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INTRODUCTION

Lead is a toxic metal that induces a wide range of
biochemical, behavioral and physiological effects in
humans. Lead toxicity is probably the most common
form of heavy metal intoxication.
documented as one of the most dangerous and
insidious poisons. Its continuous occupational and
environmental exposure may contribute to renal,
hepatic, nervous, reproductive and hematological

disorders in man and animals.!

It is well

ABSTRACT

Background: Lead poisoning between pregnant women is a significant
public health problem, as it affects development of fetuses.

Objective: To evaluate the histological changes in the kidney of rat
pups at gestational day 18 and at postnatal day 21and the impact of co-
treatment with vitamin C.

Material and Methods: This study was done at the Pharmacology
Department Laboratory at Al-Azhar Faculty of Medicine, Cairo
between April and June 2020. Twelve adult female rats and six adult
male rats were used in this study. Twelve pregnant female rats were
divided into two equal groups (prenatal and postnatal). Each group was
divided into three subgroups. Group (IA, 11A): served as control group.
Group (IB): given 10mg/Kg of lead orally from the first day of
pregnancy till 18™ day of gestation. Group (IC): given 10mg/Kg of lead
plus 40 mg/Kg of vitamin C orally from the first day of pregnancy till
18" day of gestation. Group (11B): given 10mg/Kg of lead body orally
from the first day of pregnancy till the post natal day 21. Group (lIC):
given 10mg /Kg of lead plus 40 mg /Kg of vitamin C orally from the
first day of pregnancy till the post natal day 21.

Results: In lead groups (prenatal and postnatal), there were histological
changes and biochemical alterations in urea and creatinine. These
results were improved in vitamin C co-treatment.

Conclusion: This study showed that vitamin C might have a protective
effect against lead-induced nephrotoxicity.
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The important sources of lead exposure include
gasoline additives, ceramic glazes, lead-based paints,
cosmetics, drinking water system, battery and plastic
recycling industry. 2

Lead is able to pass through the placenta and breast
milk and blood lead levels in infants and mothers are
usually similar. It had been associated with fetal
wastage, premature rupture of membranes, and
premature delivery?®.

Vitamin C (vit. C) is an essential water-soluble

Anatomy &Embryology



Ahmed Yousef, et al — Effect of Lead on the Prenatal and Postnatal Development of kidney

antioxidant present in cells, plasma and body fluids.
45 1t is one of the most widely available antioxidant
molecules due to mitigating oxidative damage.®

The aim of the present study was to evaluate the
histological changes in the kidney of rat pups at
gestational day 18 and at postnatal day 21 and the
impact of co-treatment with vitamin C.

MATERIAL AND METHODS

This study was carried out on eighteen albino rats (12
females and 6 male albino rats) weighing between
200-250 grams. This study was done at the
Pharmacology Department Laboratory at Al-Azhar
Faculty of Medicine, Cairo between April and June
2020. The rats were housed in stainless steel cages in
controlled laboratory environment with a constant 12
hour light /12 hour dark cycle and at a temperature
20-32 c°, fed a standard balanced diet and water
access. After acclimatization to laboratory
conditions, every two female rats were kept
overnight with one male rat to allow matting. The
presence of spermatozoa in the vaginal smear in the
next morning was an indicator as day zero of
pregnancy. Subsequent days of gestation were
numbered accordingly.”

Experimental design:

The pregnant rats were divided into two main groups;
prenatal and postnatal. The prenatal group was 6
pregnant rats and the postnatal group was 6 pregnant
rats.

(1) Prenatal group:
It was subdivided into 3 equal subgroups:

-Group I A gestational day 18 (GD18) Control
subgroup: Pregnant rats were received oral doses of 1
ml of distilled water from the first day of pregnancy
till GD18.8 Pregnant rats gave about 22 embryos.

-Group 1B (GD18) treated subgroup: Pregnant rats
were received a single daily dose of 10mg lead/Kg
body weight administrated orally by gastric tube
from the first day of pregnancy till GD18.8 Pregnant
rats gave about 20 embryos.

-Group I C (GD18) Lead plus Vitamin C subgroup:
Pregnant rats were received a single oral daily dose
of 10mg lead /Kg body weight plus 40 mg vit C /kg
body weight administrated orally by gastric tube
from the first day of pregnancy till GD18.% °
Pregnant rats gave about 21 embryos.

