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ABSTRACT

The present study was designed to investigate the effectiveness of resveratrol (3,5,4'-trihydroxy-trans-stilbene)
supplements in alleviating the histopathological and some biochemical criteria alterations in adult female rats exposed
to lead acetate. Twenty adult female Wistar rats were divided equally into four groups; Group C served as control, group
G1 was gavage lead acetate (5mg/kg BW) orally, group G2 administered lead acetate (5mg/kg BW) and resveratrol
supplement at dose 87mg/kg BW and group G3 received the dosage of resveratrol supplement orally as in G2. Blood
samples were collected immediately before and after 28 days of the experiment to determine serum calcium ion and
phosphorus concentrations. Furthermore, specimens of femur bone were taken hold at the end of the treatment. Results
of serum calcium (Ca*?) and phosphorus showed a significant decrease in group G1 compared to other groups. Also,
there were histopathological alterations in the bone sections characterized by a reduction of the cellular component of
bone marrow tissue, visible empty lacunae, scattered osteocytes, and irregular roughened periosteum with increased in
collagenous in the bony matrix compared to the control, G2, and G3 groups. Besides, a decrease in these parameters in
group G2 was noticed compared to group G1. In conclusion, the results confirmed the effectiveness of resveratrol
supplements in alleviating the adverse effects of lead acetate on calcium, and phosphorus and attenuating the

histopathological changes of bone due to its antioxidant activities in rats.
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INTRODUCTION

Lead (Pb) is one of the common harmful heavy metals
in environmental and industrial pollution, it accumulates in
soil, water, and air (Mitra et al. 2022). In some areas of Iraq,
the percentage of lead was higher than the allowed range
(Al-Kasser 2021; Al-Sareji et al. 2021). Nowadays almost
everyone is exposed to lead in urban environments and in
industrial places through inhalation (air), car exhaust gases,
ingestion, water drinking, soil, dust, and dermal absorption
(WHO 2011). World Health Organization recommended
that the standard content of lead in water is 10pg/L (WHO
2011). Occupational and environmental exposure to lead
has increased by several folds resulting in the wide range
and huge volume of this element in industries, folk
remedies, cosmetics, pharmacology, and nanomedicine
(Ahmed and Siddiqui 2007; Ahmed and Mohammed
2022). As well as lead circulates in the peripheral
bloodstream and accumulates in vital tissues such as the
liver, pancreas, lungs and kidneys, or an amount of them is
excreted as waste to the environment (as a pollutant). A
high proportion of absorbed lead transfers to hard tissues of

the body, especially in the skeletal system (bone), where it
accumulates over time and remains for long periods (IHME
2017; WHO 2011). Lead toxicity affects living organisms
through alterations of physiological, biochemical, and
morphological modifications (Chowdhury et al. 2021;
Ramirez Ortega et al. 2021; Younas et al. 2023). In
physiological terms, lead is a toxic element even in few
amounts and low concentrations (Levine et al. 1989). One
major effect of accumulation of lead in the cells is
attributed to increasing generation of reactive oxygen
species (ROS) and enhancement of lipid peroxidation of
the cell membrane, mitochondrial dysfunction, DNA
damage, apoptosis with depletion of antioxidant defense
systems of cells (Fan et al. 2020; AL-Okaily and Murad
2021; Ghazi and Al-Qaiym 2023). Furthermore, lead-
induced alteration in gene expression patterns of
neurotransmitters such as serotonin and dopamine
(Hernandez-Coro et al. 2021), cause vitamin D deficiency
by disrupting the conversion of vitamin D to its biological
active (Rahman et al. 2018), attacks the brain and central
nervous system causing mental disorders and coma
(Nawfal and Al-Okaily 2023).
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Clinical signs of lead toxicity appear in domestic
animals, including signs of depression and circular
walking, blindness, teeth grinding, convulsive seizures,
anemia, and diarrhea (Loos Scarth 2006).

Resveratrol (phytoalexin) is a phenolic compound
present in wine and black grape and it has various
beneficial health effects (Murad and Al-Okaily 2020), due to
its antioxidant effects through the scavenger for removing
ROS which depends on the arrangement of functional and
bioactive groups in the nuclear structure, metal ion
chelating abilities or its ability to decrease oxidation by
enzyme inhibition mechanisms (Belguendouz et al. 1997).
Resveratrol has various biological and pharmacological
activities and its classification as a good antioxidant, anti-
hyperlipidemia, anti-inflammatory, immunomodulatory,
cardio-protective, anti-diabetic, and anti-carcinogenic
effects (Malhotra et al. 2015; Abdulla and Al-Okaily 2022).

