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Abstract
Resveratrol has been demonstrated in previous studies to be effective in models of acute (hot-plate),
inflammatory (formalin), carrageenan, neuropathic (spinal nerve ligation) and diabetic pains.
Information on the amelioration of lead toxicity in selected organs and tissues of Wistar rats using
resveratrol is scanty. The aim of this study was to investigate the amelioration of lead toxicity in selected
organs and tissue of Wistar rats using resveratrol. Forty two (42) Wistar rats (150 - 200 g) were
randomly divided into seven (7) groups of six (6) rats each. Group 1 (the negative control group)
received distilled water (1 ml/kg, control group). Group 2 (the positive control group) received
carboxymethylcellulose (CMC, 10 g/L). Group 3 received lead acetate (LA) solution (120 mg/kg).
Group 4 received LA solution (120 mg/kg) and succimer (10 mg/kg). Group 5 received LA solution
(120 mg/kg) and resveratrol (200 mg/kg). Group 6 received LA solution (120 mg/kg) and resveratrol
(400 mg/kg). Group 7 (the prophylactic group) received resveratrol (400 mg/kg) and LA solution (120
mg/kg). Lead acetate (LA) induction was for 28 days while treatments with succimer, CMC, and
resveratrol were or 14 days through the oral routes (by gavage). In the histopathology, the toxic effect
of lead recorded in liver differential hepatocytes, kidney, cardiac muscle and brain in the positive control
group were significant when compared to resveratrol-treated groups. The toxic effects caused by lead
acetate were reduced to minimal level in both resveratrol-treated and prophylactic groups in all the
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organs examined. In conclusion, resveratrol improved the adverse effects caused by the lead acetate in
the liver, kidney, cardiac muscle and brain of the Wistar rats.
Keywords: Brain, Cardiac Muscle, Lead Toxicity, Resveratrol, Wistar Rat.
INTRODUCTION
The detection and prevention of lead toxicity have been a major international public health
priority (Landrigan et al., 2002). Lead poisoning (also known as Plumbism, Colica Pictonum,
aturnism, Devon colic, or painter's colic) is a medical condition in humans and other
vertebrates caused by increased levels of the heavy metal lead in the body (Landrigan et al.,
2002). Lead interferes with a variety of body processes and is toxic to many organs and tissues
including the heart, bones, intestines, kidneys, reproductive and nervous systems (UNEP,
2008). It interferes with the development of the nervous system and is therefore particularly
toxic to children, causing potentially permanent learning and behaviour disorders (ACCLPP,
2012). Symptoms include abdominal pain, confusion, headache, anemia, irritability, and in
severe cases seizures, coma, and death (Washington, 2011). Routes of exposure to lead include
contaminated air, water, soil, food, and consumer products. Occupational exposure is a
common cause of lead poisoning in adults. According to estimates made by the National
Institute of Occupational Safety and Health (NIOSH), more than three million workers in the
United States are potentially exposed to lead in the workplace (Staudinger and Roth, 1998) .
One of the largest threats to children is lead paint that exists in many homes, especially older
ones; thus children in older housing with chipping paint or lead dust from moveable window
frames with lead paint are at greater risk. Prevention of lead exposure can range from
individual efforts (e.g. removing lead-containing items such as piping or blinds from the
home) to nationwide policies (e.g. laws that ban lead in products, reduce allowable levels in
water or soil, or provide for clean-up and mitigation of contaminated soil, etc) (Staudinger
and Roth, 1998). Resveratrol is a polyphenolic compound, found in grapes, peanut and wine.
It possesses multiple pharmacological actions, exerting mainly anti-inflammatory, antitumor,
immunomodulatory, neuroprotective and potent antioxidant effects (Lu et al., 2006; Harb et
al., 2009; Cenesiz et al., 2012).This study aimed to investigate the effect of resveratrol on liver,
kidney cardiac muscle and brain histopathology on lead-induced toxicity in Wistar rats.
MATERIALS AND METHODS
Study Area
The experiment was carried out between August- September, 2019 at the Department of
Pharmacology and Therapeutics, Ahmadu Bello University, Zaria (11o 10' N, 07o 38' E), at the
elevation of 650 m above sea level, located in the Northern Guinea Savannah zone of Nigeria
(Akpa et al., 2002).