(2) Postnatal group:

-Group Il A post natal day 21 (PND21) Control
subgroup: Pregnant rats were received oral doses of
1 ml of distilled water from the first day of
pregnancy till PND21.8 Pregnant rats gave about 22
embryos.

-Group Il B (PND21) Lead-treated subgroup :
Pregnant rats were received a single daily dose of
10mg lead/Kg body weight administrated orally by

gastric tube from the first day of pregnancy till
PND21.8 Pregnant rats gave about 20 embryos.

-Group Il C (PND21) Lead plus Vitamin C
subgroup: Pregnant rats were received a single oral
daily dose of 10mg lead /Kg body weight plus 40 mg
vit C /Kg body weight administrated orally by gastric
tube from the first day of pregnancy till PND21.8°
Pregnant rats gave about 22 embryos.

At the end of experiment, in the prenatal groups, the
pregnant mothers at the 18" day of gestation were
anaesthetized using ether inhalation, the abdomen
and uterus was surgically opened and the fetuses
were extracted then the abdomen of each fetus was
opened and the kidney was extracted. In the postnatal
groups, the offspring rats were anaesthetized using
ether inhalation at expected date, the abdomen of
each offspring was opened and the kidneys were
extracted. The kidneys were processed for light
microscopic  (LM) and transmission electron
microscopic (TEM) study.%! The kidney specimens
for light microscopic study were stained by
Haematoxylin and eosin stain (H&E).

Collection of blood samples:

At the end of this experiment, blood samples were
taken from offspring rats at (PND21) as it was
difficult to collect blood samples from
(GD18).Samples were taken from the rat tail in tubes,
centrifuged for 15 min and then, processed for
biochemical assays.

Sample size estimation:

By using Epi info program the minimum sample size
required 110 pups so 12 female rats selected (each
one gave about ten fetuses) and the pups subjected to
assessment at GD18 and at PND21 depending on the
following data:

Confidence level = 95%

Power of the test = 85%

Ratio of unexposed to exposed = 1

Risk ratio = 1.74

Odds ratio = 3.3

Chemicals:

Lead was obtained from Sigma- Aldrich Company
through Egyptian International Center Cairo- Egypt,
in the form of white powder. One gm of lead was
dissolved in 100 ml distilled water, so each 1ml
contained 10mg of lead. Vitamin C: It was obtained
from Pfizer Egypt Pharmaceutical Company in the
form of white powder soluble in water. One gm of vit
C was dissolved in 100 ml distilled water, so each 1
ml of solution contained 10 mg vit C.8°

Statistical analysis:

Data obtained from all groups were expressed as
mean + standard deviation (SD) and subjected to
statistical analysis using one-way analysis of
variance (ANOVA) for comparison between the
different groups. P values < 0.001 were considered
highly significant.
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RESULTS

Light microscopic examination

Group I A (GD18) Control subgroup: The outer renal
cortex of fetal rat aged18days prenatal showed
subcapsular zone containing the immature forms of
renal developmental stages in the form of comma-
shaped, S-shaped bodies, renal vesicle and immature
glomeruli with indistinct Bowman’s spaces and deep
cortex showed more mature glomeruli with patent
Bowman’s spaces, proximal convoluted tubules
(PCT) showed acidophilic granular cytoplasm and
basal nuclei. The distal convoluted tubules (DCT)
showed a dilated lumen (Figure 1 a,b).

Group IB (GD18) treated subgroup: The kidney
showed congested glomeruli with dilated Bowman’s
spaces (blue arrow), proximal tubules with partial
loss of brush borders (red arrow) and mildly dilated
distal tubules (green arrow) (Figure 1c).

Group I C (GD18) Lead plus Vitamin C subgroup:
The kidney showed glomeruli with patent Bowman’s
spaces, proximal tubules with preserved brush
borders and distal tubules with edematous epithelial
lining (Figure 1d).

Group Il A (PND21) Control subgroup: The renal
cortex was formed of renal corpuscles and renal
tubules with minimal interstitium containing
peritubular  capillaries. Each renal corpuscle
consisted of a glomerulus containing a tuft of
capillaries and surrounded by visceral and parietal
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layers of Bowman’s capsule which were separated by
Bowman's space. The outer parietal layer was formed
of flat cells while the inner visceral layer was closely
related to the glomerular capillaries. The cortical
renal tubules were formed of proximal and distal
convoluted tubules. They were lined by simple
cuboidal epithelium with central rounded nuclei
(Figure 2a).

