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ABSTRACT

Lead is a pervasive environmental toxin that affects multiple organ systems, including the nervous, renal, repruduFtivc and
hematological systems. Even though lead is probably the most studied toxic metal, some of the symptoms of lead toxicity still cannot
be explained by the known molecular mechanisms. Therefore, lead induced oxidative stress has recently started to gain attention. This
experimental study is planned 1o investigate the- role of oxidative stress as a possible mechanism of sub-chronic lead induced neuro-
toxicity in rats and to evaluate the role of alphatocopherol (Vitamin E) as anti oxidant in reversing this effect.

In order to achicve our goal, we measured both the blood level. Morever, the enzyme aclivities of reduced glutathione (GSH),
glutathioneperoxidase (GPx), superoxide dismutase (SOD),malondialdhyde (MDA), 8-hydrodydeoxyguanosine (8-OHdG) were
determinedin brain tissues of lead acetate exposed rats in the presence or absence of Vit. E. Increases in MDA, 8- OHdG contents

- were observed in brain's of rats reccived only lead acctate but supplementation with Vit. E retumned these measures (o nearly

pretreatment levels. The level of GSH, SOD and GPx. significantly decreased in lcad acetate exposed rats but increased !o'abou.l pre-
treatment levels in supplementation of Vit.E concomitantly to lead acetate treated rats. This study also showed that adrmn_tsuanon of
lead acetate to male rats had elevated blood and brain lead level which not decreased on administration of Vit. E concomitantly. To
confirm these results a histopathological examination of rats brain were done. Histopathological changes were observed in the brain of
lead exposed rats in the form of sever edema, gliosis, and ncuronal degeneration, but addition of Vit. E concomitantly to lead showed
mild changes in the form of mild edema, and gliosis. These results suggests that Vit.E can protect against oxidative stress effect of

lead inducing ncurotoxicity by its antioxidant effect, but not associated with decreasing brain or bleod lead level.

INTRODUCTION

Lead is an ancient metal. It is widely used by
Man since prehistoric time, because of its malleability,
resistance to corrosion and low meliting point. Lead is
one of the most toxic and pervasive pollutant in society
and is known to have toxic effects on several biological
systems. Although population on exposure to lead his
been declined in recent years as a result of change to
lead free pasoline, lead is still the most scrious
environmental hazard to young children L]

In Humans Lead can result in a wide range of
biological effects depending upon the level and
duration of exposure. The major exposure pathway in
the general non smoking population is from food, water
and air ®*9 Epidemiologic studies over the past several
decades have suggested that even slightly elevated lead
levels during early childhood can produce cognitive
impairments and behavioral problems that endure long
past the period of exposure .

Lead poisoning is largely a disorder of young

children with a peak incidence in one (o three years of

age. The relatively fast growth and metabolic rates of

children coupled with their small body size are in

themselves predisposing factors to susceptibility to lead

" 'behavioral

toxicity. Adults with occupational exposure to lead
constitute another large group at risk ™%,

Elevated concentrations of blood lead levels in children
who are chronically exposed to low levels of lead may
be a cause of CNS toxicity including learning
disabilities, lowered intelligence Quotient (IQ) and

abnormalities; in lead

(9,10,11,12,13)

addition to
encephalopathy
Although no single mechanism for lead toxicity has yet
been defined, recent studies indicate that at least sdme
lead induced damage may occur as a consequence of
lead -induced oxidative stress " ' 19 1 ead- induced
oxidative stress has led scientists to study the protective
qualities of antioxidants against lead toxicity ™",
The aim of this study is to investigate the role of
oxidative stress as a possible mechanism of sub-
chronic lead toxicity induced neurotoxicity in rats and
to evaluate the role of alphatocopherol Vitamin E as
antioxidant in reversing that effect. ‘
MATERIAL AND METHODS

This is an experimental study that was
conducted on 50 adult male albino rats weighting 100-
150 gm. Purchased from Helwan research animal -
Center. The animals '_werc'fcd_ on ordinary food and

housed in ordinary conditions in the animal house in
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the department of forensic medicine and toxicology,

faculty- of medicine Tanta University. Rats were

divided randomly into five groups, 10 rats each (n
=10):.

