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THE PROTECTIVE POTENCY OF GREEN TEA AND GINGER
EXTRACTS ON THE GENOTOXIC EFFECT OF MALATHION
INSECTICIDE IN BONE MARROW CELLS OF MICE (MUS

| MUSCULUS)
[70]

Ekram F. Hashim' and Ehab M. Abdeila’
ABSTRACT

In present set of investigations the chemoprotective effect of green tea and gin-
ger exiracts has been evaluated using in vive chromosomal aberrations assay in al-
bino mice (Mus musculus). The organophosphate agropesticide malathion, 80%
technicat grade consider as a potent genotoxic agent, was given at a single dose 230
mg/kg b.w. (1/12 LD50) intraperitoneally. Pretreatment with 4 and 3% of freshly
prepared green tea (GTI), ginger (GI) extracts, respectively and the mixture of both
extracts (GTI+GI) were given through oral incubation for 6 days prior to malathion
administration. Animals from all the groups were sacrified at sampling times of 24
and 48 hours and their bone marrow cells were analyzed for chromosomal damages.
The animals of the positive control group (Malathion alone) showed a significant in-
crease in chromosomal aberrations both at 24 and 48 h sampling time. The green tea
and ginger extracts, alone did not significantly induced aberrations at either sam-
pling time, conforming their non-mutagenicity. However, significant suppressions in
the chromosomal aberrations were recorded following pretreatment with green tea
and ginger extracts administration. The antigenotoxic effects of both extracts sepa-
rately and in mixture were also evident, as observed by significant increase in mi-
totic index, when compared to positive control group. Reduction in malathion in-
duced clastogenicity by both extracts, was evident at 24 h and to a much greater ex-
tent at 48 h of cell cycle. Thus results of the present investigations revealed that
green tea and ginger extracty have chemoprotectlve potentla] against malathion in-
duced chromosomal mutations in albino mice.
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INTRODUCTION

Food may contain protective -an-
timutagenic or anticarcinogenic sub-
stances, of which most are present in
plants, e.g. giucosinolates in vegetables,
vitamin C in fruit, and polyphenolic com-
pounds in green tea and ginger (De-
Marini, 1998).

Inhibition of mutagenesis or carcino-
genesis is generally not based on one spe-
cific mechanism. Protection against can-
cer can occur at different stages of the
complicated processes of carcinogenesis.
Compounds and complex mixtures with
antimutagenic activity have different
modes of action and act in parallel at dif-
ferent levels. As inhibitors, they may pre-
vent the formation of mutagens, such as

the endogenous formation of nitrosa- .

mines. As blocking agents, théy can pre-
vent the biotransformation of pre-
mutagens into reactive metabolites by
inhibiting metabolic activation, by stimu-
lating detoxification enzymes, or by
scavenging reactive molecules. As sup-
pressing agents, they may modulate intra-
cellular processes, which are involved in
DNA repair mechanisms, tumor promo-
tion and tumor progression (Bailey and
Wiltiams, 1993 and Krul et af 2001).
Tea (Thea sinensis), the most widely
consumed beverage in the wortd next to
water, has drawn attention:as a source of
antimutagenic compounds. Mechanisms
to explain this activity have been pro-
posed and include direct binding to
mutagens, modification of metabolic en-
zymes and antioxidant activity (Woeis-
burger, 1999). Although in animal stud-
ies an inhibitory effect of tea on cancer

incidence has been observed, the evi-

dence for an effect on human cancer is
not conclusive (Kohlmeier er al 1997).
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This is partly due to lack of informa-
tion on the bioavailability in the human
digestive tract of the active components
in tea, especially in combination with our
common diet. Among many pelyphenolic
compounds isolated from green tea, (-)-
epigallocatechin gallate (EGCG) is be-
lieved to be a key active constituent in
terms of cancer chemoprotective potential
(Fuajiki er af 1992, Komori et al 1993,
Fujiki et al 1994, Fujiki et af 1996 and
Conney ef al 1997). The strong antioxi-
datjve activity retained in this polyphenol
has been confirmed in numerous in vive
and in vitro studies (Ho et al 1992, Wei
and Frenkel, 1993, Lin and Lin, 1997
and Yoshioka er al 1997), which appears
to contribute in part to the antimutagenic
and anticarcinogenic effects of green tea.

