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A B S T R A C T

Antimicrobial and wound-healing activities of Syzygium guineense are well documented,
but its use in lead-induced neurotoxicity remains less explored. This study examined the
effects of S. guineense leaf (SGL) extract on lead-induced prefrontal cortex (PFC) dam-
age in Wistar rats. Twenty-five rats (60–80 g) were assigned to five groups (n = 5):
control; lead (5 mg/kg); and lead + SGL extract at 100, 250, or 400 mg/kg. Behavior
was assessed, and the PFC was excised for hematoxylin and eosin (H&E) and Cresyl
Fast Violet (CFV) staining and for measurement of malondialdehyde (MDA), glucose-6-
phosphate dehydrogenase (G6PDH), and lactate dehydrogenase (LDH) after two weeks
of treatment. PFC MDA was significantly higher (P < 0.05) in the lead-only group than
in the SGL-treated groups and control, and G6PDH differed significantly (P < 0.05) be-
tween the lead-only and SGL-treated groups. The lead-only and 100 mg/kg SGL groups
showed vacuolation and neuronal cells. Cognitive function, PFC histoarchitecture, and
Nissl staining improved in the 250 and 400 mg/kg SGL groups. These findings suggest
that higher doses of SGL extract can potentially ameliorate lead-induced PFC damage.
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1. INTRODUCTION

Lead (Pb) is a ubiquitous, soft, grey-blue, highly toxic heavy
metal that causes poisoning in humans and domestic animals,
with deleterious effects on various organs of the body [1]. Expo-
sure to Pb through the gastrointestinal, integumentary, and res-
piratory systems generates free-radical-induced oxidative stress,
which, in turn, elicits inflammatory responses [1]. These re-
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sponses lead to derangement of the antioxidant defense system
and alterations in body functions [2]. Several animal and human
studies have reported hematological [3] and neurological adverse
effects [4], as well as alterations in the antioxidant defense sys-
tem [5].
Lead induces neurological effects via apoptosis, excitotoxic-

ity, and oxidative stress, which damage cellular components of
the nervous system, including neurotransmitter storage and re-
lease processes [6]. However, Pb-induced neurological effects
such as cognitive impairment, behavioral disorders, learning de-
fects, and decreased intelligence quotient (IQ) are more common
in children than in adults [7]. This has been attributed to higher
absorption and ingestion rates in children than in adults and may
help explain the susceptibility of developing brains to toxicants
[7, 8].
Within the brain, Pb-induced neurotoxicity is common in areas

involved in higher functions such as reasoning, cognitive abili-
ties, behavior, and decision-making, activities largely associated
with the prefrontal cortex [9]. The prefrontal cortex (PFC) is the
anterior part of the frontal lobe of the brain [10] and has been im-
plicated in planning complex and higher-order cognitive behav-
ior, personality expression, decision-making, and moderation of
social behavior [11].
Complementary and alternativemedicines involving herbs and

medicinal plants are receiving considerable attention for theman-
agement of various ailments [12]. The efficacy of many medic-
inal plants used in such therapies has been established, and al-
most 80%of the global population depends on alternative therapy
[13]. Among medicinal plants employed in alternative medicine
is Syzygium guineense (Myrtaceae), which has been widely used
to treat infections, diabetes, hypertension, amenorrhoea, diar-
rhea, rheumatism, and mental disorders [14].
Syzygium guineense (Myrtaceae) is a flowering tree native to

sub-Saharan and Southern Africa [15]. In Mali, Senegal, and
Sierra Leone, a decoction of its leaves has been used in tradi-
tional medicine to treat wounds, ulcers, diarrhea, rheumatism,
and infections [15]. It also has reported antivenom, antihyper-
tensive, and antihyperglycaemic effects [16]. In the Benin Re-
public, S. guineense is used for the treatment of mental disor-
ders and amenorrhoea [17]. These diverse therapeutic uses and
effects have been attributed to documented flavonoids with an-
tioxidant, immunomodulatory, anti-inflammatory, antibacterial,
and antihypertensive activities [14]. Although the antibacterial,
antidiabetic, and wound-healing activities of this medicinal plant
have been extensively documented, there is a paucity of research
on its use in managing lead-induced neurotoxicity, and its pre-
sumed neuroprotective effects remain unexplored. Hence, this
study investigated the antioxidant and neuroprotective effects of
S. guineense in the PFC of Wistar rats exposed to lead.

2. MATERIALS AND METHODS
2.1. PLANT SOURCE
Fresh Syzygium guineense leaves were collected from Chaza,
Niger State, Nigeria, and authenticated at the Department
of Medicinal Plants Research and Traditional Medicine, Na-
tional Institute for Pharmaceutical Research and Development
(NIPRD), with voucher number NIPRD/H/6585.