Group (Group 1) Served s o negative contral
group and received nothing.

Group (Group 2) Served us o positive control

group and received intraperitoneal injection of

sodium acetate in dose of Img/kg/day for four weeks,

Group (Group 3) Served as a positive contral
group and received olive oil orally in dose of 54
mg/kg/day for four weeks,

Group (Group 4) Recelved intra peritoneal
injection of lead acetate in dose of Imp/kg b.w, /day for
four weeks!"”,

Group (Group 5) Received the same dose for
(he same period of lead acetate in dosc of Img/kg b.w.
/day for four weeks in addition to Vit . E orally in a
dose of 54 mg/ Kg/day dissolved in olive oil®™.

A pilot study had been done 10 compare the
results of all positive control groups, The swudy
in;:ludcd sodium acclate s a positive control of lead
acctate, de-ionized water and olive oil as a solvent for
lead acetate and Vit , E, respectively. The duration of
this experiment was 4 weeks, Lead acetate and sodium
acetale were obtained from Aldrich, chemical company,
Germany. Vitamin E was purchased from Sigma
chemical Company. St. Louis, USA, At the end of the
experimental period, the rats were sacrificed by cervical
dislocation, blood samples were collected by heart
puncture into clear sterile tubes, and then the whole
brain were excised and washed from extrancous
materials, How it kept?

Metal analysis:  whole blood and brain tissue lead
levels were  determined by atomic absomption
spectrophotometer Model 2380 Perkin-Elmer®".
Determination of reduced glatathione: Reduced
glutathione was determined in brain tissue using double
beam  spectrophotometer, sccording 10 method
described by Richardson and Murphy, 19750%
Results were obtained from standard curve angd
‘expressed in nmol /gm tissue,

.

Doterminntion of Glutathlono peroxidase activity;
Glutthiono peroxidase octlvity  was determined
animal’s brain  tssue  uaing  double  beam

spectrophotometer, according to methad described by

Urisini et al..l‘)‘)S"".

Determination of Supernatant proteln  contents;
Protein  contents of supernatant  was  measured
colorimetricolly using double beam specirophotometer,
according to method described by Lowery ¢l
al, 19519, |
Determination of Super oxide dismutase activity:.
Sper oxide dismutase was determined In animal’s brain ‘
tissue using double beam spectropholomeler, as
described by Arther and Boyne,1985%%, Using Ransod
kit (Randox laboratorics limited),

Determination of Lipid per oxidation: Lipid per
oxidation was determined in animal’s brain tissue using
double beam spectrophotometer, Using thiobarbituric
acid method according to method described by
Uchiyama and Mihara, 19789, Result were obtained
from standard curve and expressed in nmol /gm tissue,
Determination of 8-Hydroxy deoxyguanosine (8-
OHdG):  B-hydroxy  deoxyguanosine (8-OHdG)
contents in the animal's brain were determined after
enzymatic  digestion of DNA, followed by HPLC
detection, as described by Shigenaga et al,, 19907,
Wistopathological examination of brain sections of
all groups: Immediately afier sacrificing the animals,
sections from the brain were removed and immediately

fixed in buffered formalin 10%, 0.5 thickness slices

were cut and processed, paraffin  embedded, then
paraffin embedded seclions were cul and stained with
H&E stain 1o be studied win light microscope. All
sections were evaluated withou prior knowledge of the
animal treatment Eroups by the examiner,

Statistical Analysis
Statistical presentation and analysis of the present study
was conducte, using the mean, Standard Deviation

[SD}, 1. test analysis of variance [ANOVA] test. p.
value significant Jegg than 0,05 (p <0.05)
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RESULTS
The pilot study showed non significant changes
hetween all control groups and sodium acetate treated
group as well as olive oil treated group were used as a
;r,-prcscnlcd group.
Oxidative statusi-