Group Il B (PND21) Lead treated subgroup: The
renal corpuscles appeared with average Bowman's
space while others contained shrunken glomeruli and
narrow Bowman's space. Proximal tubules appeared
with partial loss of brush border, the distal tubules
appeared with intraluminal debris and small areas of
interstitial hemorrhage (Figure 2b).

Group 111 C (PND21) Lead plus Vitamin C subgroup:
The renal cortex showed normal histological
architecture. All renal corpuscles were normal,
having intact Bowman’s capsule surrounded by
normal Bowman’s space. The proximal tubules were
lined with cuboidal or low columnar cells and their
lumina were narrowed by the presence of long
microvilli of the brush border. The distal convoluted
tubules were normal and lined with low cuboidal
cells having spherical nuclei but less acidophilic
cytoplasm. The tubular basement membrane was
intact. The blood vessels appeared congested (Figure
2¢).
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Fig.1: Light photomicrographs of kidney section of rat fetus aged 18 days: a) Control group showing the renal
vesicle (V), comma-shaped body (C) and S-shaped body (S) arranged close to the capsule (ca) and mature
glomeruli in deep cortex (blue arrow). Ureteric buds (U) were seen in the nephrogenic zone (NZ) (H&E X 200). b)
Control group showing glomeruli (blue arrow) with patent Bowman’s spaces, proximal tubules showed acidophilic
granular cytoplasm and basal nuclei (red arrow) and distal tubule showed wide lumen (green arrow). c) Lead-
treated group showing congested glomeruli with dilated Bowman’s spaces (blue arrow), proximal tubules with
partial loss of brush borders (red arrow) and mildly dilated distal tubules (green arrow). d) Lead treated plus
vitamin C group showing glomeruli with patent Bowman’s spaces (blue arrow), proximal tubules with preserved
brush borders (red arrow), scattered distal tubules with mildly edematous epithelial lining (black arrow) and
average interstitium (green arrow) (H&E X 400).
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Fig.2: Light photomicrographs of kidney section of newborn rat at PND21: (a) Control group showing glomeruli
(G) and Bowman’s capsule with its visceral (blue arrow) and parietal (red arrow) layers and distinct Bowman’s
space (BS). The proximal convoluted tubules (P) consist of columnar cells with rounded basal and vesicular
nuclei. The distal convoluted tubules (D) have low cubical cells with vesicular nuclei and wide lumen. b) Lead
treated group showing small-sized distorted glomeruli (G) with average Bowman’s spaces (BS), proximal tubules
(P) with partial loss of brush border (yellow arrow), apoptotic epithelial lining (red arrow), the distal tubules (D)
appear with intraluminal debris and small areas of interstitial hemorrhage (black arrow). ¢) Lead plus vitamin C
group showing average glomeruli (G) with visceral (red arrow) and parietal (green arrow) of Bowman’s capsule
separated by Bowman’s space (BS), average proximal tubules (P) with preserved brush border (black arrow),
average distal tubules (D), and mildly congested interstitial blood vessels (blue arrow) (H&E X 400).

Electron microscopic examination

Group I A, 1 C (GD18) Control subgroup: The cells
lining the proximal convoluted tubule had a single
round nuclei. Its cytoplasm containing many
mitochondria. These cells had few short apical
microvilli. The cells lining the distal convoluted
tubules showed few microvilli and wide lumen.
These cells showed spherical basal nuclei. The
cytoplasm of these cells containing few
mitochondria. The glomerular filter consisted of
three components from inward to outwards:
fenestrated capillary endothelium, glomerular thin
basal lamina and foot processes of podocyte (Figure
3a,b,c,d).

Group IB (GD18) treated subgroup: The proximal
tubular cells contained rounded basally located
euchromatic nuclei with prominent nucleoli. The
cytoplasm showed markedly swollen mitochondria,
numerous  cytoplasmic  vacuoles,  numerous
cytoplasmic inclusions, and partial loss of brush
borders. The cells lining the distal convoluted tubules
had small sized, shrinked nucleus with few short
microvilli. The cytoplasm showed multiple vacuoles
and multiple epithelial intra luminal debris. In
comparison with control group, the glomerular filter
showed adhesion between the foot processes of
podocytes. The basal lamina showed large area of
thickening (Figure 4a, b, c).