Experimental Animals
Forty two (42) Wistar rats (150 - 200 g) were used in the study. The animals were housed in
the Department of Pharmacology and Therapeutics, Ahmadu Bello University, Zaria. They
were given access to pelletized growers marsh and water ad libitum. The Wistar rats were
acclimatized for two weeks in the home cages and environment before commencement of the
experiment. All experimental protocols were in accordance with the Ahmadu Bello University
research policy (NIH publication number 85 - 23, revised 1996) and of regulations governing
the care and use of experimental animals. The experiments were conducted in a quiet
environment between the hours of 0900 and 1600.
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Experimental Procedures
Resveratrol Preparation and Administration
Trans-resveratrol, due to its low solubility in water, was suspended in 10 g/L
Carboxymethylcellulose (CMC), and administered orally once daily for 14 days (Lia et al.,
2002; Juan et al., 2005).
Lead Acetate Treatments and Resveratrol Pretreatment
Wistar rats were divided into seven (7) groups of six (6) rats each. The first group received
distilled water 1 ml/kg and served as negative control. The second served as the control and
received carboxymethylcellulose (CMC) 10 g/L body weight (dissolved in distilled water)
orally. The third, fourth, fifth and sixth groups received lead acetate at dose of 120 mg/kg
(Magaji et al., 2014b) body weight orally for 28 days while the seventh group was pretreated
with resveratrol 400 mg/kg body weight (Joanne et al., 2008; Magaji et al., 2014a) orally for 14
days and serve as prophylaxis.
Treatments with Succimer and Resveratrol
After the lead acetate induction for 28 days and resveratrol pretreatment for 14 days, the
treatment commenced on the 29th day and lead acetate induction on the 15th day, where the
third (lead poisoned) group, the fourth group was treated with succimer (10 mg/kg body
weight) (POISINDEX, 2009; TOXBASE, 2009), the fifth group was treated with resveratrol (200
mg/kg body weight), the sixth group was treated with resveratrol (400 mg/kg body weight)
orally for 14 days and the seventh group was treated with lead acetate at dose of 120 mg/kg
body weight orally for 28 days and served as prophylactic group (Joanne et al., 2008; Magaji
et al., 2014a).
Effect of Resveratrol on Histopathological Parameters in Lead-induced Toxicity in Wistar
Rats
After the rats were euthanized, vital organs including liver, kidney, cardiac muscle and brain
were removed from the Wistar rats and fixed in 10% formalin for at least 48 h, processed
routinely, and the organs embedded in paraffin wax. Histological sections were cut at 5 – 6
µm and stained with routine haematoxylin and eosin (H & E) and periodic acid schiff (PAS)
(Bancroft and Stevens, 1996). Detailed microscopic examinations were carried out by a
consultant histopathologist. Photomicrographs of the organs were taken at various
magnifications (× 100, × 250, and × 400)

RESULTS AND DISCUSSION
Effect of Resveratrol on Liver Differential Hepatocyte Histopathology in Lead-induced
Toxicity in Wistar Rats
PLATE 1 and 2
The periodic acid schiff (PAS) stain result of the liver showed normal storage of glycogen
deposit in hepatocytes (magenta colour) in distilled water and carboxymethylcellulose treated
rats.
PLATE 3-7
Lead acetate treated rat’s liver showed a distortion in the pattern of glycogen storage in
hepatocytes with diminished glycogen deposit Plate 3. Succimer treated rat’s liver showed
slight improvement in the pattern of glycogen storage in hepatocytes with reduced glycogen
deposit Plate 4. Resveratrol (200 mg/kg) treated rat’s liver showed a marked improvement in
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the pattern of glycogen storage in hepatocytes Plate 5. Resveratrol (400 mg/kg) treated rats’
liver showed a marked improvement in the pattern of glycogen storage in hepatocytes more
than as seen in resveratrol (200 mg/kg) Plate 6. Resveratrol pretreated rats’ liver showed a
marked improvement in the pattern of glycogen storage in hepatocytes more than as seen in
resveratrol (400 mg/kg) treated rats Plate 7.
Effect of Resveratrol on Kidney Histopathology in Lead-induced Toxicity in Wistar Rats
PLATE 1 and 2
Kidney renal cortex of the distilled water and carboxymethylcellulose treated rat’s revealed
normal histology of the renal cortex.
PLATE 3-7
Rats treated with lead acetate only showed a significant infiltration by macrophages Plate 3.
