland
Methylene Blue Fluka/ Switzerland
Neutral Red Sigma / U.S.A.
Penicillin Sigma / U.S.A.

Potassium Chloride (KCI)

Fluka / Switzerland

Potassium hydroxide (KOH)

Fluka / Switzerland

Potassium lodide (KI) Fluka / Switzerland
RPMI-1640 Sigma / U.S.A.
Sodium bicarbonates (NaHCOs) BDH / England
Sodium hydroxide (NaOH) Sigma / U.S.A.
Streptomycin Sigma / U.S.A.

Trypan Blue stain

Pharmaciafine chemical Uppsala /

Sweden
Trypsin Sigma / U.S.A.
Versene BDH/ England

Vitamin C (ascorbic acid)

Drugs factory of Samara / Iraq

Xylene

BDH / England




, (AST, ALT and ALP) (

(Human cervical cancer; HeLa and Rhabdomyosarcoma; RD cell lines)
(Mouse embryonic fibroblast; MEF)

(Agrimonia eupatoria)
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kaempferol, quercetin , isorhamnetin and myricetin ).
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