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the first metals used by man. Its wide application was
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Introduction: Lead is one of the most important environmental pollutants due to its vast use in liver- P
various industries. Lead accumulation in different organs, especially the brain, liver and kidneys quer’cetin'
can cause serious health problems. Lead exposure is more dangerous during fetal period and  yitamin C;
childhood.

Materials and Methods: Timed pregnant female rats divided into 6 groups. Group 1served as ~ Received:
control group and received tap water, group 2 received 500 mg/liter lead acetate in the drinking 10 Jun 2314
water from 5th day of gestation up to 25th day post-partum, group 3 received the same dose of ?céceeppzzﬁ

lead acetate along with daily IP injection of 40mg/kg quercetin, Group 4 received the same dose
of lead acetate along with 2g/liter vitamin C, groups 5 and 6 received vitamin C and quercetin
respectively like groups 2 and 3 but without lead acetate. On the 25" day postpartum, 6 male
pups in each group were deeply anesthetized by chloroform; livers were removed and
processed for Hematoxyline- Eosin staining. The microscopic slides were photographed and
liver tissue morphological characteristics were evaluated.

Results: Lead exposure caused extensive histopathologic changes in liver tissue including
hepatocyte degradation, cell nucleus bifurcation and inflammation around hepatic veins.
Quercetin and vitamin C treatment could prevent these pathologic changes to a considerable
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the onset of the Industrial Revolution in Europe, the

Introduction

unigue properties of lead made this heavy metal a

good choice in various industries including printing,

Lead, a non-physiological heavy metal, was one of

begun since over 8000 years ago (Jarup, 2003). With

paint industry, producing all kinds of batteries, making
glazes and ceramic tiles as well as making the bullets
and ammunition, but the main use of lead in the form
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of tetraethyl lead, which is used as an antiknock
agent in leaded gasoline, was began in 1920s
(Lessler, 1988). Along with this wide use of lead, its
harmful effects gradually appeared. Lead poisoning is
one of the first known occupational diseases and a
detailed report on gastrointestinal complications of
lead entitled "Diseases caused by lead," has been
published in 1848 (Azizi and Azizi, 2010). There are
many reports in the scientific literature about adverse
effects of lead exposure on almost every organ in
vertebrates’ body. Thus, adding lead to gasoline in
developed countries have been stopped since 1970s
(Meyer et al., 2008). However, it is used extensively
in battery manufacture, solders, pigments (specially
for outdoor paints which require greater resilience to
weather) radiation shielding, lead shot for firearms
and rubber and plastic manufacturing and there was
no suitable replacement for lead until now, and so
this metal is still released into the air and soll
(Bradberry and Vale, 2003). Because lead is stable in
nature and there is no way to clean up soil and water
contaminated with lead, environmental pollution by
lead has remained as an important unsolved health
problem resulting in chronic exposure in the general
population and lead contamination is still a public
health problem in many countries due to domestic
exposure through contaminated water and soil
(Sabath and Robles-Osorio, 2012). Lead exposure in
the general population occurs primarily through
ingestion (about 10-15% absorbed) and inhalation
(up to B80% absorbed) (Grandjean, 1993).
Gastrointestinal absorption of lead is greatest in
infancy; infants can absorb about 50% of lead
ingested from food, water or dust while adults absorb
only 10-15 percent of ingested lead (Markowitz,
2000). The absorbed lead is conjugated in the liver
and passed to the kidneys, where part of it is
excreted in the urine and the rest of absorbed lead
accumulates in various body organs, affecting many
biological functions at the molecular, cellular and
intercellular levels. These altered biological functions
result in morphological changes that can remain even
after blood lead levels have fallen (Flora et al., 2006;
Jarrar, 2003; Sidhu and Nehru, 2003). The liver is a
sensitive target organ for lead exposure and children
are more sensitive to lead adverse effects on various
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organs (Hernandez-Avila et al., 2002).

Since it is impossible to eliminate lead from the
environment, a large number of studies in recent
years have been devoted to find ways to ameliorate
the toxic effects of lead. The biochemical and
molecular mechanisms of lead toxicity are poorly
understood, but emerging data suggest that some of
the effects of lead may be attributed to production of
reactive oxygen species (ROS) and causing oxidative
stress in the living organs (Flora, 2009; Patra et al.,
2011). Evidences suggest significant protective
effects of antioxidant nutrients such as vitamin C,
flavonoids, carotenoids, selenium, vitamin-E, and so
forth. Vitamin C is a major antioxidant that scavenges
the aqueous ROS by very rapid electron transfer and
inhibits lipid peroxidation (Patra et al., 2011).
Quercetm, one of the most abundant flavonoids in
human diet, is a strong oxygen radical scavenger and
good metal chelator (Patra et al., 2011). In the light of
the recent findings it seems reasonable to expect that
administration of vitamin C and quercetin might
contribute to reduce liver damage after lead
exposure. Thus, the purpose of our study was to
ascertain whether treatment with vitamin C and
quercetin exerts any beneficial effect on liver
histopathology after congenital lead exposure.