.. Thus, pretreatment of SENCAR mice

with EGCG significantly ameliorated
TPA-induced infiltration and diminished
the formation of hydrogen peroxide and
oxidized DNA bases including 8-
hydroxy-2'-deoxyguanosine  (8-OH-dG)
and 5-hydroxymethyl-2’-deoxyuridine in
the skin (Wei and Frenkel, 1993).

Ginger (Zingiber officinale Roscoe) is
among the most frequently -and heavily
consumed dietary condiments throughout
the world. Besides its extensive use as a
spice, the rhizome of ginger has also been
used in traditional oriental herbal medi-
cine for the management- of such symp-

- toms as common coid, digestive disor-

ders, rheumatism, neurologia, colic and
motion-sickness. The oleoresin from rhi-
zomes of ginger contains [6]-gingerol (1-
[4"-hydroxy-3'-methoxyphenyl}-5-

hydroxy-3-decanone) and its homologs as
pungent ingredients that have been found
to possess many interesting pharmacol-
ogical and physiological activities, such
as anti-inflammatory, analgesic, antipy-
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retic, antihepatotoxic, and cardiotonic
effects (Mustafa e a/ 1993 and Surh
1999).

Malathion, an organophosphate insec-
ticide, is the most commonly used insec-
ticide. According to the U.S. Environ-
mental Protection Agency (US-EPA
2000), there is "suggestive evidence” that
Malathion causes cancer. However, re-
cent studies provide stronger evidence: 4
technical grade malathion insecticide
caused breast cancer in laboratory ani-
mals, and malathion use by farmers is
associated with an increased incidence of
a type of cancer, non-Hodgkin's lym-
phoma (Ernmst, 2002 and Meulenberg,
2002).

Results from a variety of recent stud-
ies are consistent with the genotoxicity
and the carcinogenicity of maiathion in-
secticide. Contreras and Bustos-
Obregén, (1999} and Giri ef al (2002)
showed that, maiathion given orally
caused genetic damage in [aboratory
mice. Another 2002 study, from Egypt's
National Research Center, showed that
mice fed with stored wheat that had been
treated with a commercial malathion' in-
secticide developed two kinds of genetic
damage. The damage occurred at all dose
levels tested in this study (Amer ef af
2002). Blasiak and Stankowska (2001)
showed that malathion, its oxygen ana-
logue malaoxon, and its isomer
isomalathion cause genetic damage in
human cells,

The aim of this study was to investi-
gate the protective effects of aqueous
extracts of green tea and ginger, which
they used separately or in mixture, on the
genotoxic effect of malathion insecticide
in albino mice using cytogenetic end
points.
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MATERIAL AND METHODS
Green tea and ginger extracts

The green tea (GTI) and ginger (Gl)
infusions were freshly prepared everyday
for the duration of in vivo study (4 g of
green tea leaves/100 ml hot water and 3 g
of ginger rhizomes/100 ml! hot water).
The concentrations of the natural extrac-
tion used in the present study were se-
lected with reference to concentration
range that has been used in previously
published papers (Surh, 1999 and Gupta
ef al 2002). The green tea leaves and the
ginger rhizomes were procuréd from local
traditional oriental medicine market.

Chemicals

Malathion[S-(1,2-dicarboethoxyethyl)
0,0-dimethyl phosphorodithioate]-
technical grade (80% purity and the re-
mainder 20% is other Malathion meta-
botic products as malaoxon [S-(1,2-
dicarboethoxyethy!)O,0-dimethyl phos-
phoro-thiolate]  and  its isomer
isomalathion [S+(1,2-dicarboethoxyethyl)
0,5-dimethy! phosphorodithioate]- has
been supplied by Ministry of Agriculture,
Land Reclamation Branch, while Colchi-
cine was obtained from Sigma-Aldrich
Chimie (Saint-Quentin Fallavier, France).
All other chemicals used in the study
were analytical grade.