Group II' A, 1l C (PND21) Control subgroup: The
proximal tubules were lined with columnar cells
which had large rounded euchromatic nuclei, apical
microvilli. The cytoplasm containing elongated
mitochondria. The cells lining the distal tubule had
large oval nucleus with central nucleoli and
condensed chromatin in the periphery. Its lumen
showed few microvilli. Numerous, elongated and
round-shaped mitochondria were seen within their
cytoplasm. The glomerular filter consisted of
fenestrated endothelium, basal lamina with regular
thickness and the primary and secondary foot
processes had slit pores between them (Figure 5a, b,
c, d).

Group Il B (PND21) Lead treated subgroup: The
proximal convoluted tubular cells contained oval,
rounded, irregular and heterochromatic pyknotic
nuclei. Numerous swollen and vacuolated
mitochondria, scattered cytoplasmic vacuoles and
partial loss of brush borders. The distal tubular cells
showed wide tubular lumen, multiple intra luminal
debris and complete loss of the apical microvilli.
Some nuclei become shrunken with loss of peripheral
heterochromatin.The glomerular capillaries appeared
with loss of their architecture and irregular basement
memberane.The podocyte appeared with distorted
foot processes (Figure 6a, b, c).
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Fig.3: Electron photomicrographs of ultrathin section in kidney of rat fetus aged 18 days: a) Control group
showing a part of proximal convoluted tubule lined with columnar cells which have a large round nucleus (N) and
intact basement membrane (blue arrow). The cytoplasm showing many mitochondria (M) and few short apical
microvilli (yellow arrow) (TEM. X8000). b) Control group showing distal tubule showing cells with few short
microvilli (red arrow), round centrally located nuclei (N) with central nucleoli (blue arrow) and condensed
chromatin in the periphery (yellow arrow) and average mitochondria (green arrow) (TEM. X8000). c) Control
group showing part of glomerulus with the components of its filter consisting of fenestrated capillary endothelium
(green arrow), glomerular thin basement membrane (red arrow), podocyte (P) with long thin foot processes (blue
arrow), and patent filtration slits (yellow arrow) (TEM. X12000). d) Lead plus vitamin C group showing distal
convoluted tubule with dilated lumen, short microvilli (blue arrow) and multiple epithelial intra luminal debris
(LD). The nucleus (N) appeared spherical with normal chromatin distribution. Mitochondria (yellow arrow) are
seen distributed in the cytoplasm and within regular basal infoldings (green arrow) perpendicular to the basement
membrane (TEM. X8000).
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Fig.4: Eelectron photomicrographs of ultrathin section in kidney of rat fetus aged 18 days: (a) Lead treated group
showing proximal tubule with basally located nuclei (N) and prominent nucleolus (red arrow), markedly swollen
mitochondria (blue arrow), numerous cytoplasmic vacuoles (yellow arrow), numerous cytoplasmic inclusions
(green arrow), and partial loss of brush borders (white arrow) (TEM. X8000). b) Lead treated group showing distal
tubule with few short microvilli (red arrow), pyknotic nuclei (N) with clumped chromatin in the periphery (blue
arrow), scattered cytoplasmic vacuoles (yellow arrow) and multiple epithelial intra luminal debris (LD)
(TEM.X6000).c) Lead treated group showing part of glomerulus with thick basement membrane (red arrow),
podocytes (P) with fused foot processes (blue arrow), and narrow filtration slits (yellow arrow) (TEM. X12000).