The rate brain tissues levels of reduced glutathione
(GSH) in animals [treated with Img/kg b.w. /day for
four wecks group (4)] were significantly lower than
those observed in control groups P<0.05. Treatment
with Vitamin E in a dose of 54 mg/ Kg/day
concomitantly with lead [group (5)] enhanced
significantly increase in GSH in animals brain tissues
in comparison to group (4) p<0.05. as shown in Table
~ (1). The activities of glutathione peroxidase GPx and
superoxide dismutase SOD in rat brain tissues of lead
treated group (group 4) were significantly decreased ( n
comparison to the control groups p<0.05. However, a
significant increase in GPx and SOD activity were
detected in lead & Vit . E weated group (group5) in
comparison to group (4) p<0.05. as shown in table (2,
3) respectively, As regard 1o the contents of
malonaldhyde (MDA) as an end product of lipid
perxidation nerve cells membrane as measured by
double beam spectrophotometer) and 8- Hydroxy
deoxyguanosine (8- OHdG) of rat brain contents as
measured by HPLC are shown in table (4, 5)
respectively, The activities of MDA and 8-OHdG
contents of rat brain tissues in the lead only treated
group (group 4) were significantly increased (in
comparison to the control groups. p<0.05. However, a
significant decrease in MDA and 8- OHdG contents of
the brain tissues were measured in lead & Vit , E
treated group (group$) in companson to group (4)
P<0.05. On the other hand the mean values of blood
and brain lead level among different studied groups.
were significantly higher in intraperitoneal injection of
.-lead acetate with or without oral administration of
vitimin E (group 44&5) compared to lead unexposed

Broups (control groups ). There is no reduction in blood
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and brain Jead level on administration of Vitamin E.
There was no significant difference berween + ve & -
ve control groups as shown in Table ( 6).

The histopathological findings

The histopathological study confirmed the previous
results, Photomicrograph (1) showed the

brain contained normal amount of glial cells without
pathological changes in controle group.On  there hand,
in studying sections from group (4) that reccived
intraperitoneal injection of lead acetate (1mg/kg/day)
for 4 weeks, Brain sections from all studied rats showed
Extensive gliosis ,ocdema and Subpial mononuclzar
cellular infiltration  (Photomicrograph  2). While
Photomicrograph 3 showed mild oedema and gliosis in
sections from group (5) that received lead acetate
(1mg/kg/day) intraperitoneally concormitantly with vit
E orally in dose (54mg/kg/dy) for 4 weeks.

DISCUSSION

Lead is an abundant toxic metal that primarily affects
the peripheral and central systems, red blood cells and
calcium metabolism (28). Exposure to environmental
lead is particularly neurotoxic to the developing
nervous systemn of children’s. Neurotoxic effects of lead
exposure include memory impairment, lowering of IQ
and increased reaction time, @*2% 3339

One of the major concepts on the mechanism of heavy
metals toxicity is attributed to its ability to generate
reactive oxygen species (ROS) which causes
peroxidation of membrane lipids and DNA
degeneration, ROS formation in the tissue was likely to
cause oxidative damage and oxidative stress which
could be contributed 10 tissue injury in liver, brain,
kidney and other organs ™9, Usually the deleterious
effects of the oxidative stress are counteracted by
natural cellular defense mechanisms tﬁ;l involve
enzymatic and non enzymatic sc:weﬁgcrs of free
radicals®?,

Recent studies reported that lipids peroxidation in
neuronal cells was accentuated following lead

exposure, also the antioxidant capacity of the neuronal
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celle was diminished. So they suggested that lead may

exert its neurotoxic effects via pcr oxidative damage fo
the membrane &7,

Based on the above considerations this study was
caried out W investigate the role of oxidative stréss in
lead induced neurotoxicity and to study the possible
protective effect of vit . E apainst lead induced
ox:idarive stress in rat's brain.

