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ABSTRACT

The study was carried on 140 male Albino rats which were divided into 14 groups ( 10 rats each ) .
The negative control group was given normal saline by intraperitoneal route. Group I ( positive control )
was given lead acetate in a dose of 1 mg/kg/day (1/200 of LDsy) intraperitonealy daily for 8 weeks.
Groups lla, llla, IVa, Va, Via, Vila received antioxidant before the daily injection of lead acetate for 8
weeks. Groups I11b, I1Ib, 1Vb, Vb, VIb, VIib received antioxidant daily in the ninth week i.e. after giving
lead acetate in daily injection for 8 weeks. N-acetylcysteine was given by oral gavage in a dose of 800
mg/kg/day. Each of L-methionine, ascorbic acid and o-tocopherol was given by oral gavage in a dose of
100 mg/kg/day. Antioxidants were given as follow; N-acetylcysteine in groups lla and 11b, L-methionine
in groups Illla and I11b, combination of N-acetylcysteine, ascorbic acid and o-tocopherol in groups IVa
and 1Vb, combination of L-methionine, ascorbic acid and o-tocopherol in groups Va and Vb , combina-
tion of N-acetylcysteine and L-methionine in groups Vla and VIb , combination of N-acetylcysteine , L-
methionine, ascorbic acid and o-tocopherol in groups Vlla and VIIb. Rats were sacrificed at the end of
experiment by cut throat and blood samples were obtained for determination of Thiobarbituric Acid Reac-
tive Substance (TBARS), glutathione peroxidase, superoxide dismutase, blood lead level, total thiol and
total protein concentrations. Brain was immediately excised and prepared for histopathological examina-
tion. The results showed that antioxidants significantly decreased all lead induced oxidative stress as well
as the blood lead level, but not to the initial values of the control groups. The use of antioxidants com-
bined together before lead exposure showed the best response than other groups. Furthermore, the histo-
pathological changes observed in the brain sections of lead exposed rats which were pretreated with the
different antioxidants were found to be less marked than those found in lead exposed rats which post

treated with the different antioxidants.
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INTRODUCTION

Several studies have reinforced that ex-
posure to lead remains an important haz-
ard worldwide (Waalkes et al., 1995). Ex-
posure to lead, particularly through its
wide commercial use, results in a variety
of lesions. In addition to disturbances of
the central nervous system, impairment of
haematopoiesis, and cardiovascular dam-
age, lead has been shown to induce bio-
chemical alterations in the liver and kid-
ney (Tian and Lowrence, 1995). Exposure
to lead produces wide range of toxic bio-
chemical effects in man and experimental
animals despite mandated reduction in
environmental lead; such exposure still
poses a public health hazard for children,
with devastating effects on CNS develop-
ment (Oberto et al., 1996).

It is well documented that lead deposi-
tion inside the cells is associated with an
increased elimination of free radicals (Hsu
et al., 1998-a). Giirer and Ercal (2000) have
found that lead causes oxidative stress by
inducing the generation of reactive oxy-
gen species, reducing the antioxidant de-
fense system via depleting glutathione, in-
hibiting sulfhydryl-dependent enzymes,
and interfering with some essential metals
needed for antioxidant enzyme activities.

The potential role for oxidative stress
associated with lead poisoning suggests

that antioxidants may enhance the efficacy
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of treatment protocols designed to miti-
gate lead-induced toxicity (Patra et al.,
2001).

Nature has evolved several antioxi-
dants that act in a combined fashion to
protect the biological systems against pos-
sible oxidant damage effects of heavy met-
als and noxious stimuli through free radi-
cal reaction mediated injury (Hsu et al.,
1998-b; Carr and Frei, 2000). These antioxi-
dants include vitamin E (a- tocopherol)
which is lipid soluble, non-enzymatic anti-
oxidant that checks the lipid peroxidation
through limiting the propagation of chain
reaction of lipid peroxidation. It acts as the
major lipid soluble antioxidant in cell
membrane (Clarkson ‘and Thompson,
2000; Fernandez-Cabezudo et al., 2003).
Also, vitamin C (ascorbic acid) scavenges
the aqueous reactive oxygen species (ROS)
by very rapid electron transfer that thus,
inhibits lipid peroxidation. But, the benefi-
cial effect of ascorbic acid on lead concen-
trations is still inconclusive (Houston and
Johnson, 2000).