Rats treated with succimer showed an improved architecture of the renal cortex, however,
there was slight infiltration by macrophages Plate 4. Rats treated with resveratrol (200 mg/kg)
showed improved renal cortex histology, thus, no significant histopathology seen Plate 5. Rats
treated with resveratrol (400 mg/kg) showed well preserved renal cortex histology. Thus, no
significant histopathology was seen Plate 6. Rats pretreated with resveratrol (400 mg/kg)
showed the same findings as that seen in resveratrol treated rats Plate 7.
Effect of Resveratrol on Cardiac Muscle Histopathology in Lead-induced Toxicity in Wistar
Rats
PLATES 1 and 2
Normal histology of the cardiac muscle was shown in both the rats treated with distilled water
(group 1) and those treated with carboxymethylcellulose (dissolved in distilled water, group
2), with well-arranged cardiac muscle fibers and nucleus endothelial cells.
PLATES 3-7
Rats that were treated with lead acetate showed a conspicious infiltration by macrophagic
cells and loss in branching of muscle fibers Plate 3. Rats that were treated with succimer after
lead acetate induction for 2 weeks showed some loss in branching of the cardiac muscle fibers
and to lesser degree than in the lead poisoned group 3. Little infiltration by some macrophagic
cells was also observed Plate 4. Rats that were treated with resveratrol (200 mg/kg) after
induction of lead acetate for 2 weeks showed improved cardiac muscle architecture. However,
there was slight evidence of macrophages Plate 5. Rats that were treated with resveratrol (400
mg/kg) after induction of lead acetate for 2 weeks showed preserved cardiac muscle
architecture. There is no significant histologic finding seen Plate 6. Rats that were pretreated
with resveratrol (400 mg/kg) for 5 days before 2 weeks lead acetate induction showed well
preserved histology architecture as seen in resveratrol (400 mg/kg) treated Plate 7.
Effect of Resveratrol on Brain Histopathology in Lead-induced Toxicity in Wistar Rats
PLATE 1 and 2.
Normal architecture of the cerebral cortex of the brain was revealed in Distilled water and
carboxymethylcellulose treated rats with molecular cell layer, pyramidal cell layer and
granular cell layer well preserved.

PLATE 3-7
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Rats treated with lead acetate only showed irregular contours of neurons, vacoulations in the
cerebrum, degenerated neurons, and depletion of cells in granular layer of hippocampus with
vacoulations. Thus, delamination of the cerebral cortex layers Plate 3. Rats treated with
succimer showed molecular cell layer, granular cell layer with slight delamination of
pyramidal cell layer Plate 4. Rats treated with resveratrol (200 mg/kg) showed well-arranged
molecular cell layer, granular cell layer with slight distortion of delamination of pyramidal
cell layer Plate 5. Rats treated with resveratrol (400 mg/kg) showed more perfect arrangement
in molecular cell layer, granular cell layer and pyramidal cell layer Plate 6. Rats pretreated
with resveratrol (400 mg/kg) showed similar findings as that seen in resveratrol (400 mg/kg)
treated rats Plate 7.