Table 1. Phytochemical analysis of the powdered sample and methanolic ex-
tract of Syzygium guineense leaf.

Compound Powdered sample Plant extract
Tannins + +
Glycosides – –
Saponins + +
Terpenes – –
Sterols – –
Alkaloids + +
Flavonoids + +
Phenols + +
Resins + +
Carbohydrates + +

Note: +, present; –, absent.

2.1.1. Preparation of plant extract
Dried leaves of S. guineense were pulverized into a fine pow-
der using a grinding machine. A 400-g portion of the powdered
sample was used for extraction by maceration. The sample was
soaked in 2.4 L of methanol for 48 h with constant shaking using
an orbital shaker. The mixture was then filtered through What-
man filter paper.
The solvent from the total extract was distilled off, and the fil-

trate was evaporated and concentrated to a paste using a rotary
evaporator. The percentage yield of the extract was 27.5%, and
the weight yield was 110 g. A 5-g portion of the methanolic plant
extract was dissolved in 125 mL of water, yielding a concentra-
tion of 40 mg/mL.

2.2. ANIMALS
Twenty-five male Wistar rats weighing 60–80 g were obtained
from a Veterinary Institute in Plateau State, Nigeria. The use
of these rats for research was approved by the Bingham Univer-
sity Animal House in the Department of Anatomy in accordance
with institutional ethics approval (AREC/UB/038/23). The rats
were acclimatized for 2 weeks and had access to animal feed and
cleanwater supplied by theUniversity Animal House. Theywere
maintained under standard conditions at room temperature (25–
27 ◦C) and a 12-h light–dark cycle.

2.3. EXPERIMENTAL DESIGN: GROUPING AND DOSING
Twenty-five Wistar rats weighing 60–80 g were randomly as-
signed to five groups, with five rats per group:

� Group 1 (control): 0.5 mL of distilled water daily.

� Group 2: 5 mg/kg body weight of lead acetate only.

� Group 3: 5 mg/kg body weight of lead acetate and
100 mg/kg body weight of extract (low dose, LD).

� Group 4: 5 mg/kg body weight of lead acetate and
250 mg/kg body weight of extract (middle dose, MD).

� Group 5: 5 mg/kg body weight of lead acetate and
400 mg/kg body weight of extract (high dose, HD).
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Table 2. Body weight of Wistar rats before and after the experiment.
Group Initial mean weight (g), mean ± SEM Final mean weight (g), mean ± SEM
1 (Control) 70± 5.41 106± 6.42
2 (Lead only) 74± 2.48 90± 4.07∗

3 (Lead + LD) 74± 4.94 98± 6.04∗

4 (Lead + MD) 68± 5.95 86± 6.42∗

5 (Lead + HD) 74± 2.48 90± 4.35∗

SEM, standard error of the mean; LD, low dose of extract (100 mg/kg body weight); MD, middle dose of extract
(250 mg/kg body weight); HD, high dose of extract (400 mg/kg body weight). ∗Significantly different from the control
group at P < 0.05.

Figure 1. Photomicrographs of prefrontal cortex sections stained with hematoxylin and eosin (H&E): (a) control group; (b) lead-only group; (c) lead +
100 mg/kg extract group; (d) lead + 250 mg/kg extract group; and (e) lead + 400 mg/kg extract group. Single-ended arrows indicate pyramidal neurons;
double-ended arrows indicate vacuolations; zig-zag arrows indicate glial cells. Magnification: ×100.

Table 3. Effects of leaf extract on spontaneous alternation performance.
Group Spontaneous alternation

performance, mean ± SEM
1 (Control) 80± 1.30
2 (Lead only) 56± 2.43∗

3 (Lead + LD) 59± 2.14
4 (Lead + MD) 68± 2.26∗∗

5 (Lead + HD) 75± 1.60∗∗

SEM, standard error of the mean; LD, low dose of ex-
tract (100 mg/kg body weight); MD, middle dose of ex-
tract (250 mg/kg body weight); HD, high dose of extract
(400 mg/kg body weight). ∗Significantly different from the
control group at P < 0.05. ∗∗Significantly different from the
lead-only group at P < 0.05.

2.3.1. Route of administration, schedule, and volume

Neurotoxicity was induced by oral administration of lead acetate
for 28 days, following the methodology described in Ref. [18].
Subsequently, the extract was administered orally once daily for
two weeks, with the dose volume adjusted according to the body

weight of each animal.