Another antioxidant is N-acetylcysteine
(NAC). It is a thiol-containing antioxidant
which has been utilized to mitigate var-
ious conditions of oxidative stress. Its anti-
oxidant action is believed to originate
from its ability to stimulate glutathione
(GSH) synthesis, therefore maintaining in-
tracellular GSH levels and scavenging re-
active oxygen species (Yip et al., 1998).
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Moreover, L-methionine is a sulfur con-

taining amino acid with non-polar group.

After loosing its methyl group, it yields
homocysteine which combines with the
amino acid serine to yield cystathionine
that undergoes breakdown to cysteine
which itself, is a component of glutathi-
one. Glutathione is an antioxidant that
protects the cells from oxidative damage
and plays vital role in detoxification. In
addition, the thiol group of methionine
may chelate lead from tissues (Lehninger,
1995; Patra et al., 2001).

The aim of the present work is to study
the protective effect of N-acetylcysteine
and L-methionine alone, combined togeth-
er or combined with ascorbic acid and o-
tocopherol, against oxidative stress pro-
duced by chronic lead exposure in male
Albino rats. The best protective effect of
these antioxidants is evaluated through bi-
ochemical parameters and histopathologi-
cal examination of the brain after giving
them alone or in combination prior to or
following lead exposure.

MATERIAL & METHODS

Drugs:

Lead acetate trihydrate was supplied
from E.Merck Darmstadt, Germany in the
extra-pure (99.5-100 %) white
crystals. Lead acetate solution was pre-

form of

pared by its dissolution in deionized wa-
ter (1000 mg dissolved in 500 ml deionized
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water) i.e. each ml contained 2 mg lead ac-
etate. The dose used in this study was 1
mg/kg/day intraperitonealy. This dose is
1/200 of LD50 of the lethal dose of lead ac-
etate in rats (Patra et al., 2001).

Ascorbic acid: "Redoxon effervescent
tablets" each tablet contains 1000 mg vita-
min C (F.Hoffmann-La Roche Ltd. Basel,
Switzerland TURX 3682/01.96). Ascorbic
acid solution was freshly prepared by dis-
solution in distilled water to give a final
concentration of 100 mg/ml.The dose
used in this study was 100 mg/kg/day
(Patra et al., 2001).

o-tocopherol: "Extra- 1000 sedico cap-
sules" each capsule contains 1000 mg natu-
ral wheat germ oil (Sedico Pharmaceutical
Co. 6-October City- Egypt). Each capsule
was evacuated in insuline syringe (1cm, 40
unit).The dose used was 100 mg/kg/day
(Patra et al., 2001).

N-acetyl cysteine: "Acetylcysteine sa-
chets", each sachet contains 200 mg acetyl
cysteine (Sedico Pharmaceutical Co. 6-
October City- Egypt). N-acetylcysteine so-
lution was freshly prepared by dissolution
in distilled water to give a final concentra-
tion of 80 mg/ml.The dose used was 800
mg/kg /day (Giirer et al., 1998). ’

L-methionine: "L-methionine pack" con-
tains 995 gram L-methionine (Pharmaceu-

ticals [ADWIA] S.A.E. 10th of Ramadan
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city). L-methione solution was freshly pre-
pared by dissolution in distilled water to
give a final concentration of 25 mg/1.5 ml.
The dose used was 100 mg/kg /day (Pa-
tra et al., 2001).

Animals :

A total of 140 male Albino rats were ob-
tained from the Animal House of Faculty
of Medicine, Mansoura University. All the
chosed rats were males to alleviate the
gender effect on the results. Animals were
housed in groups at room temperature on
a 12 hour light/ dark cycle. Animals fed a
mixture containing bread, bran and
ground maize as well as thoroughly
washed leafy vegetables and free water
supply. They were allowed to acclimatize
to their new environment for 10 days prior
to initiation of lead with or without anti-
oxidants treatment.