Experimental animals

The experimental animals used in this
work were adult males of the laboratory
albino mice Mus musculus (18-28 g in
weight). Animals were obtained from
Giza Research Center of Optic Diseases.
All animals were housed in plastic cages
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with wired covers and kept under normal
laboratory cenditions for different peri-
ods. The animals were fed on the stan-
dard commercial diet (ATMID company,
Egypt), and provided with tap water,

Treatment schedule

The pre-treatment of animals with
GTI, GI or GTI + Gl mixture were per-
formed along with malathion post-
treatment to male mice, The animals were
divided in to seven groups of 10 animals
each. The animals of the group I were
used as a control and no treatment was
given. The animals of groups Ii and IIY
were treated by GTI and GI respectively,
through oral intubation for six days con-
secutively. The animals of the group 1V
were served as positive control and only
malathion was given at the singie dose of
230 mg/kg body weight (corresponding to
1712 LD50) intraperitoneally. The dose
used in the present study was selected
with reference to the LD50 and the dose
range that has been used in previously
published papers dealing with the
mutagenicity of malathion in mice (Sal-
vadori et al 1988 and Blasiak er af
1999). While the animals of the groups V,
V1 and V1, were given the pre-treatment
of GTI, GI and GTI+Gl respectively,
through oral intubation for six days con-
secutively, and malathion treatment was
given after | hour of the last dose of GTI,
Gl or GTI + GI mixture on the 6™ day, as
a single dose of 230 mg/kg b.w. intraperi-
toneally.

After completion of the treatment pe-
riod, five animals from each group were
sacrified at sampling time of 24 h rest
were sacrified at 48 h, by cervical dislo-
cation, Colchicine was given at the dose
of 4 mg/kg b.w. intraperitoneally at 22
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and 46 h respectively prior to sacrificing
the animals. The bone marrow smears of
animais in each group were. prepared as
per protocol of Preston er af (1987).
Slides were stained with Giemsa and well
spread metaphases were analyzed for
chromosomal aberrations. Mitotic index
and Incidence of aberrant cells (in per-
centages) for each group were analyzed.
Also % suppressed aberrant cells were
calculated as: 100 — (% aberrant cells in
each GTI, GI or GTI+GI mixture pre-
treated and maiathion post-treated groups
/ % aberrant cells in positive control
{malathion treated) group) X 100.

Statistical analysis

The data was analyzed for mean val-
ues and standard error for all groups,
which were subjected to statistical com-
parison using student-t-test P<0.01, was
considered significant.

RESULTS

The results revealed that malathion
when given at a single dose of 230 mg'kg
b.w., once only (Gr.lV) caused a high
incidence of all types of chromosomal
aberrations in albino mice, including
chromatid breakage, ceniromeric attenua-
tion, centric fusion, end to end associa-
tion, polyploidy and endomitosis. The
mitotic index and the incidence of
aberrant cells were decreased by 40.40%
and increased by 27.00%, respectively,
compared to control Gr.I (P<0.01), indi-
cating bone marrow cytotoxicity. How-
ever, each of green tea and ginger ex-
tracts (Gr.Il and Gr.Ill, respectively) in-
duced the lowest count of chromosomal
aberrations significantly confirming its
non-mutagenicity (Tables {&2). Also,
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these extracts showed ne cytotoxic ef-
fects, as there were no significant changes
in the mitotic index and the incidence of
the aberrant cells compared to the control
group I (Fig. 1).

Moreover, when pretreatment of dif-
ferent extracts (GTI, GI and GTI+GI) was
given prior to malathion treatment (in
groups V, VI and VI, respectively), de-
creased rates of clastogenic changes were

observed {Tables 1&2). All types of

chromosomal aberrations induced by
malathion, including breaks and other
multiple damages were found to be re-
duced by GTI, GI and GTI+GI. The
status of mitotic index was found to in-
crease during first phase of cell cycle (24
hr. sampling time), 20.34% (P < 0.01) by
GTI, 16.40% (P < 0.01) by GI and
16.48% (P < 0.01) by GTI+GI mixture,
respectively (compared to positive con-
trol Gr.lV), indicative of their anticyto-
toxicity towards malathion (Table 2). The
incidence of aberrant cells, which were
found to be 38.80 + 1.241 in malathion
treated animals, was reduced to 30.80 +
1.113 by GTI, 29.20 + 0.583 by GI and
30.40 £ 0.927 (P < 0.01) by GTI+GI mix-
ture (Table 2). A decrease in the number
of aberrations per cell, both chromosome
and chromatic type was observed in GTI,
GI and GTI+GI pretreated and malathion
post-treated groups. The calculated sup-
pressive effect was 20.62% by GTI,
24.74% by Gl and 21.65% by GTI+GI
mixture, respectively (Fig. 1).