The preseat study revealed significant reduction of the
measured  antioxidant scavenger such as reduced
glutathione (GSH) and glutathione peroxidase (GPx)
and super oxide dismutase (SOD) enzymes, following
exposure to lead acetate. These finding are consistent
with the finding of others who reported that lead
decrease GSH level in brain, which has been proposed
2s a sensilive indicator of oxidative stress @4 Ojhey
workers have also reported a decrease in GPx activity
in brain of lead exposed rats which might attribute 10
exhanstion or inactivation of the GPx enzyme by lead
induced ROS ™%, Similar results were reported as a
decrease in SOD activity in brain of rats received lead
acetate (B @)

In this study; vit E was found to have a protective
effect against lead induced reduction in GSH, GPx,
SOD such effect was observed in rats received vit .E
concurrently with lead acetate which show significant
elevation in the previous parameters in brain of treated
animals as compared to lead acetated treated rats.
Possible mechanisms were postulated for these
activities, which could be explained by the antioxidant
capability of vit, E.%7,

Malonadialdehyde (MDA) is an end product of the
lipid peroxidation process, which can be defined as
oxidative deterioration of poly unsaturated lipid. “, It
was reported that oxidative stress may cause scveral
types of DNA lesions, 8-hydroxy deoxyguanosine (8-
OHdG) is one of the most formed oxidative DNA
lesions, that can be detected in both urine and lissues
after oxidative stress ),

" In the cument study, a significant elevation was
 observed in brain MDA level as well as 8-OHdG in
" brain DNA of the lead acetate exposed rats . This is in

g il A charys and Acksrp 1997 "2 & Para
e al, 20017 Who found an imcrease in lipid
peroxidation in brain tissdes of rats exposed 19 lead -
scetate, these resulls in agreement with the” previous
firelings of many suthors who. foar) an incresse in
level of SH4G im liver, kidsey, hang and spermm.

Results of the present investigation showed that Vit . E
decreased the MDA levels as well as 8-OHAG level
sgnificantly in rar's brain, when  sdmimied
concomitantly with lead a3 coupmd 15 e of
w‘)_mmmmmhwhﬁ:
effect of vit. E, which is a major lipid solable, cham
breaking antioxidant that is knowm to protect bislogical
membranes and lipoprotsing from peroxidative demmge
U4, It scavenges Oy OH, lipid persxyl radicals, and
other ROS generated during the snivalent sedection of
molecular oxygen and during mormal activiy of
oxidative enzymes'”, ViLE was found to mbibn DNA
oxidative damage in many studies. So the cbscrved
reduction of the elevated 8-OHdG levels in viLE teated
rats, could be atributed to the anti- oxidant effect of wit.
E,

In the present study, blood lead level showed nem
significant change in lead acetate wteated masm,
compared with lead and vit. E treated rats. This denotes
that the protective effect of vit . E as an ansioxidans
inhibiting lead related oxidative stress was mot
associated wilh reduction of blood lead level These
results were supported by Hsu et al, 1998%% who
studied the effects of Vit .E and /or Vit .C on reactive
OXygen oxygen species related lead toxicity i rar's
spermus. They stated that the protective effect of Vit E
or C was not accompanied by dccn:nmg lead blood
level in animals,

A confimutory study of the effects of lead m Vit, E
has been performed, through a histopathological
examination  of the brain. In this  study,
histopathological changes were observed in brain of
lead exposed rats, including edema, ghons and
neuronal degeneration. Such alterations in the brain
tissues could be induced through a direct action of lead

on astroglaial cells and membranes lipid pqroxldnién
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of brain capillaries. These observation were in
agreement with previous studies, that indicaled
capillary damage, neuronal degeneration, astroglaial
and proliferation in the brain of lead exposed rats as,

lead was first [ocalized in capillary endothelial cells and

In the current study brain tissues of rats received Vit E
concomitantly with lead showed lower damage in the
form of muld edema, and mild gliosis. This could be
explained by the antioxidant effect of Vit, E.™"4%,

1SSN 1110-5089

According o' the obtained msults, ViLE by ils
antioxidant ability might be suggested 1o protect against
oxidative stress effect of lead inducing neerotoxicity.
However, this protective effect is pot associsted with
deécreasing brain or blood lead level, Therefars, it is
advisable to give Vit.E as anti oxidant (o protect against
lead inducing meurotoxicity, especially to children, end

enforce all protective  Mmicasures sguinst  lead

environmental pollution.