Animals were divided into 14 groups
(10 rats each). The negative control group
was given normal saline by intraperito-
neal route. Group I (positive control) was
given lead acetate in daily i.p. injection
for 8 weeks. Groups Ila, Illa, IVa, Va, VIa,
VlIla received antioxidant before the daily
i.p. injection of lead acetate for 8 weeks.
Groups IIb, Illb, IVb, Vb, VIb, VIIb re-
ceived antioxidant daily in the ninth week
i.e. after giving lead acetate in daily i.p. in-
jection for 8 weeks. Antioxidants was giv-
en as following; N-acetylcysteine in
groups Ila and IIb, L-methionine in
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groups Illa and IIlb, combination of N-
acetylcysteine, ascorbic acid and o-
tocopherol in groups IVa and IVb, combi-
nation of L-methionine, ascorbic acid and
o-tocopherol in groups Va and Vb, combi-
nation of N-acetylcysteine and L-
methionine VIa and VIb , combination of
N-acetylcysteine and L-methionine, ascor-
bic acid and o-tocopherol in groups VIla
and VIIb. Rats were sacrificed at the end
of experiment by cut throat. Blood sam-
ples were collected from all animals before
dissection for obtaining the brain.

Methods :

Each blood sample was divided into
two parts. A part was heparinized and
used for determination of blood lead level
by Atomic Absorption Spectrophotometry
according to Kotz et al., (1979) and RBCs
content of glutathione peroxidase and su-
peroxide dismutase according to Paglia
and Valentine (1967). Another part of
blood sample was placed in glass centri-
fuge tubes without anticoagulant for col-
lection of sera for subsequent estimation
of Thiobarbituric Acid Reactive Substance
(TBARS) concentration according to the
method of Walker and Shah (1988), total
thiol concentration according to the meth-
od of Hu (1994), and total protein concen-
tration according to the method of Joseph-
son and Gyllenswird (1975).

Brains of sacrificed rats were prepared
for histopathological examination by ordi-
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nary microscope according to the method
of Drury and Wallington (1980).

Statistical analysis:

The statistical analysis was run on IBM
compatible personal computer by using
the Statistical Package for Social Scientists
(SPSS) program for windows version 10.00
(SPSS Inc., Chicago, IL, USA). The follow-
ing statistical parameters were utilized;
arithmetic mean (x) , standard deviation
(SD) , Student’s t test , Anova t test, Pear-
son’s correlation coefficient for bivaritate
correlation, linear regression and Fisher's
exact test. The p. value was considered
significant if p <0.05.

RESULTS

In the current study the exposure
to lead acetate in a dose of 1 mg/ kg of
rat's b.w./day by intraperitoneal route
(group 1) led to a highly significant in-
crease in blood lead level (p=0.001), highly
significant elevation in serum TBARS level
(p=0.001) as well as highly significant de-
crease in total serum protein concentra-
tion, total serum thiol concentration, glu-
tathione peroxidase concentration and
superoxide dismutase concentration (p=
0.001) at the end of 8th week when com-
pared to that of the control group (Ta-
bles 1 - 6) indicating the oxidative stress
induced by exposure to the lead acetate.

The current results indicated the protec-
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tive role of (N-acetylcysteine and L-
methionine) either singly , combined to-
gether or in combination with ascorbic
acid and o- tocopherol before or after lead
acetate administration in reducing the lip-
id peroxidation and lead-induced oxida-
tive stress as evidenced by significant de-
crease in serum TBARS concentration,
increase in total serum protein concentra-
tion, increase in total serum thiol concen-
tration, increase in glutathione peroxidase
concentration, increase in superoxide dis-
mutase concentration, and decrease in
blood lead level in comparison to group I
(positive control) (Tables1-6).

The comparison between the prophy-
lactic groups (Ila, Illa, IVa, Va, Vla, VIIa)
and the treatment groups (Ilb, IIIb, IVDb,
Vb, VIb, VIIb), showed significant differ-
ences in serum TBARS concentration and
total serum protein concentration between
all groups (p<0.05) ( Tables 1 and 2 )
which means that the effect of all antioxi-
dants is more effective if given before than
after lead acetate exposure as regards the
oxidative stress on lipid and protein.