Fig.5: Electron photomicrographs of ultrathin section in kidney of newborn rat at PND21: (a) Control group
showing a part of the proximal convoluted tubule contains large euchromatic oval nucleus (N) with prominent
nucleoli (yellow arrow).The cytoplasm contains mitochondria (M) and preserved brush border (BB)
(TEM.X8000).b) Control group showing a part of distal convoluted tubule with oval nucleus (N) and condensed
chromatin in the periphery (yellow arrow), few short microvilli (red arrow), average cytoplasm (blue arrow) and
elongated mitochondria (M) (TEM. X5000). c) Control group showing glomerular capillary (C) with regular
basement membrane (blue arrow), fenestrated endothelium (red arrow) and average foot processes of podocyte
(yellow arrow) (TEM. X15000).d) Lead plus vitamin C group showing distal tubule with few short microvilli (red
arrow), average nuclei (N) with prominent nucleoli (blue arrow), average mitochondria (yellow arrow), few
cytoplasmic vacuoles (green arrow), and basal infoldings (white arrow) (TEM. X 6000).
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Fig.6: Electron photomicrographs of ultrathin section in kidney of newborn rat at PND21: (a) Lead treated group
showing proximal tubule with basally located pyknotic nuclei (N) and clumped chromatin (red arrow), markedly
swollen and vacuolated mitochondria (blue arrow), numerous cytoplasmic vacuoles (yellow arrow), numerous
cytoplasmic inclusions (green arrow), and partial loss of brush borders (white arrow) (TEM. X5000). b) Lead
treated group showing a part of distal convoluted tubule with wide tubular lumen (L), multiple intra luminal debris
(LD) and complete loss of the apical microvilli(red arrow). The nucleus was swollen and irregular with loss of
peripheral heterochromatin (N) and some nuclei are shrunken and apoptotic (blue arrow) (TEM.X4000).c) Lead
treated group showing part of glomerulus with the processes of podocyte (blue arrow) appeared distorted with loss
of their uniform appearance. The basement membrane (BM) showed large area of thickening and RBC becomes
congested (TEM.6000X).

Body weight study

Estimation of the body weight (gm) of offspring rats between the studied groups:

There was a significant statistical difference between weight of rat fetuses (at GD18) in control group and weight
of rat fetuses treated with lead and treated with lead plus vit.C. There was a significant statistical difference
between weight of rat pups (at PND21) in control group and weight of rat pups treated with lead and treated with
lead plus vit.C (Tables 1, 2).

Weight (gm) Control (n=8) Treated with Lead + Vitamin | ANOVAF Post Hoc Test
Lead C test
(n=8) (n=8)

Mean + SD 2.01+0.03 1.04 +0.03 1.5+0.12 P1=0.001
P2=0.001
P3=0.001

Table 1: Weight distribution of offspring rats at (GD18) among studied groups.
P1: (Control & Lead) P2: (Control & Lead plus vit.C) P3: (Lead &Lead plus vit.C) n: number of rat fetuses.



Weight (gm)

Control
(n=8)

Treated with
Lead
(n=8)

Lead +
Vitamin C
(n=8)

ANOVA F
test
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Post Hoc Test

Mean + SD

28.2+0.11

22.3+0.04

26.4+0.19

P1=0.001

P2=0.001
P3=0.001

Table 2: Weight distribution of offspring rats at (PND21) among studied group.
P1: (Control & Lead) P2: (Control & Lead plus vit.C) P3: (Lead &Lead plus vit.C) n: number of rat pups.

Biochemical results
Estimation of the mean values of level of serum urea and creatinine (mg/dl) at (PND21)

There was a significant statistical difference between serum urea levels of rat pups (at PND21) in control group
and weight of rat pups treated with lead and treated with lead plus vit.C. There was a significant statistical
difference between serum creatinine level of rat pups (at PND21) in control group and serum creatinine level of rat
pups treated with lead and treated with lead plus vit.C (Tables 3, 4).

Urea (mg/dl)

Control
(n=8)

Treated with
Lead
(n=8)

Lead + Vitamin
C
(n=8)

ANOVA F
test

Post Hoc Test

Mean = SD

20.6+0.4

478+0.5

23.4+0.38

Table 3: Serum urea distribution of offspring rats at (PND21) among studied groups.
P1: (Control & Lead) P2: (Control & Lead plus vit.C) P3: (Lead &Lead plus vit.C) n: number of rat pups.

Creatinine (mg/dl)

Control
(n=8)

Treated with
Lead
(n=8)

Lead + Vitamin
C
(n=8)

ANOVA F
test

P1=0.001
P2=0.001
P3=0.001

Post Hoc Test

Mean + SD

0.6 +0.06

23+04

1.3+03

P1=0.001
P2=0.002
P3=0.001

Table 4: Serum creatinine distribution of offspring rats at (PND21) among studied groups.
P1: (Control & Lead) P2: (Control &Lead plus vit.C) P3: (Lead & Lead plus vit.C) n: number of rat pups.