Materials and methods

Timed pregnant Wistar rats (Pasteur's Institute,
Tehran, Iran) were housed individually in plastic
cages with free access to food and water. The animal
room was maintained at constant 22-24 °C
temperature under a 12-h light/12-h dark cycle. The
study was performed according to the guidelines for
laboratory animal use and care set forth by the
research council at Golestan University of Medical
Sciences (Gorgan—Iran). The rats were divided into
six groups of 8 animals in each on day 5 of gestation:

1. Control group: received deionized water as
drinking water.

2. Lead acetate treatment: received a solution of
500 mg/L of lead acetate (Merck) as drinking
water.

3. Lead acetate+vitamin C treatment: received a
solution of 500 mg /L lead acetate plus vitamin
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Table 1. Semi quantitative evaluation of histopathologic changes in 6 experimental groups. Group 1; Control,
Group 2; Lead acetate treatment, Group 3; Lead acetate + vitamin C treatment, Group 4; Lead acetate +
quercetin treatment, Group 5; Vitamin C treatment, Group 6; Quercetin treatment

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Inflammation - +++ + + - -
Large Nuclei + +++ ++ + + &
Binucleated Hepatocytes T +++ + ++ + +
Kupffer Cells Hyperplasia - ++ + + - -

C (2 g/L) as drinking water
4. Lead acetate+quercetin: received a solution of
500 mg/L lead acetate plus daily intraperitoneal
(ip) injection of 40 mg/kg quercetin dissolved in
dimethyl sulfoxide (DMSO).
5. Vitamin C treatment: received a solution of
vitamin C (2gr/L) as drinking water.
6. Quercetin treatment: received daily ip injections
of 40mg/kg of quercetin dissolved in DMSO.
Lead acetate containing solutions were prepared by
dissolving the salt in distilled water and were replaced
daily to minimize precipitation.
Treatments were started from the 5th day of
pregnancy until postnatal day (PND) 25. At birth 8
pups were left with each dam and on PND 25, six
male pups in each experimental group were used for
histological evaluation.
The pups were deeply anesthetized with chloroform,
for each animal the chest was opened. Then liver was
excised, washed with normal saline, divided into
0.7x0.7x0.7 cm tissue blocks and transferred to 10%
formaldehyde solution for 72 hour. After fixation,
tissue blocks were dehydrated in ascending alcohol
grades, cleared in xylene and embedded in paraffin.
Paraffin embedded blocks were cut into 5-6um tissue
sections using a rotary microtome. For every 5 serial
sections one section was transferred on the
microscopic slides and the slides were stained with
Hematoxyline and Eosin. For semi quantitative
evaluations, for each experimental group five
microscopic slides having four tissue sections on
them were selected. Under the 40x power of
microscope, for each slide 10 different view field were
photographed using a DP71 digital camera mounted
on a BX51 Olympus microscope. The histopathologic

changes observed in photomicrographs were scored
as mentioned below:

Without any change (-), histopathologic changes in
less than 20% of view fields (+), histopathological
changes in 20-60% of view fields (++),
histopathological changes in more than 60% of view
fields (+++) (Benli et al., 2008).

Results

The histological profiles of liver in six experimental
groups are shown in figures 1 and 2. The results of
semi-quantitative evaluation are shown in table 1.
Congenital lead exposure induced mild to severe
chronic inflammatory exudate
comprising mainly lymphocytes infiltrated in the
perivenous areas (Figure 2, A and B). In lead acetate
treated group the hyperplasia of sinusoidal Kupffer
cells was seen (Table 1 and Figure 1,B) and
occasional autolytic changes were observed in the
hepatocytes’ cytoplasm which are hallmarks of
necrosis (Figure 2 B). Nuclei with a diameter larger

mononuclear

than 12 uym were considered as large nuclei. In lead
treated group hepatocyte nuclei were larger
compared to normals and binucleated hepatocytes
were more prominent in this experimental group
(Figure 1B). Co-administration of lead acetate and
vitamin C or quercetin has ameliorated these
morphological changes. In tissue sections of lead
plus vitamin C and lead plus quercetin groups the
histopathologic profile of liver showed a near normal
appearance (Figure 1, C and D). Vitamin C alone or
quercetin alone treatment has no impact on the
morphological characteristics of the liver compared to
control group. In our evaluations, the protective
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Fig 1: Photomicrographs showing liver sections in A; control group with a normal appearance and few binucleated
hepatocyte (arrows), Kupffer cells (arrow heads) and normal sinusoids (double headed arrows) B; lead acetate treated
group with Kupffer cells hyperplasia, congested sinusoids and autolytic cytoplasm (three headed arrow) C; Lead acetate
plus vitamin C and D; lead acetate plus quercetin. Hepatocytes and sinusoidal spaces show a near normal appearance.