PLATE (1-7): Photomicrograph of liver from (1) Rats treated with distilled water Note, hepatocyte (H
vein (CV), (2) Rats treated with carboxyl methylcellulose (10g/L). Note, hepatocyte (H) with glyc
(3) Rats treated with lead acetate (120 mg/kg). Note –hepatocyte (H) with diminished glycogen dep
(10mg/kg). Note –hepatocyte (H) with reduced glycogen deposit (arrow); CV-central vein, (5) Ra
(H) (arrow); central vein (CV), (6) Rats treated with resveratrol (400 mg/kg). Note –hepatocyte (H)
(400 mg/kg) and lead acetate (120 mg/kg). Note –hepatocyte (H) (arrow); CV-central vein. PAS x
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PLATE (1-7): Photomicrograph of kidney cortex from (1) Rats treated with distilled water, Note, G-glomerulus (arrow); PCTproximal convoluted tubule; DCT-distal convoluted tubule, (2) Rats treated with carboxyl methylcellulose (10 g/L). Note, Gglomerulus (arrow); PCT-proximal convoluted tubule; DCT-distal convoluted tubule, (3) Rats treated with lead acetate (120
mg/kg). Note, G-glomerulus; M-macrophages (arrow), (4) Rats treated with succimer (10 mg/kg). Note, G-glomerulus; Mmacrophages (arrow), (5) Rats treated with resveratrol (200 mg/kg). Note, G-glomerulus, PCT-proximal convoluted tubule, DCTdistal convoluted tubule, (6) Rats treated with resveratrol (400 mg/kg). Note, G-glomerulus, PCT-proximal convoluted tubule,
DCT-distal convoluted tubule, (7) Rats treated with resveratrol (400 mg/kg) and lead acetate (120 mg/kg). Note, G-glomerulus,
PCT-proximal convoluted tubule, DCT-distal convoluted tubule H&E x 250
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PLATE (1-7): Photomicrograph of cardiac muscle from (1) Rats treated with distilled water. Cardiac muscle fiber (mf), nucleus,
endothelial cell (EC) (2) Rats treated with carboxyl methylcellulose (10g/L). Note, cardiac muscle fiber (MF) and nucleus; -endothelial
cell (EC), (3) Rats treated with lead acetate (120mg/kg). Note, macrophagic cell (MC); area of loss in cardiac muscle branching (LB)
(arrows), (4) Rats treated with succimer (10mg/kg). Note: cardiac muscle fiber (mf); -macrophagic cells (mc) (arrows); area of loss in
branching (lb), (5) Rats treated with resveratrol (200mg/kg). Note, - cardiac muscle fiber (mf), macrophagic cell (mc) (arrows), (6)
Rats treated with resveratrol (400mg/kg). Note, cardiac muscle fiber (mf) (arrow), (7) Rats treated with resveratrol (400mg/kg) and
lead acetate (120mg/kg). Note, cardiac muscle fiber (mf) (arrow) H & E x 400.
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PLATE 4.10. Photomicrograph of cardiac muscle from a male rat treated with resveratrol (200mg/kg). Note, - cardiac
muscle fiber (mf), macrophagic cell (mc) (arrows) H&E x 400
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PLATE (1-7): Photomicrograph of cerebral cortex from (1) Rats treated with distilled water, Note, ML-molecular cell layer; PLpyramidal cell layer; GL-granular cell layer, (2) Rats treated with carboxyl methylcellulose (10g/L). Note, ML-molecular cell
layer; PL-pyramidal cell layer; GL-granular cell layer, (3) Rats treated with lead acetate (120mg/kg). Note, irregular contours
of neurons, vacoulations in the cerebrum (VC), degenerated neurons, depletion of cells in granular layer of hippocampus with
vacoulations. NB: delamination of the cerebral cortex cell layers, (4) Rats treated with succimer (10mg/kg). Note, ML-molecular
cell layer; PL-pyramidal cell layer; GL-granular cell layer. NB: slight delamination of the pyramidal cell layer, (5) Rats treated
with resveratrol (200mg/kg).Note, ML-molecular cell layer; PL-pyramidal cell layer; GL-granular cell layer, (6) Rats treated
with resveratrol (400mg/kg). Note, ML-molecular cell layer; PL-pyramidal cell layer; GL-granular cell layer, (7) Rats treated
with resveratrol (400mg/kg) and lead acetate (120mg/kg). Note, ML-molecular cell layer; PL-pyramidal cell layer; GL-granular
cell layer. H & E x 100
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DISCUSSION
Glycogen storage in hepatocytes, which directly affects exercise ability (Young and Castellani,
2001), was observed to be normal (magenta colour), and similar in both the distilled water
(DW) and carboxymethylcellulose (CMC) treated rats. Lead acetate (LA) treated rats’ liver
revealed a distortion in the pattern of glycogen storage in hepatocytes with diminished
glycogen deposit which may be as a result of the effect of the LA administered. The protective
effects of resveratrol on glycogen storage was most pronounced in the resveratrol (400 mg/kg)
pre-treated rats, followed by the rats which received high dose (400 mg/kg) resveratrol after
LA treatment, and least in the rats treated with low dose (200 mg/kg) resveratrol after LA
treatment. This is similar to the previous report by Chi-Chang et al., (2013) in mice. Succimer,
the standard drug for the treatment of lead poisoning (POISINDEX, 2009; TOXBASE, 2009)
and resveratrol (the tested supplement) both improved glycogen storage after damage by LA
treatment in this study. This may be due to reduced intoxication of lead acetate or the
chelating properties of succimer and resveratrol. Resveratrol, fasting, and calorie restriction
(CR) has been previously reported to activate the expression and biological activity of SIRT1,
which plays a key role in regulating mitochondrial biogenesis and energy metabolism in the
liver, skeletal muscles, adipose tissues, and pancreas (Bonkowski and Sinclair, 2016; Hubbard
and Sinclair, 2014; Imai and Guarente, 2010; Herranz et al., 2010; Haigis and Sinclair, 2010;
Schwer, 2008).