As regards total serum thiol con-
centration, there was significant differ-
ences (p<0.05) between groups ( IVa and
IVb), (Va and Vb), (VIa and VIb) and
(VIla and VIIb) (p<0.05) . While, there
was non significant differences between
groups (Ila and IIb) and (Illa and IIib)
(Table 3).
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Significant difference in glutathione
peroxidase concentration was observed
between groups (IVa and IVb), (VIa and
VIb) and (VIIa and VIIb) while there was
non significant difference between groups
(Ila and IIb), (Illa and IIIb) and (Va and
Vb) and this is
acetylcysteine (group II), L-methionine

explain that N-

(group III) and a combination of ascorbic

acid, a-tocopherol, L-methionine (group
V) have the same better effect on the lead
oxidative stress as regards glutathione
peroxidase concentration whether they

given before or after lead acetate exposure
( Table 4).

Furthermore, a non significant differ-
ence in superoxide dismutase concentra-
tion was observed between groups (Ila
and IIb), (Illa and IIIb), (IVa and IVDb) , (Va
and Vb), (VIa and VIb) and (VIla and
VIIb) ( Table 5 ).

In addition, there was significant dif-
ference in blood lead levels between
groups (Va and Vb), (Vla and VIb) and
(VIla and VIIb), while non significant dif-
ference between groups (Ila and IIb),
(IIla and I1Ib) and (IVa and IVb) were ob-
served ( Table 6 ).

In the current work, there was sig-

nificant negative correlation of blood
lead level and the biochemical parame-
ters (total serum protein, total serum

thiol, glutathione peroxidase, superoxide
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dismutase concentrations). Also, there
was significant positive correlation of
blood lead Ilevel and serum TBARS

(Table 7).

In the present study the histopathologi-
cal findings in the brain sections of rats in
group I (positive control) showed cerebral
oedema (60%) , neuronal degeneration
forming Rosenthal fibers (90%) , necrosis
(80%) , congestion in blood vessels (70%) ,
peri-vascular  lymphocytic
(100%) , intraventricular and sub-dural

infiltration

haemorrhages (70%). The use of antioxi-
dants (before and after lead acetate expo-
sure) resulted in improvement of the his-
tological changes in the brain but the
improvement was more better in prophy-
lactic groups led to non significant differ-
ence comparing to control group while the
treatment groups showed significant dif-
ference in some pathological parameters
when compared to control group ( Table 8
and Figures 1 and 2) .

DISCUSSION

Lead is a pervasive environmental pol-
lutant with no beneficial biological role.
The higher concentration of lead in differ-
ent tissues and RBCs following occupa-

. tional or experimental exposure was asso-

ciated with increased oxidative reaction
which might be responsible for lead- in-
duced toxic effects (Patra and Swarup,
2000).
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It is well known that lead deteriorates
cellular functions through increasing the
production of reactive oxygen species
(ROS) and/or inhibiting antioxidant activ-
ities, directly or indirectly leading to oxi-
dative injuries (Hsu et al., 1998-b , Hamed
et al., 1999). Oxidative stress is proposed
as a molecular mechanism in lead toxicity,
which suggests that antioxidants might
play a role in the treatment of lead poison-
ing (Glirer et al., 2001).

Regarding the biochemical changes, in
the current study the highly significant in-
crease in blood lead level and serum
TBARS level as well as highly significant
decrease in total serum protein concentra-
tion, total serum thiol concentration, glu-
tathione peroxidase concentration and su-
peroxide dismutase concentration in rats
received lead acetate intraperitoneally in-
dicates the oxidative stress induced by ex-
posure to the lead. Supportting these re-
sults are the studies of El-Missiry (2000),
Pande and Flora (2002) and Sivaprasad et
al. (2003).

The current results indicate the protec-
tive role of N-acetylcysteine and L-
methionine alone, combined together or
combined with ascorbic acid and a- to-
copherol either before or after lead acetate
administration in reducing the lipid per-
oxidation and lead-induced oxidative
stress. This is evidenced by significant de-
crease serum TBARS concentration, in-
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crease in total serum protein concentra-
tion, total serum thiol concentration, glu-
tathione peroxidase concentration and su-
peroxide dismutase concentration, and
decrease in blood lead level in comparison
to positive control group.