During second phase of cell cycle (48
hr sampling time) the incidence of all
types of chromosomal aberrations and
aberrant cells in positive control group,
was found to be relatively low (37.60%
and 35.20%, respectively, P < 0.01) but
significantly higher than control group
{Tables 1&2 and Fig. 1). The cytotoxic
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potential of malathion was still evident in
Gr.IV, as there was a significant decrease
in mitotic index {56.93%, P < 0.01). In
Gr.I1 and Gr 111, no significant increase in
aberrant cells and decrease in mitotic
index was observed when compared to
Gr.l, further indicating a non-mutagenic
and non-cytotoxic response of green tea
and ginger extracts (Tables 1&2). The
incidence of aberrant cells was found to
be 35.20 + 0.663 in Gr.1V, but declined to
26.80 + 1.020 2 < 0.01 in Gr.V, 27.20 +
0.917 P < 0.01 in Gr.VI and 25.80 +
0.735 P < 0.01 in Gr.VH, respectively
(Fig. 1). The chromosomal and chromatid
type aberrations per cell were also inhib-
ited by GTI, GI and GTI+GI pretreat-
ment. Mitotic index at 48 hr sampling
time, when compared with GrIV was
found to be increased by 17.18%, 11.10%

~and 14.01% in Gr.V, Gr.VI and Gr.VII,

respectively. The inhibition of 23.86% in
Gr.V, 22.73% in Gr.VI and 26.70% in
Gr.VII of GTI, GI and GTI+GlI pretreat-
ment, respectively, against malathion
induced cytogenetic damage was re-
corded (Fig. 1).

DISCUSSION

A considerable emphasis is being laid
down on the use of dietary constituents as
chemoprotective measure for control of
genetic diseases (Mitscher et al 1996).
Bone marrow cytogenetics is a useful
short-term technique, for elucidating the
mechanism as well as to .identify the
substances for their clastogenic and
anticlastogenic activity. Majority of the
mutagenic/carcinogenic compounds e.g.
polycyclic aromatic hydrocarbons, acts
by generating electrophillic intermediates
by microsomal enzymatic reactions ¢aus-
ing mutation. These compounds gen -
erate alkylating metabolites. Following
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Table 1. Protecting effects of green tea and ginger extracts pretreatment on malathion
induced different types of chromosomal aberrations in mouse bone marrow

cells
Number of different types of chromosomal aberrations
Groups . at 24 h.r Samplil'lg time
Chr.B. Cent. At Cent.Fu. E.E.Ass. Polyp. Endom. Totai
Grl 18 3 4 2 2 4 33
(72%)  (12%) (1.6%) (0.8%) (0.8%) (1.6%) (13.2%)
Grll 24 6 2 1 2 5 40

(9.6%)  (24%)  (0.8%)  (04%) (08%) (20%) (16.0%)

Grlil 20 5 1 2 3 6 37
(80%)  (20%)  (04%)  (0.8%) (12%) (2.4%) (14.8%)

Grlv. 84 P! 10 i3 4 10 126
(33.6%)  (2.0%)  (4.0%)  (5.2%) {1.6%) (4.0%)° (50.4%)

Gr.V 46 1 6 14 7 8 82
(184%)  (04%)  (24%) (5.6%) (28%) (32%) (32.8%)

' 9

Gr.VI 60 | 5 13 4 92
(240%)  (04%)  (20%)  (52%) (1.6%) (3.6%) (36.8%)
Gr.VI 54 3 s 1l 6 5 84

(2L.6%) {1.2%) (2.0%) (44%) (24%) (2.0%) (33.6%)

Number of different types of chromosomal aberrations

Groups at 48 hr sampling time
Chr.B. Cent. At CentFu. E.E.Ass. Polyp. Endom. Total
Gr.1 18 3 4 3 2 4 34
(7.2%) (1.2%) (1L.6%) (1.2%) (0.8%) (1.6%) (13.6%)
Gr.11 20 3 5 2 2 5 37
(8.0%) (1.2%) (2.0%) (0.8%) (0.8%) (2.0%) (14.83%)
Gr.11l 16 1 2 3 3 5 30
{6.4%) {0.4%) (0.8%) (1.2%) (1.2%) (2.0%)  (12.0%)
Gr.IV 63 5 3 9 8 6 94
(25.2%)  (2.0%) (1.2%) (3.6%) (3.2%) (2.4%) (37.6%)
Ge.V 36 4 ; 14 5 7 67
{14.4%) (1.6%) (0.4%) (5.6%) (2.0%) (2.8%) . (26.8%)
Gr. V1 52 8 1 10 6 7 84
(208%) (3.2%) (0.4%) (4.0%) (24%) (28%) (33.6%)
Gr.VII 26 8 4 4 5 8 55

