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Lead neurotoxicity has been studied in animal models to induce neurodegeneration. The study was
aimed to evaluate the attenuating effects of quercetin on spatial memory impairment and degenerative
changes in hippocampus of lead exposed rats. Thirty (30) Wistar rats were randomly divided into six
groups of five rats per group (each, n = 5). Groups | (control) and Il were administered distilled water
and lead, respectively for 42 days. Lead was co-administered with Quercetin and Succimer for Groups
[l and VI, respectively for 42 days. Groups IV and V were administered lead for 21 days and treated with
Quercetin for Group IV and Succimer for Group V for another 21 days. The administration was orally,
once per day and lasted for 42 days. Spatial memory was assessed using Eight-arm radial water maze
(8-ARWM) test. The rats were anaesthetized with Ketamine at 75 mg/kg intraperitoneally and euthanized.
Brain was harvested, processed, Haematoxylin and Eosin stains were used for histological study of the
hippocampus and cells were counted. Results showed spatial memory was impaired and histopatho-
logy such as vacuolation, pyknotic and reduction in pyramidal cells count in CA3 region of
hippocampus of lead exposed rats. However, treatment with quercetin improved spatial memory and
histopathology. Thus, quercetin could be used as an antidote in lead neurotoxicity.
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INTRODUCTION

Neurodegeneration has been extensively studied in
animal models (Colpo et al.,, 2017) as one of the main
factors mediating neurodegenerative diseases like
Parkinson’s disease and Alzheimer's disease (Zhou et

al., 2020). Exposure to various environmental toxicants
(Mostafalou and Abdollahi, 2018) from anthropogenic
activities (Almeida et al., 2019) like mining, smelting,
crystal and ceramic industries, batteries production and
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recycling, coatings, plastic stabilizers and fertilizers,
release heavy metals (Karri et al., 2020) that induced
neuronal degeneration (Colpo et al., 2017). Lead is widely
distributed (Zhou et al., 2020) and its exposure induces
neurotoxicity from neurodevelopmental disorders (Feng
et al., 2019) to severe neurodegenerative lesions (Zhou
et al., 2020), leading to learning, memory and cognitive
impairments (Feng et al, 2019). Lead can easily
penetrates the neural tissue (Bressler and Goldstein,
1991), directly affecting the neurons and synapses or
indirectly affecting neuronal connections via glial cells
(Kasten-Jolly et al.,, 2011). The pathogenesis of lead-
induced neurodegeneration are multifactorial, relating to
cytotoxicity, changes in storage and release of
neurotransmitters, energy metabolism disorders, oxidative
stress, neuroinflammation and induction of apoptosis
(Lidsky and Schneider, 2003). Previous study reported
reduction in number of pyramidal neurons in degenerated
sub-regions like CAl1 and CA3 of the hippocampus
mediated impaired activities of the hippocampus including
storage and retrieval of information in lead exposed rats
(lliyasu et al., 2015). The earlier study of Khaled et al.
(2014a) also reported neuronal damage in brain cortex
and neurodegeneration of CA1 and CA3 regions of the
hippocampus in lead exposed rats. In this region of the
brain, scar formation, demyelination and neuronal atrophy
(Soltaniniejad et al., 2003) could result from even low
(0.2%) exposure to lead (Noor et al., 2012).

Succimer, also known as Meso-2,3-dimercaptosuccinic
acid (DMSA), is a water-soluble and sulfhydryl containing
compound which is an effective oral chelator of heavy
metals (Aposhian, 1983). DMSA has a large therapeutic
window and is the least toxic of the dithiol compounds
(Graziano, 1986), and has been used since the 1950s as
an antidote for lead poisoning in Russia, Japan, and the
People’s Republic of China (Muckter et al., 1997).

Quercetin is a member of the flavonols under the class
of flavonoids (Zaplatic et al., 2019). It has been
investigated and found to be present in vegetables, fruits,
and nuts (Guo and Bruno, 2015). Quercetin crosses blood
brain barrier (BBB) and protective neural tissues
effectively (Ossola et al., 2009). The neuroprotective
mechanisms of quercetin are via metal chelation (Mira et
al., 2002), direct scavenging of free radicals (Bindoli et
al., 1985) and inhibition of AR aggregation (Zeng et al.,
2004).

The scavenging activity of quercetin is due to the
number of hydroxyl substitutions, correlating with its
electron-donating ability (Boots et al., 2008). Quercetin
hydroxyl group at C3 position is responsible for the
inhibition of lipid peroxidation levels (Morel et al., 1993)
and chelation of metal ions (Ishige et al., 2001). The three
hydroxyl groups in A and B rings of quercetin are
responsible for the quenching of the free radicals that
cause oxidative stress (Husain et al., 1987). The study
was aimed to evaluate the attenuating effects of quercetin
on spatial memory impairment and degenerative changes

in hippocampus of lead exposed rats.