It has long been known that sulfthydryl-
containing compounds have the ability to
chelate metals. The sulfur-containing ami-
no acids methionine and cysteine, N-
acetylcysteine, S-adenosylmethionine, al-
pha-lipoic acid, and the tri-peptide glu-
tathione (GSH) all contribute to the chela-
tion and excretion of metals from the
human body (Miller, 1998). Also, Tandon
et al. (2002) explained that the reversal of
lead-induced changes in blood and brain
by N-acetylcysteine was independent of
its lead mobilizing capability, but ought to
be due to its strong antioxidant property.

Flora et al. (1991) stated that methionine
was effective in reducing the accumula-
tion of lead in blood, liver and kidney and
they concluded its use as preventive was
more effective than treatment after lead in-
toxication exposure which may be caused
by a decrease in the absorption of lead
from the gastrointestinal tract.

Regarding ascorbic acid effects, Daw-
son et al. (1999) concluded that ascorbic
acid may provide an economical and con-
venient method of reducing blood lead
levels, possibly by reducing the intestinal
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absorption of lead. In addition, Fotherby
et al. (2000) stated that it forms the first
line of antioxidant defense and further it
has been shown to protect the membrane
and other cellular compartments by regen-
erating the antioxidants form of a- tocoph-
erol. Tandon et al. (2001) stated that the
daily intake of ascorbic acid may prevent
the accumulation of lead and reduce its
toxic effects particularly in those regularly
exposed to lead.

In addition, Hathcock et al. (2005) re-
ported that robust database shows that
dietary supplements of ascorbic acid and
o- tocopherol are safe for the general pop-
ulation. Because these nutrients supply
antioxidant and other functions for home-
ostasis and protection against free radical
damage, supplementation has been inten-
sively needed.

In disagreement of our results, Mori
and Hirayama (2000) concluded that ex-
cess L-rnethionine intake may induce oxi-
dative stress in the liver if used in a high
dose (16 g/kg diet) for 1, 3, 6 and 9
months. In addition, Pande et al. (2001)
stated that the administration of N-
acetylcysteine alone was mildly effective
in preventing lead absorption in the blood
and tissues.

The comparison between the prophy-
lactic groups (subgroups a) and the treat-

ment groups (subgroups b), showed a sig-
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nificant differences in serum TBARS con-
centration and total serum protein concen-
tration between all groups which means
that the effect of all antioxidants is more
effective if given before than after lead ac-
etate exposure as regards the oxidative
stress on lipid and protein. N-
acetylcysteine and L-methionine have the
same better effect on the lead oxidative
stress as regards total serum thiol concen-
tration whether they given before or after
lead acetate exposure . N-acetylcysteine,
L-methionine and a combination of ascor-
bic acid, a-tocopherol, L-methionine have
the same better effect on the lead oxidative
stress as regards glutathione peroxidase
concentration whether they given before
Antioxi-
dants have the same better effect on the

or after lead acetate exposure .

lead oxidative stress in all groups as re-
gards superoxide dismutase concentration
whether they given before or after lead ac-
etate exposure .

The previous results indicate that the
use of antioxidants as a prophylaxis con-
sidered better than its use as a treatment
and this may be explained by the short pe-
riod that the treated test groups are ex-
posed to the antioxidants (7 days). These
results are in accord with the studies of
Dhawan et al. (1989) and Pande et al.
(2001).

In the present work, the groups re-
ceived different combined antioxidants be-
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fore lead acetate exposure showed im-
provement in the biochemical parameters
and the best response in biochemical pa-
rameters was observed with the group
VIIa that received combination of ascorbic
acid, a-tocopherol, N-acetylcysteine and

L-methionine before lead acetate exposure

than other groups received combined anti-
oxidants before lead acetate exposure
(groups IVa, Va and VIa).

In agreement of the current study,
Christen (2000) stated that antioxidants
work best in combination. Although there
is value in supplementing with extra
amounts of one or two antioxidants, better
results are always obtained when a "cock-
tail" is administered. The reason is that
different antioxidants neutralize different
free radicals.

In the current work, serum TBARS is
the most significant predictor affect lead
followed by total serum thiol concentra-
tion, glutathione peroxidase and superox-
ide dismutase. The significant negative
correlation of blood lead level and the bio-
chemical parameters (total serum protein,
total serum thiol, glutathione peroxidase,
superoxide dismutase concentrations) and
the significant positive correlation of
blood lead level and serum TBARS coin-
cide with the study of Siddiqui et al.
(2002).