{10.4%) (3.2%) (1.6%) (1.6%)  (2.0%) (3.2%)  (22.0%)

Number of metaphase cells analyzed per animal group = 250 cells

Chr.B. = Chromatid Breakage Cent. Att. = Centromeric Attenvation Cent. Fu. = Centric Fusion
E.E.Ass. = End to End Association

Polp. = Polyploidy  Endom. = Endomitesis

Gr.l = Negative control ~ Gr.I1 = Tea control

Gr.1I1 = Ginger control

Gr.IV = Malathion positive control ~ Gr.V =Tea + malathion ~ Gr.Vl= Ginger + malathion
Gr. V1] = Tea + ginger + malathion

Arab Univ. J. Agric. Sci.,, 13(3), 20035
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Table 2. Suppressive effects of green tea and ginger extracts on malathion induced genotoxicity in mouse bone
marrow cells

. e Incidence of Number of .
Groups Mitotic index* aberrant cells* aberrations/cell* Suppression (%)

24 hr. 48 hr. 24 hr. 48 hr, 24 hr. 48 hr. 24 hr. 48 hr.

Gr.l 90.25 + 92,02 + 11.80 + 12.75 + 0.132+ 0.130 +
0.547 1.025 1.068 1.043 0.018 10.016

Gr.ll 8427 + 86.58 + 18.50 + 16.25 + 0.160 + 0.148 +
0.689 0.793 1.258 0.957 0.014 0.018

Gr.Il 87.58+ 8824+ 18.71 + 14.82 + 0148+  0.120+
0.458 0.635 2.872 1.320 0.035 0.033

Gr.iv 49.85 + 56.93 + 38.80 + 3520+ 0.504 + 0.376 +
1.045* 0.729"* 1.241* 0.663* 0.051" 0.028*

Gr.V 70.19 + 7411 + 30.80 + 26.80 + 0.328 + 0268+ 2062 23.86
0.670"° 0.586" 1113 1.020° 0.025° 0.041°

Gr.VI 66.25 + 68.03 + 29.20 + 27.20 + 0.368 + 0.336 + 2474 22.73
0567°  0378° 0.583"° 0.917" 0.022"° 0.021°

Gr.Vil 6633+ 7094+ 30.40 + 25.80 + 0336+ 0220+ 21.65 26.70
0658° 0.719" 0927®  0.735° 0.017° 0.019°

* Values represent mean + SE of five animals.
'Slgmfcamly different from untreated control (Ge.1) and wreated controls (Gr.ll and Gr.1lI) P <0.01.
® Significanlly ditferent from positive controt (Gr.1V) P <0.01
Gr.I = Negative control  Gr.1l = Tea control  Gr.II = Ginger control  Gr.IV = Malathion positive comrnl
Gr.V =Tea + malathion Gr. VI = Ginger + malathion  Gr.VI = Tea + ginger + malathion
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(A)

HIAC-24h
OIAC-48h

Incidence of Aberrant Cells

Gr.l Grll Grlil GrTIV Gr.V Gr.Vi Gr.VHi

(B)

WSup.-24h

Suppression (%)

OSup.-48h

y- | :Lm‘ﬁ.ﬂi:‘?‘&iz.u@_. ey .'..‘. 4
Gr.V Gr.VI Gr.VII

Fig. 1. Antimutagenic activity of green tea and ginger extracts in albino mice.
(A) Incidence of aberrant cells (IAC) at sampling times 24 h and 48 h,
(B) Suppressive effect (Sup.} of GTI, GI and GTI + GI on chromosomal aberra-
tions at sampling times 24h and 48h '
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biological activation, resulting in forma-
tion of mutant cells (Vainio ef al 1992
and Schurz et af 2000). Antigenotoxic
agents especially those present in natural
substances acts through different ceilular
pathways involving endogenous seques-
tration of mutagens by various enzymes
(Shukla and Taneja, 2002).