MATERIALS AND METHODS
Acquisition of chemical substances/reagents/equipment

Quercetin (Sigma-Aldrich, USA), Succimer (Sigma-Aldrich, USA)
and Lead (ll) acetate trihydrate (Honeywell, Germany) were
purchased.

Experimental animals

Thirty (30) male Wistar rats reared in Department of Pharmacology
Animal House Centre, Ahmadu Bello University, Zaria, Nigeria, were
used. The rats were housed in well ventilated plastic cages at room
temperature in hygienic conditions under natural light and dark
schedule and fed on standard laboratory diet for a period of two
weeks and water was allowed ad libitum. Ethical clearance with the
approval number of ABUCAUC/2018/087 was obtained from
Committee on Animal Use and Care, Ahmadu Bello University,
Zaria.

Experimental procedures

The oral LDsy of quercetin for rats is 161 mg/kg body weight
(Sigma-Aldrich, 2018). Based on this report, 37% (60 mg/kg) of the
oral LDsy was administered. The oral LDsy of Lead (ll) acetate
trinydrate from the result of the present acute toxicity study is 3808
mg/kg for Wistar rats. Based on this, 3.28% (125 mg/kg) of the LDsq
was administered. The dosage of 10 mg/kg body of Succimer was
administered as a standard drug according to the prescription of
Alan and Miller (1998).

Experimental design

The 30 Wistar rats (average weight, 119.00 + 2.83 g) were randomly
divided into six groups (each, n = 5). Groups | (control) and Il (Pb®")
were administered distilled water (H,O: 1 ml/kg) and Lead (Pb: 125
mg/kg), respectively for 42 days. Lead (Pb: 125 mg/kg) was co-
administered (COA) with Quercetin (Q: 60 mg/kg) and Succimer (S:
10 mg/kg) for Groups Il (Q + Pb?* COA) and VI (S + Pb*" COA),
respectively for 42 days. In treatment (TRT) groups, Groups IV (Pb**
+ Q TRT) and V (Pb*" + S TRT) were administered Pb: 125 mg/kg
for 21 days and then treated with Q: 60 mg/kg for Group IV and S:
10 mg/kg for Group V for another 21 days. The administration was
orally, once per day and lasted for 42 days (Figure 1).

Eight-arm radial water maze (8-ARWM) test

Spatial memory was assessed based on the protocol of Penley et
al. (2013). The rats were trained before the administrations, the test
was carried out during administrations, latencies to locate the
platforms were recorded and average of the four trials was subjected
to statistical analysis.

Animals sacrifice

The rats were euthanized by deeply anaesthetized with Ketamine at
a dose of 75 mg/kg intraperitoneally (IP) (Molina et al., 2015). Brain
was harvested and fixed in Bouin’s fluid. Tissues were processed
and stained with Hematoxylin and Eosin, according to the methods
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Figure 1. Grouping of the rats and their treatments.

of Sheehan and Hrapchak (1980).

Histopathological assessment

The sections were viewed under light microscope and
photomicrographs were made using digital Am scope (MD-900)
microscope camera. Pyramidal neurons in CA3 region of the
hippocampus were counted using Digimizer image analysis
software according to the previous reported methods (lliyasu et al.,
2015).

Data analysis

The data obtained were analyzed using One-way analysis of
variance (ANOVA) to compare the mean differences followed by
Tukey Post-hoc test where necessary. P-value less than 0.05 was
considered significant. The results were analyzed and graphs were
plotted using GraphPad Prism, Version 8.0.1.

RESULTS
Histopathological assessment of the hippocampus

The results revealed that the CA3 region of hippocampus
in Group | (control) had normal architecture of neurons
whose cell bodies were all intact (Plate 1). However, the
CA3 region in group Il: Pb** (Plate Il) revealed
histological alterations markedly in Pyramidal neurons
with vacuoles. Some of the neurons appeared distorted

with irregular size and shape due to shrunken of
perikaryon. The nucleus undergoes pyknosis and the
cytoplasm becomes strongly eosinophilic. The alterations
in sections of hipfocampus in groups: Ill: Q + Pb** COA
(Plate 1Il), IV: Pb** + Q TRT (Plate 1V), V: Pb** + S TRT
(Plate V), and VI: S + Pb®* COA (Plate VI), were mild
when compared with group Il that revealed features of
degeneration.