Therefore, the current experiment tends to explain the
deleterious effects of lead acetate on some blood
biochemical criteria and bone, as well as to assess the
effectiveness of resveratrol supplements in ameliorating
these injuries. The present study aimed to propose using an
alternative antioxidant component (resveratrol) for metal
toxicity in animal bodies.

MATERIALS AND METHODS

Ethical approval was granted through the local
committee of animal care and use at the College of
Veterinary Medicine within the University of Baghdad
(Number 1507/PG) before starting this study.

Animals and Experimental Design

The current experiment has been subjected to 20
mature-healthy female Wister albino rats, aged 12-13
weeks, with an average weight of 185+15gm. Rats were
housed in the College of Veterinary Medicine, University
of Baghdad in plastic cages (5/cage) in a well-ventilated
room and received an oral pellet diet with fulfilled
requirements for rats (according to the laboratory rodent
diet 5001) and drinking tap water ad libitum with the light
cycle from 7 am to 7 pm along the experiment period at the
temperature of 22-25°C and 40+5% relative humidity. The
cages were cleaned weekly, and the rats were acclimatized
for two weeks. After that, the 20 rats were randomly
divided into four equal groups and treated daily for 28 days
as detailed in Table 1. Lead acetate dose was followed as
mentioned by Murad and Al-Okaily (2020) and the
Resveratrol supplement dose was mentioned by Khudair
and Al-Okaily (2022).

Collection of Blood Samples and Specimens of Bone
Blood samples were collected from anesthetized rats
after intramuscular injections of ketamine (60mg/kg
Duopharma; Malaysia) and xylazine (40mg/kg VMD;
Belgium) at the baseline (day zero) and 28 days later using
the heart puncture. Then serum samples were separated by
centrifuging at 2500rpm for 15min for measurement of
calcium and phosphorus concentration using a kit
(Inorganic colorimetric method) (Liner Chemicals-Spain).
Furthermore, the representative specimens of 2cm were cut
from the femur bone of each rat. Specimens were fixed in
neutral buffered formalin 10% for 72h. After fixation,
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samples of bone were decalcified with 5% nitric acid for
48h (the nitric acid solution was changed twice daily).
After that all samples of bone were washed with running
tap water for 30min and processed by routine histological
processing method then specimens were embedded with
paraffin wax to obtain blocks of paraffin. Paraffin sections
were cut 4-5um by using a rotary microtome (Histo-line
company, Italy) and the paraffin sections were stained with
hematoxylin and eosin (Bacha and Bacha 2012).

Statistical Analysis

The resulting data were analyzed using ANOVA two-
way analysis of variance using SPSS (version 15),
followed by the least significant difference (LSD) test.
P<0.05 is considered statistically significant (Snedecor
and Cochran 1973).

RESULTS

Table 2 illustrates that serum concentrations of
calcium and phosphorus were significantly (P<0.05)
reduced in lead acetate-treated rats compared with other
groups. The results of the mixture-treated group (G2)
showed a significant (P<0.05) increase in these parameters
comparable to lead acetate-treated rats. A non-significantly
(P>0.05) difference between group G3 and the control was
noticed after 28 days of the experiment.

Bone sections of the control group show normal bone
architecture morphology with several Haversian systems
and many osteocytes (Fig. 1A). Compared to the control,
sections of the Pb-acetate-treated group manifested bone
histological changes characterized by a reduction of the
cellular component of bone marrow tissue, visible empty
lacunae and unmineralized newly formed bone with
scattered osteocytes (Fig. 1B and C), other findings
showed immature bone trabecular with moderate fatty
replacement and irregular roughened periosteum with
increased in collagenous in the bony matrix (Fig. 1D and
2A), additionally, osteoblast detachment from a bone
surface with immature osteoblast was noticed. Lead
acetate + resveratrol group (G2) pointed to moderate
osteoblastic activity with the prominence of normal
components of marrow tissues (Fig. 2B) and increased
density in the periosteum (Fig. 2C) compared to G1. While
sections of bone of group G3 revealed normal cellular
components of bone matrix and marrow tissue with a
complete surface lining of trabecular bone (Fig. 2C). In
Fig. 2D, tissue with the complete surface lining of
trabecular bone is observed.