DISCUSSION

Lead toxicity has been recognized as a major
environmental health hazard worldwide affecting
both humans and animals at all ages especially young
children in humans'?. In the present work, the outer
renal cortex of group IA revealed the subcapsular
zone containing immature forms of renal
developmental stages in the form of S-shaped bodies,
comma-shaped, renal vesicles and immature
glomeruli which appeared as a dense rounded
structure, whereas the deeper parts of the cortex had
mature renal glomeruli. The proximal tubules were
lined by simple cuboidal epithelium with basal
nuclei. The distal tubules showed a wide lumen. The
same finding was observed by others.1314.15

In group IIA the renal cortex showed mature
glomeruli that have visceral layer, parietal layer and
renal space in between. The PCT consisted of
columnar cells with vesicular basal nuclei and
narrow lumen. The DCT had low cubical cells with
wide lumen. These results were in agreement with
Mohamed and Saleh'® and Brown et al.}’ who
founded that the renal cortex is formed of renal
corpuscle consisted of a glomerular capillary tuft
surrounded by Bowman’s capsule.

In the present study, both (IB, 1IB groups) showed
affection of glomeruli, some of them showed
dilatation of Bowman’ s capsule and shrunked
glomerular tufts, but some glomeruli appeared
normal. The PCTs were degenerated and had
vacuolated cytoplasm with pyknotic nuclei. Some
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DCTs were degenerated. This was in agreement with
Mohamed and Saleh.®

In the current study, group IC and group IIC
revealed the normal histological structure as group
1A, 1IA. These results were in agreement with Jabeen
etal. 8

In the current work, electron microscopic
examination of (IA, IIA groups) showed that the
proximal convoluted tubules were lined with
columnar cells which had large rounded euchromatic
nuclei and apical microvilli. The lining epithelial
cells of the distal convoluted tubules appeared with
euchromatic nuclei. Its lumen showed few microvilli.
The glomerular blood capillaries lined with
fenestrated endothelium. The glomerular basement
membrane appeared regular. Podocytes with their
euchromatic nuclei were also noticed. They had
primary and secondary foot processes. These results
were observed by previous studies.!3!4

By electron microscopic examination, in (IB, 1IB
groups) the cells lining the proximal tubule showed
vacuolated mitochondria, their microvilli were few
and the lumen was wide, the cells lining the distal
tubules had small sized, shrinked nucleus, the
cytoplasm  showed  multiple  vacuoles. The
mitochondria were degenerated. The luminal surface
of these cells was irregular. The glomerular filter
showed adhesions between the foot processes of
podocytes. The basal lamina showed large areas of
thickening. These results were observed by previous
studies. 11°

In the present study, in group IC and group I1C some
cells lining the proximal tubules showed rounded

euchromatic nucleus, closely-packed microvilli. Its
cytoplasm  showed  scattered vacuoles and
mitochondria with average cristae, dense long micro-
villi and well defined brush border. The glomerular
filter had small area of thickening in the basal
lamina. The cells lining distal convoluted tubule
revealed regular basement membrane, few microvilli
and cytoplasmic vacuoles. This was in agreement
with Jabeen et al.’® who reported that the kidney in
vitamin C and lead administrated rats showed
restoration in normal nephron structure with mild
congestion of renal blood wvessel and mild
intraluminal hyaline casts.

In the current work, the levels of serum creatinine
and urea were increased in group I1B. This data was
in accordance with previous studies.?%2

Our findings revealed in group 11C that when vitamin
C was given concomitantly with lead there were
decrease of serum urea and creatinine toward the
level of the control group. Therefore, vitamin C can
partially normalize the biochemical parameters when
it co-administrated with lead. This was in agreement
with Jabeen et al %8,

In the present study, there were significant decrease
in body weight of offspring rats of both (IB, 11B
group).These data were in agreement with Jabeen et
al.’® who noticed early neonatal exposure to lead
caused a decrease in body weight in rats and mice.
However, there were improvement in body weight in
(1B, 11B group) when vitamin C and lead were given
together. These results were in agreement with Ayind
etal.®.

CONCLUSION

Lead affects the kidney of the developing rat during
prenatal and postnatal periods. Lead produces
oxidative damage in the kidney Therefore, exposure
to lead, either occupationally or through the diet,
must be restricted, especially during pregnancy and

lactation. Vitamin C, a known chelating agent with
non-enzymatic antioxidant features, has been
suggested to protect cells from oxidative stress in
lead-exposed rats.
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