Table (1): Effect of lead acetate (1 P) with or without oral administration of vitamin E on Reduced glutathione (GSH)

contents in rat's brain.

Treatment
Lead
-ve control Sodium acetate Olive oil Lead acetate acciute +
ViLE
Brain GSH Lewvel
(nmol /g tissuc) 653+ 16 650 + 12 654 + 14 530+ 11.6" | 648%10°
Mean + SD

(a) mean significant difference as compared to control groups p <0.05.
(b) mean significant difference as compared to lead acetate treated group. p <0.05 .

Table (2): Effect of lead acetate (I P) with or without vitamin E on glutathione Peroxidas (GPx) activity m

rat’s brain.
Treatment
-ve control Sodium acetate Olive ail Llead acetate | lead ecetate+ VIiL E
Brain Gpx Level
(umol INDPH/min - 157734621 | 156+7.10 157 +6.67 132382 156+ 798"
/g protein) K
Mean + SD

(a) mean significant diffcrence as compared ta confrol groups p <0.05.

(b) mean significant difference as compared to lead acclate treated group. p <0.05 .

Table (3): Effect of lead acetate with or without vitamin E on Superoxide dismutase (SOD) activity in rat's’

brain.
Treatment
Sodium acclale . ' Lead :
e comtro! Olive oil Lend acetal ead ncelate + VL.
E
Brain SOD -
(w/g Protein) 50.30 +0.24 5000031 50035 40.20 + 0:40* 48.00 + 0.60"

Mean 4+ SD

{
|
4.
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(a) mean significant difference as compared to control groups p <0.05.

~ (b) mean significant difference as compared to lead acetate treated group. p <0.05.
" Table (4): Effect of lead acetate with or without vitamin E on Malonaldechyde (MDA) content in rat's brain,

Treatment

-ve control Sodium acetaie Olive ail Lead ncetate Lead acetate + vit. F

Brain MDA
{nmol/g tissue) Mean | 11760+ 3.10 | 11650 +3.50 117.34 +4.2 222,00 + 1:80° 140,00 + 2.70°
+SD
() mean significant difTerence as compared to control groups p <0.05.
(b) mean significant difference as compared to lead acetale treated group. p <0.05.

Table (5): Effect of lead acetate with or withou! vitamin E on 8-Hydroxydeoxyguanosine (8-OHdG) coatent

in rat's brain.
Treatment
Sodium acetale Lead acclate +
-ve control Olive oil Lead acetate .
treated) Vit. E treated
Brain B- OHUG
{fmol/my protein) 14,1220 + 1.30 14.2000 + 1.60 14.001 + 1.B9 29 7500+2.50° 17.3600+ 1.71°
Mean + 5D

(n) mean gignificant difference as compared Lo control groups p <0 05.
(b) mean significant difference as compared 1o lead acemie treated group, p <0.05 .

Table (6): Show changes in lead blood and brain tissues contents admunistration of lead acetate (1 P) with or

without vitamin E in rats.

Treatment
«ve control Soedium sceate Olive oil Lead !ﬂ Lead acelate +
Vit E
Blood lead lgwl {ppm) 782+032 1.72+024 758+ 045 66.23 2 0.56° RIS
Brain lead level (ppm) 075+000 0.76+003 0.75 + 0.07 6L 13T T

() mean significant difference as compared o contrel groups p <0.05.
{b) mean significant difference as compared to lead acetate wreated group. p <0.05.

p—— - i —— —— gy —
i I v -
g RN ]
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photomicrograph (1) Brain secction from control rats; showing normal cclls and normal

or.

Cl'-l‘:“ Jr'..

|,ll
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amount of glial cells:

v

Photomicrograph (2) Brain section from Rats rccewcd lead acetate for four weeks showing extensive gliosis (G) and
oedema (E) with subpial mononuclear cellular infiltration (M).

(H & E x125)

Photomicrograph (3) Brain section [rom Rats received lead acetate 1mg/kglday (IP) concomitantly with Vit. E orally in

dose of (54mg/kg/day) for four weeks; showing mild gliosis (G) and oedema (E).
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