DISCUSSION

A significant decrease in serum calcium and
phosphorus concentrations in rats who received lead
acetate was reported. These results were confirmed
previously (Batra et al. 2020). It's known that bone and
kidneys are the principal target organs for Pb toxicity
(Sanin et al. 1998; Satarug et al. 2020). Lead interferes with
Ca*? in different metabolic pathways (Ridulescu and
Lundgren 2019), consequently leading to dysregulation of
calcium homeostasis accompanied by many disorders and
functional disruptions (Upadhyay et al. 2022; Nawfal and
Al-Okaily 2023). Besides, alteration of Ca+2 homeostasis
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Fig. 1: A) Bone section of control (-ve) showing several haversian system and number of osteocytes seen in bone matrix (black arrows)
separated by irregular collagen fibers with basophilic cement lines (yellow arrow) and active osteoblast surface lining (red arrow), B)
Bone section of lead acetate group showing moderate reduction of cellular component of marrow tissue (blue arrows) accompanied with
numerous bony sequestrate (green arrows), C) Bone section of lead acetate treated group showing visible of empty lacunae and absence
of haversian canal (yellow arrowhead), and D) Bone section of lead acetate treated group (G1) showing vascular sinusoid with edematous
fluid (F) finding and immature bone trabeculae with moderated fatty replacement of bone marrow. Stain H and E.

Fig. 2: A) Bone section of lead acetate treated group (G1) showing the appeared irregular roughened periosteum with moderate increased
in collagenous fibers with few numbers of basophilic osteoblast (black arrow) that extend in bony cortex (blue arrow) with incomplete
calcification (red arrow), B) Bone section of treated group with lead and resveratrol (G2) showing moderate osteoblastic activity lining of
bone trabeculae (black arrow) with prominence normal component of marrow tissue (black star), C) Bone section of treated group with
lead and resveratrol (G2) showing Thick lamellar bone containing numerous osteocyte (black arrow) with increase collagen density in the
periosteum (red arrow), and D) Bone section of resveratrol treatment group (G3) showing complete endosteum lining by active osteoblast
with normal cellular component of Marrow tissue (black arrow) with multiple incomplete mineralization areas (head arrow). H&E stain.
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Table 1: Experimental protocol of the study

Group Oral Treatments (mg/kg BW)
Lead acetate Resveratrol supplement
Control - -
1 5 -
2 5 87
3 - 87

Table 2: Serum concentrations of calcium and phosphorus
(mg/dL) in lead acetate-treated rats (before and after treatment).

Groups Calcium Phosphorus
Periods Periods
Before After Before After

Control 10.60£0.19/% 10.76+0.224% 6.38+0.06"% 6.28+0.02A%

Gl 10.90+0.16”% 8.55+0.168¢ 6.28+0.024% 5.41+0.225¢
G2 10.67+0.16"% 10.20+0.117° 6.34+0.02"* 6.03+0.065°
G3 10.68+0.19%% 10.82+0.11°% 6.33+0.02A% 6.35+0.08A%

Data represented as mean+SE. AB Capital letter denot a significant
difference (P<0.05) between experimental groups (Row). ¢
Small letter denot a significant difference (P<0.05) within groups
(within time) (Column).

causes disability of erythropoietin synthesis (Graziano et al.
1991), impairment of calcitriol (1, 25-DHCC) with
disruption of parathyroid hormone (PTH), consequently has
a more direct effect on calcium homeostasis (Dongre et al.
2013). Calcitriol has an effective role in maintaining
homeostasis of calcium and phosphorus metabolism, as well
as, facilitating the absorption of calcium and phosphorus in
renal tubular cells (Kristal-Bouneh et al. 1998).
Erythropoietin causes an increase in intracellular calcium
(iCa*?) concentration in erythroid progenitor cells which is
attributed to the proliferation and differentiation of these
cells (Zhang et al. 2022). 1t was pointed out that exposure to
Pb caused renal tubular damage characterized by a
significant excretion of Ca*? (Navarro-Moreno et al. 2009).