Similar to what was observed with respect to glycogen storage in hepatocytes above, the
examination of the kidney of rats treated with DW and CMC showed normal histological
architecture of kidney cortex with clear glomerulus, proximal convoluted tubules and distal
convoluted tubules. LA treated rat’s revealed focal replacement of renal parenchyma by
lymphocytes, macrophages and coagulative necrosis. Similar histopathological lesions have
been reported in experimental LA toxicity with rabbits and mouse (Durgut et al., 2008; Rader
et al., 1983). The LA treated rats in this study also revealed intranuclear inclusion bodies in the
kidney proximal tubules. Other researchers have reported similar changes when male albino
rats were exposed to lead (Mohamed and Saleh, 2010). Furthermore, resveratrol treated rats
happened to have corrected most of the defects or negative effects caused by LA by improving
the architecture of the kidney looking almost similar to that of the negative control group
(CMC). This study also revealed that, the effectiveness of resveratrol is dose dependent
because rats treated and pretreated with resveratrol 400 mg/kg showed more improvement
by restoring the normal architecture of the kidney as seen in the negative control group.
Similar findings were reported by Ashour et al., (2007) although with different antidote such
as natural oil. Rats treated with resveratrol (200 mg/kg) showed improved renal cortex
histology. Rats treated with resveratrol (400 mg/kg) showed well preserved renal cortex
histology. Thus, more significant histopathology findings were observed. Rats pretreated with
resveratrol (400 mg/kg) showed the same findings as that seen in resveratrol treated rats.
Normal histology of the cardiac muscle showed in DW and CMC treated Wistar rats with
well-arranged cardiac muscle fiber and nucleus endothelial cells. LA treated rats revealed a
conspicuous infiltration by macrophagic cells and loss in branching of muscle fibers, which
was as a result of toxicities caused by the LA administered. Rats that were treated with
succimer after LA induction for showed some loss in branching of the cardiac muscle fibers
to lesser degree than in LA treated rats, little infiltration by some macrophagic cells was also
observed although, the effect were more prominently observed in rats induced with LA
without treatment. Rats treated with resveratrol (200 mg/kg) after induction of LA showed
improved cardiac muscle architecture. However, there is slight evidence of macrophages but
there was restoration of the loss of branching of muscle fibers to some degree. Higher dose of
resveratrol (400 mg/kg) after induction of LA showed preserved cardiac muscle architecture
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and the improvement was dose dependent. Rats that were pretreated with resveratrol (400
mg/kg) two (2) week following 28 days LA induction showed well preserved histological
architecture cardiac muscle. The feature of improved cardiac muscle architecture observed in
the pretreated rats was seen to be similar to DW and CMC treated rats. This is an indication
that resveratrol at dose of 400 mg/kg may have protective effect against lead poisoning in
cardiac muscles of the rats.
The brain is an essential organ of the body which is reported to be impaired on exposure to
lead with respect to time. A number of researchers have reported impairment in brain
architecture and function on exposure to lead (Ha et al., 2010, Xu et al., 2009, Cecil et al., 2008).
In this study, LA treated rats showed irregular contours of neurons, vacoulations in the
cerebrum, degenerated neurons, and depletion of cells in granular layer of hippocampus with
vacoulations, thus, delamination of cerebral cortex layers resulted due to the effect of lead
intoxication. The present findings were in agreement with the findings of Xu et al., (2009) and
Ha et al., (2010). In the brain, Succimer and resveratrol treated rats showed some degree of
improvement as it revealed normal molecular, pyramidal and granular cells layers of
hippocampus with absence of vacoulations and delamination of cerebral cortex layers. Hassan
and Jassim, (2010) reported similar findings with protective effects of some chemical agents
(vitamins C and E) against lead induced brain damage.
CONCLUSION
Resveratrol improved the adverse effects caused by lead acetate in the liver, kidney, cardiac
muscle and brain of the Wistar rats.
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