CV; central vein, SV; small vein

effects of vitamin C and quercetin against lead
hepatotoxicity showed similar characteristics.

Discussion

The histopathological examination of the liver of lead
acetate treated rat pups showed remarkable
inflammation and necrosis as well as having a high
number of binucleated hepatocytes versus control
animals. These histopathological changes due to
lead exposure are in agreement with those of Jarrar
(Jarrar and Taib, 2012) and Del Monte (2005). When
vitamin C and quercetin were given to lead treated
animals, the liver showed a near normal appearance.
Oxidative stress is one of the most explained

mechanisms for lead hepatotoxicity (Flora, 2009;
Jarrar and Taib, 2012). It is reported that lead
exposure can induce the production of reactive
oxygen species (ROS) in the lungs, blood vessels
endothelium, testis, liver and brain tissue (Hsu and
Guo, 2002). Johar et al. in a chronic lead exposure
model have observed neutrophilic infiltrations in
portal space. The lead adverse effects on hepatic
enzymes and proteins or its interaction with
antioxidant defense mechanisms can cause these
infiltrations to occur (Johar et al., 2004). In the recent
years, adding natural antioxidants and vitamins to the
diet for prevention of the hazards of carcinogens and
heavy metal exposure has been investigated
(Dawson et al.,, 1999; Echeverry et al., 2010;
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Fig 2: Photomicrographs showing liver tissue in lead acetate treated group, A and lead acetate plus quercetin, B. Lead
exposure caused severe mononuclear infiltration (arrow) around central vein (CV). Hepatocyte cytoplasm showed necrotic
changes. Co-administration of lead acetate and quercetin protects the tissue against lead hepatotoxicity. Mononuclear
infiltrations and hepatocyte necrosis are not as severe as the lead exposure group.

Neuhouser ML and ML, 2004). These natural
nutrients showed beneficial effects against lead toxic
effects in living organs (Schneider et al., 2001;
Sharma and Pandey, 2010). Vitamin C, Vitamin E,
some flavonoids like quercetin and purarine can
protect the cells from oxidative damage of free
radicals formed under lead exposure, they also can
chelate the lead ions (Flora, 2009; Flora et al., 2007).
Vitamin C is a well-known free radical scavenger and
it has been shown that this antioxidant agent can
prevent the lead induced lipid peroxidation in the rat
brain and liver (Patra et al.,, 2011). Using a
500mg/liter vitamin C solution as drinking water has
reduced the ROS production to 40% in the rat (Hsu

and Guo, 2002). Vitamin C content of rat liver in a
lead exposure model like our model showed a 26%
decrease (Jurczuk et al., 2006). Unlike human, rat
liver synthetizes the animal’s need for vitamin C and
maybe the depletion of hepatic vitamin C for fighting
free radicals increases the need for this vitamin
beyond the liver's potency for vitamin C synthesis
and so, the exogenous vitamin C may reverse the
adverse effect of lead on the liver. On the other hand,
vitamin C besides its antioxidant effects reduces the
intestinal absorption of lead. This molecule reduces
ferrous iron to its ferric form and ferric ions compete
with lead in absorption through divalent metal
transporter 1 (DMT1) (Suzuki and Yoshida, 1979).
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Moreover, vitamin C has prevented lead ions from
entering into mammalian cells in tissue cultures; the
mechanism of this prevention is unclear (Fischer et
al., 1998).

Quercetin, another potent antioxidant is one of the
several naturally-occurring dietary flavonol
compounds with a broad range of biological functions
(Neuhouser ML and ML, 2004). This molecule has
shown potent anti ROS and chelating properties in
several studies. In our study quercetin like vitamin C
protects the liver tissue against lead induced
hepatoroxicity (Harwood et al., 2007).
Co-administration of vitamin C and quercetin with
lead acetate in a congenital lead exposure model
could improve the liver histopathological profile.
Because of potent antioxidant activity of these
molecules, lead may induce its hepatotoxic effects
mainly through oxidative stress. Light microscope
studies were unable to show any difference between
vitamin C and quercetin in protecting the liver tissue
against congenital lead exposure. It seems having a
vitamin C and quercetin rich diet through pregnancy
and lactation periods and infancy can reduce the
hepatotoxic effects of lead in lead contaminated
areas.
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