It was also found that high circulating levels of
fibroblast growth factor 23 (FGF23) are associated with
high disturbances in the regulation of phosphate, vitamin D
metabolism and calcium homeostasis accompanied with
elevated PTH levels likely, also contribute to increase renal
phosphate excretion by decreasing the expression of the
renal sodium-phosphate cotransporters in the proximal
tubules (Rausch and Foller 2022). So, it can be suggested
that hypophosphatemia in group G1 might be due to Pb
causing an increase in FGF23 production. Thus, further
investigation in the future is essential to the measurement of
FGF23 as a prognostic marker in lead-exposed animals.
Also, lead causes changes in the expression of genes
involved in calcium homeostasis related to induced oxidative
stress, apoptotic, and cell death (Upadhyay et al. 2022).

In the present study, the protective effect of resveratrol
on rats exposed to lead acetate was studied for the first
time. Current results confirmed an improvement in serum
Ca* and phosphorus concentrations in rats of group G2
compared to group G1 may be via the role of resveratrol in
reducing the production of FGF23 in Pb-treated rats (Zhang
et al. 2017). Zhang et al. (2020) the antioxidant properties
of resveratrol or pterostilbene supplements in alleviating
the damage of villus morphology and epithelial cell
survivals in the jejunum of oxidative stressed young
weaning piglets due to its ability to facilitate nuclear factor
erythroid 2-related factor 2 signals which consequently
preserves the permeability of the small intestine. This data
indicates that resveratrol supplements could be a promising
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anti-stress supplement for the improvement of redox status
(Khayoon and Al-Rekab 2020; Abdulla and Al-Okaily
2022), as well as, attenuate oxidative stress by oxalate and
decreasing calcium oxalate deposition in rat kidney by
inhibiting the expression of the osteogenic proteins BMP2
and OPN (Wu et al. 2021) and improve renal tubular
epithelial cells (Khudair and Al-Okaily 2022). Current
results documented the therapeutic importance of
resveratrol in ameliorating and maintaining calcium and
phosphorus homeostasis through its role in reducing the
production of FGF23 in Pb-treated rats.

Results denote a marked histopathological change in
the bone of rats administered lead-acetate compared to
control. These results were consistent with the results of
serum Ca*2 and phosphate concentrations in the G1 group
which indicate the presence of inflammation and/or
alterations of the redox state. These results are consistent
with the findings of others (Jiang et al. 2021). Lead
exposure could affect and suppress bone growth and
development of osteoporosis (Shukla et al. 1989). A
decrement in serum calcium with increased Pb in blood
with scattered osteocytes, immature bone trabecular, and
decreased bone mineralization is considered the main
factor of osteoporosis (Alvarez-Lloret et al. 2014). Also
causes the degeneration of many bone-specific proteins
accompanied by apoptosis of osteoblasts leading to change
in the bone microenvironment (Ma et al. 2012). Besides,
lead exposure causes an increase in both PANP and CTX
which causes a decrease of the mineral/matrix ratio at the
periosteum (Monir et al. 2010) and an increased collagen
matrix production.

Resveratrol could have the ability in bone remodeling
by reducing bone resorption via increased C-terminal
telopeptides type | collagen. Some studies confirm that
resveratrol could abolish bone loss in osteoporotic mice-
via significantly inhibited osteoclastogenesis and
reversed reducing Runx2, OCN, and type | collagen, up-
regulated the level of Forkhead box protein O1 (FOXO1)
and maintained the redox equilibrium in the mice (Zhao
et al. 2015; Wang et al. 2017). and ameliorates the
progression of osteoarthritis through inhibits the
abnormal proliferation of blood vessels by
downregulating the expression of vascular endothelial
growth factor (VEGFA) and Angiopoiein-1 and inhibits
osteoclast differentiation and reduces active bone
resorption by regulating the OPG/RANKL/RANK
pathway (Xiong et al. 2021). Also, resveratrol reduces
osteoporosis by inhibiting osteocyte apoptosis and
encouraging autophagy via AMPK/JNK1 activation in
oxidative stress rats (Wei et al. 2023). Osteoporosis cause
inhibition of sirtuinl expression (one of the important
roles in bone metabolism), while treatment with
resveratrol cause activation the expression of this protein
in osteoporotic rats (Lee et al. 2016; Wang et al. 2017).

Conclusion

Current results documented the therapeutic importance
of resveratrol in ameliorating and maintaining calcium and
phosphorus homeostasis and bone remodeling in rats
exposed to lead may be through its role in reducing the
production of FGF23 in Pb-treated rats and increased
expression of some protein related to osteoporosis. The
experimental results strongly indicate the protective effect



of resveratrol supplements against the toxic effect of lead
on bone tissue homeostasis.
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