Pyramidal neurons count in CA3 region of the
hippocampus

The results showed significant decrease in Pyramidal cell
count hippocampal CA3 region in groups Il: Pb®" when
compared with group | (control) at p < 0.05 (Figure 2).
There were significant increases in Pyramidal cell count
in groups: Ill: Pb** + Q TRT, IV: Pb®* + Q TRT, V: Pb** +
S TRT, and VI: S + Pb* COA, when compared with
group Il (p < 0.05). There was significant increase in
Pyramidal cell count in group VI: S + Pb® COA when
compared with groups: IV: Pb** + Q TRT and V: Pb* + S
TRT (p < 0.05).

Effects of quercetin and lead on spatial memory

The mean latencies from the average of four trials to
locate the platforms revealed insignificant differences
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Plate I. A photomicrograph of group | (Control) hippocampus. The section showed normal CA3
Region and the Pyramidal neurons have intact cell bodies; centrally located nuclei [black arrow
head], Nucleolus [black and white arrow] Cytoplasm [black arrow] (H&E, x 400).

Plate II. A photomicrograph of Group Il (Pb®") hippocampal CA3 region. The section revealed
markedly degeneration of Pyramidal neurons [red and white arrows] with vacuoles [V]. Some of
the neurons appeared distorted with irregular size and shape due to shrunken of perikaryon.
The nucleus undergoes pyknosis [red and white arrow head], fragmentation [yellow and white
arrow] and lysis [green and white arrows]. The cytoplasm loses its organelles, becomes
strongly eosinophilic (H&E, x 400).

across the groups in weeks I, II, Ill, IV and VI (p > 0.05) DISCUSSION

except in week V where the mean latency was

significantly higher in group Il (Pb*") than Groups: IV The histopathology revealed degeneration of CA3 region
(Pb* + Q TRT) and V (Pb** + S TRT) at p < 0.05 (Figure of hippocampus, manifested reduction in number of
3). pyramidal cells in lead exposed rats. The present findings
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Plate Ill. A photomicrograph of Group Ill (Q + Pb?" COA) hippocampal CA3 region. The section
revealed normal histoarchitecture of Pyramidal neurons with intact cell bodies; centrally located
nuclei [black arrow head], Nucleolus [black and white arrow] Cytoplasm [black arrow], few
degeneration of Pyramidal neurons [red and white arrows] with vacuole [V] (H&E, x 400).

Plate IV. A photomicrograph of Group IV (Pb®* + Q TRT) of hippocampal CA3 region. The
section revealed normal histoarchitecture of Pyramidal neurons with intact cell bodies; centrally
located nuclei [black arrow head], Nucleolus [black and white arrow] Cytoplasm [black arrow],
the nuclei of few neurons undergoes pyknosis [red and white arrow head] (H&E, x 400).

learn credence to previous study of Nagi-Syed (2014) could be attributed to hippocampal damage revealing the
who reported lead-induced behavioural impairments that effects in degeneration and neuronal loss of pyramidal
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Plate V. A photomicrograph of Group V (Pb* + S TRT) hippocampal CA3 region. The section
revealed normal histoarchitecture of Pyramidal neurons with intact cell bodies; centrally located nuclei
[black arrow head], Nucleolus [black and white arrow] Cytoplasm [black arrow], the nuclei of few
neurons undergoes pyknosis [red and white arrow head] (H&E, x 400).

Plate VI. A photomicrograph of Group VI (S + Pb?* COA) hippocampal CA3 region. The section
revealed normal histoarchitecture of Pyramidal neurons with intact cell bodies; centrally located
nuclei [black arrow head], Nucleolus [black and white arrow] Cytoplasm [black arrow], the nuclei
of few neurons undergoes pyknosis [red and white arrow head] (H&E, x 400).

cells was evident, particularly in the deeper regions brain cortex and hippocampus with neurodegeneration of
where empty spaces and vacuoles were encountered. CAl1 and CA3 regions resulted from scar formation,
Khaled et al. (2014b) had observed neuronal damage in demyelination and neuronal atrophy (Soltaniniejad et al.,
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Figure 2. Effects of quercetin and lead on pyramidal cells in CA3 region of
hippocampus. Control: Distilled H,O, Pb?: Lead, Q: Quercetin, S: Succimer, COA:
Co-administration, TRT: Treatment. a = Significantly lower than groups I, V and VI,

e = significantly higher than groups IV and V.