In the current study the histopathologi-
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cal findings of the brain observed in rats
received lead acetate (positive control
group) was improved with the use of anti-
oxidants (before and after lead acetate ex-
posure) but the improvement was more
better in prophylactic groups similar to re-
sults obtained by Kelly (1998), Upasani
and Balaraman (2001) and Shalan et al.
(2005).

Finally a study done by Banerjee and
Bagchi (2001) reviewed that health is our
most important asset and one of the most
effective means of protecting health is by
taking a complimentary combination of
antioxidants. The finest antioxidant for-
mula provides an excellent combination of
antioxidants that are highly effective in
guarding our bodies from a wide spec-
trum of illnesses caused by toxic chemi-
cals, poisons, poor diet, polluted air and
water, stressors, and free radicals. It stim-
ulates the body’s immune response to
help overcome existing disorders. Antioxi-
dants are uniquely different from one an-
other and each may have a specific func-
tion in the body. However, they are also
synergistic, and will work most effectively
when they are used together. In the prop-
er combination, they can perform a wide
range of metabolic activities, free radical
scavenging and preventative actions.

CONCLUSION & RECOMMENDATIONS
It is concluded from this work that lead
exposure results in varying degree of oxi-
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dative stress with tissue specific changes.
In addition serum TBARS, total serum thi-
ol concentration, glutathione peroxidase
levels and superoxide dismutase levels
can act as significant predictors that re-
flect blood lead level. It can be concluded
also that supplementation with adjusted
doses of antioxidants N-acetylcysteine, L-
methionine, ascorbic acid and o-
tocopherol in
treatment has the most protective role in

combinations as pre-

lead exposure.
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It is recommended that high risk in-
dividuals who are more vulnerable
to the toxic effects of lead must in-
crease consumption of diets rich in
vitamin C and vitamin E as well as
sulfur-containing foods, such as eggs,
garlicc, and onion. In addition they
must be

amounts of one or two antioxidants,

supplemented with extra
better in a "cocktail' administered be-

cause different antioxidants neutralize
different free radicals.
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Table (7): Correlation between blood lead levels and the different
biochemical parameters in all groups.

. TBARS | Total thiol | Total protein GPx SOD
Variables
conc. conc. conc. conc. conc.
Blood lead levels 0.582* 0.51* 0.488* 0.428* | 0.381*
P=000 P=000 P=000 P=000 P=000
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Table (8): Histopathological findings of the brain of studied groups.
) Findings Cerebral cortex Vascular changes
\\ Congested
Lymphocytic
Group Degeneration | Necrosis Oedema Haemorrhages blood
infiltration
\ vessels
Control | Occurrence - - - - - T
(n=10) % 20
1 Occurrence + + + + + +
(n=10) % 9 ** ] g 60** 100*** TO** TO**
Ila Occurrence + + + + - +
(n=10) % 60** 30 30 60** 40
IIb Occurrence + + + + + +
(n=]0) % 80*** 70** 50* 80*** 60** 60**
IlIa Occurrence + + + + N n
(n=10) % 50* 20 30 60** 50*
IIb Occurrence + + + + + +
(n=10) % Q¥ ** 70** 50* 8O*** 60** 60**
IVa Occurrence + - - + - +
(n=10) % 30 - 40 30
IVb Occurrence + + + + + +
(n=10) % TO** 60** 40 TO** 50* 50*
Va Occurrence + - - + - +
(n=10) % 40 40 30
Vb Occurrence + + + + + +
(n=10) % TO** TO** 30 Ok ** 50* 60**
Via Occurrence + - - + - +
(n=10) % 40 50* 40
VIb Occurrence + + + + + +
(n=10) % OH** 60** 40 TO** 50* 50*
Vila | Occurrence + - - + - +
(n=10) % 10 20 20
VIIb Occurrence + + + + + +
(n=10) % 60** 50* 30 60** 40 40

p< 0.05* significant.
p<0.01** highly significant.
p<0.001*** extremely significant.
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Fig. (1) : A photograph of the brain in group I (positive control) showing
severe neuronal degeneration forming Rosenthal fibers
(H&E x400).

Fig. (2) : A photograph of the brain in group VIIa showing normal brain
with some enlarged nuclei (H&E x400).
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