The recorded results indicated, that
animals treated once with the organo-
phosphorous insecticide, matathion, at
dose 230 mgkg b.w. (Gr.lV), several-
fold increase in the different types of
chromosomal aberrations and frequency
of aberrant cells with significant decrease
in mitotic index were observed. This
agrees with the previously reported abil-
ity of organophosphorous insecticides to
produce chromosome aberrations (Fur-
long er al 1993; Au ef al 1999; Blasiak
et al 1999; Heddle ef al 1999 and Giri er
ai 2002). The significant increase in the
chromosomal abnormality and the sig-
nificant decrease in the mitotic index may
be due to gene damages. Since the or-
ganophosphorous insecticides are chemi-
cal alkylating agents (Wild 1975 and
Garaj-Vrhovac and Zeljezic, 2002)
alkylation of DNA bases either directly or
indirectly via protein alkylation, is proba-
bly involved in the DNA disintegration
(Green et ol 1974, Flora, 1998 aad
Shukla and Taneja, 2002).

The present investigation revealed
that the antimutagenic potential of green
tea and ginger extracts against chromo-
somai damage, was induced by
malathion. Earlier studies conducted with
green tea, presence of many polyphenolic
compounds, (—)-epigallocatechin gallate
(EGCG), is believed to be 2 key active
constituent in terms of cancer chemopre-
ventive potential (Conney et af 1997 and
Surh, 1999). The strong antioxidative
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activity retained in this polyphenol has
been confirmed in numerous in vive and
in vitro studies (Aucamp et af 1997 and
Soliman and Mazzio, 1998), which ap-
pears to contribute in part to the an-
timutagenic and anticarcinogenic effects
of green tea. Also, Surh, (1999) and
Jodoin er al (2002) indicated that, Tea
consumption has been shown to moder-
ately induce glutathione S-transferase,
UDP-glucuronosyl transferase, NADPH-
quinone oxidoreductase, and antioxidant
enzymes, all of which could enhance the
elimination of carcinogens.

Whiie the oleoresin from rhizomes of
ginger contains [6]-gingerol (1-[4'-

hydroxy-3'-methoxyphenyl}-5-hydroxy-

3-decanone) and its homologs as pungent
ingredients;"that have been found to pos-
sess many interesting pharmacological
and physiological activities, such as anti-
inflammatory, anaigesic, antipyretic, an-
tihepatotoxic, and cardictonic effects
{Mustafa e al 1993). Gingero! has been
found to possess substantial antioxidant
activity, as determined by inhibition of
phospholipid peroxidation induced by the
FeCl;—ascorbate systermn (Aeschbach et af
1994). The antioxidative properties of

gingerol and other constituents of ginger
“-have been confirmed in various in vitro

and in vivo test systems (Kikuzaki er af
1994). Gingerol also exerts an inhibitory
effect on xanthine oxidase (Chang ef af
1994) responsible for generation of su-
peroxide anion.

The results of the present study revealed
that, GTI, GI and GTI+GI could exert
different anticytotoxic and antimutagenic
effects during both phases of cell cycle.
However, GTI exerted the highest protec-
tive level at 24 h sampling time (Gr.V),
but GTI+G! mixture (Gr.VII} at 48h
sampling time. While high suppressive

Arab Univ. J. Agric. Sci., 13(3), 2005
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effects and low incidence of aberrant

cells were observed at 48 h sampling time
indicative of greater detoxification ability
in later stages. '

The present study concluded that,
malathion used as commercial product
can be considered as a genotoxic sub-
stance in vivo, because it produces, DNA
disturbances, such as DNA breakage at
sites of oncogenes or tumor suppressor
genes, thus playing a role in the induction
of malignancies in individuals exposed to
this agent. Therefore, malathion can be
regarded as a potential mutagen/carcino-
gen and requires further investigations.
Also the study concluded that, each of
green tea and ginger exiracts exert
antimutagenic effects of varied potency,
dependent on sampling time. While the
mixture of green tea and ginger extracts
exerts the highest protective potercy.
Hence the oral administration of GTI, GI
and GTI+Gl is found to be capabie of
preventing  chromosomal aberrations
caused by malathion. The protective ef-
fects of GTI, GI and GTI+GI towards
malathion induced cytotoxic and cytoge-
netic damage implies as a good marker of
their antimutagenic and antineoplastic
activity.
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