2003) due to low levels of lead exposure (Noor et al.,
2012). Zook et al. (1980) have reported gliosis and
necrosis of hippocampal neurons in lead exposure rats.
Brinck and Wechsler (1985) incubated slices of guinea
pig hippocampus in a lead containing medium and
reported vacuolation and shrinkage of pyramidal cells in
the outer parts of the CA4 neurons. Loss of cellular
integrity in CA3 region of the hippocampus may be
accountable for the clinical features of lead such as
disorders in emotional response, memory and learning
(Schneider et al., 2012). The effects of lead induced
alterations in nerve fibers and overall myelin structures
were associated with a decline in cognitive function
(Peters, 1996) due to decrease in propagation of impulse
along nerve fibers (Bondan et al.,, 2006). The study
revealed the attenuating effects of quercetin and
succimer  (standard drug) against lead-induced
histological alterations in CA3 region of hippocampus in
lead exposed rats. However, the effects of succimer were
more potent than quercetin especially in pyramidal
neurons count. Quercetin treatment  reduced
histopathological alterations on neurons, axon structure,

density and morphology induced by sodium arsenate
(Mesram et al., 2019). Similar observation was reported
by Flora et al. (2014), following co-administration of
guercetin with arsenic that quercetin treatment showed
improvement in overall histoarchitecture of brain, with
normal sized glial cells, pyramidal cells with mild pyknosis
and cytoplasmic vacuolization and thus increasing the
number of neurons. Mesram et al. (2019) reported that
guercetin antioxidant properties against toxicants could
ameliorate histological alterations (Yuhan et al.,, 2012;
Jiang et al., 2016).

The study also revealed impairment in spatial memory
by increasing the latency to locate the platforms in 8-arm
radial water maze (8-ARWM) in lead exposed rats. The
increase in latency is an indicator of memory impairment,
being significant and correlated with neuropathology
observed, indicating hippocampal degeneration in lead
exposed rats. The observations are in agreement with
earlier study that lead exposure in Wistar rats induced
hippocampal damage and impaired learning abilities in
Morris Water Maze (MWM) test (lliyasu et al., 2019). The
interference of lead with developing nervous system can
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Figure 3. Effects of quercetin and lead on mean latencies from the average four trials to locate the
platforms. Control: Distilled H.O, Pb*: Lead, Q: Quercetin, S: Succimer, COA: Co-administration, TRT:
Treatment. *: Significantly higher in group Il than groups IV and V.

cause permanent learning and behavioural disorders,
linking the induction of neurodegeneration via free
radicals generated from lead and other heavy metals
exposure (Sasaki et al., 2003; Heo and Lee, 2004).

The spatial learning and memory require hippocampal
N-methyl-D-aspartate (NMDA) receptor (Ohno et al.,
1992; McNamera and Skelton, 1993) and alteration of
this receptor due to lead exposure damage mitochondria,
microfilaments, and microtubules in hippocampal neurons
and myelin sheath degeneration (Jett and Guilarte, 1995;
Xu et al., 2009). Neurogenesis and processes of
differentiation of new cells in the dentate gyrus of
hippocampus are inhibition in during early development
exposure to lead (Jaako-Movits et al., 2005), and thus
could be responsible for the spatial memory impairment.
The hippocampus and prefrontal cortex alterations might
be the basis of the learning and memory impairments
induced by chronic lead exposure (Mansouri et al., 2013).
The study however, revealed the attenuating effects of
quercetin and succimer (standard drug) on improving
spatial memory impairment by reducing the latency to
locate the platforms in lead-exposed rats. Khan et al.
(2018) demonstrated the ameliorative effect of quercetin
against lipopolysaccharide (LPS)-induced
neuroinflammation mediated neurodegeneration and

memory deficits in the cortical and hippocampal regions
of the adult mouse brain. Memory improvement was also
observed by Patil et al. (2003) after quercetin
administration intraperitoneally for seven days in mice
suffering from age-related or lipopolysaccharide
treatment-induced cognitive impairment. Quercetin at a
dose of 50 mg/kg improved spatial memory impairment in
the 8-arm radial maze test and reduced neuronal cell
death in the hippocampal CAl area induced by repeated
cerebral ischemia (Fengling et al., 2007). Nageshwar et
al. (2017) reported the neuroprotective and memory
enhancing effects of quercetin by inhibiting sodium
fluoride-induced neurodegeneration in developing brain
of rat. Quercetin possesses multiple neuroprotective
activities, such as suppression of neuroinflammation and
neuronal apoptosis, promoting neuronal survival, as well
as improving learning and memory functions (Dey et al.,
2017; Ali et al., 2018; Shal et al., 2018). The activation of
CREB and induction of neurogenesis by quercetin
enhances learning and memory as a compensatory
mechanism for neuronal cell death in the brain of AB; 4,
injected rats (Karimipour et al., 2019). The recovery of
memory by quercetin after the induction of lesions in the
brain have been described for its ability to activate
signaling pathways and to induce vascular effects



capable of promoting new nerve cell growth in the
hippocampus (Spencer, 2009).

Conclusion

The study concluded that the effects of quercetin and
succimer (standard drug) in lead exposed rats, improved
memory impairment and degenerative changes in
hippocampus when compared with lead exposed rats
only. Thus, quercetin could be a potential antidote in lead
neurotoxicity.
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