2.4. BEHAVIORAL STUDIES FOR COGNITIVE FUNCTIONS
Working memory and exploratory behavior were assessed using
the Y-maze test, which measured spontaneous alternation perfor-
mance. The Y-maze apparatus consisted of three arms labeled A,
B, and C, each measuring 35 cm in length, 15 cm in height, and
10 cm in width and interconnected at 120-degree angles. Each
rat was placed in the center of the apparatus and allowed to move
freely for 5 min, during which the number of entries into each
arm was recorded using a video camera. Independent observers
documented the data from the computer system, counting one
entry each time the entire body of the rat entered a specific arm.
Spontaneous alternation performance (SAP) was analyzed ac-
cording to themethod described by Typlt et al. [19]. A successful
alternation occurred when an animal visited three different arms
(A, B, and C) in succession.

SAP (%) =
Number of alternations× 100

Total arm entries− 2
. (1)

The number of alternations was the number of sequences in
which the animal entered all three arms (A, B, and C) in succes-
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Table 4. LDH, G6PDH, and MDA levels in the experimental groups (mean ± SEM).
Group LDH (IU/L) G6PDH (IU/L) MDA (µmol/L)
1 (Control) 1326.0± 35.13 1092.0± 77.22 30.5± 0.31
2 (Lead only) 1321.0± 25.61 1013.5± 25.62∗ 39.0± 2.24∗

3 (Lead + LD) 1314.5± 3.78 1177.0± 1.83∗∗ 30.5± 1.12∗∗

4 (Lead + MD) 1323.5± 4.09 1124.0± 24.50∗∗ 33.5± 0.31
5 (Lead + HD) 1320.5± 25.21 1186.0± 16.94∗∗ 28.5± 2.35∗∗

SEM, standard error of the mean; LDH, lactate dehydrogenase; G6PDH, glucose-6-phosphate dehydrogenase; MDA,
malondialdehyde; LD, low dose of extract (100 mg/kg body weight); MD, middle dose of extract (250 mg/kg body
weight); HD, high dose of extract (400 mg/kg body weight). ∗Significantly different from the control group at P < 0.05.
∗∗Significantly different from the lead-only group at P < 0.05.

Figure 2. Photomicrographs of prefrontal cortex sections stained with Nissl stain: (a) control group; (b) lead-only group; (c) lead + 100 mg/kg extract group;
(d) lead + 250 mg/kg extract group; and (e) lead + 400 mg/kg extract group. Single-ended arrows indicate pyramidal neurons; double-ended arrows indicate
vacuolations. Magnification: ×100.

sion. Total arm entries was the absolute number of entries into
any arm regardless of sequence. Subtracting two accounts for the
fact that the first two arm entries of a session cannot form a valid
three-arm sequence.

2.5. EUTHANASIA PROCEDURE AND BRAIN HISTOLOGICAL
STUDY

Twenty-four hours after the last administration, the experimen-
tal animals were euthanized using isoflurane in a closed con-
tainer. The animals were observed until breathing ceased and
were humanely euthanized according to UB-AREC-approved
guidelines. Tissue samples were collected for biochemical anal-
yses.
Histological analysis of the PFC was performed using H&E

and Cresyl Fast Violet (CFV; Nissl) stains. Sections of the PFC
were obtained for histological assessment following lead expo-
sure and treatment with the plant extract. Brain tissues were pro-
cessed according to standard light-microscopy protocols. Serial
3-µm sections were cut using a rotary microtome (Leica 1900)
and stained with H&E and CFV. The slides were mounted in
DPX. Photomicrographs were taken at ×100 magnification.

2.6. TISSUE PROCESSING FOR BIOCHEMICAL STUDIES

Sections of the PFC were homogenized with 5% sucrose solu-
tion using a tissue homogenizer. The tissue homogenates were
assayed as described below.

2.6.1. Malondialdehyde

Malondialdehyde (MDA) levels in tissues were measured ac-
cording to the protocol outlined by Stocks and Dormandy [20].

2.6.2. Glucose-6-phosphate dehydrogenase

Glucose-6-phosphate dehydrogenase (G6PDH) activity in the
homogenate was measured using the method of Adem and Ciftci
[21].

2.6.3. Lactate dehydrogenase

Lactate dehydrogenase (LDH) activity in the homogenate was
measured according to the method of Shahriari et al. [22].

2.7. PHYTOCHEMICAL ANALYSIS
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2.7.1. Tests for tannins, alkaloids, flavonoids, saponins,
glycosides, and carbohydrates

Tests for these phytochemical constituents were carried out using
methods described by Balamurugan et al. [23].

2.7.2. Test for phenols
The test for phenols was carried out according to the method of
Yadav and Agarwala [24].

2.7.3. Tests for terpenes and sterols
The tests for terpenes and sterols were carried out using methods
described by Balamurugan et al. [23].

2.7.4. Test for resins
The test for resins was carried out using the method described by
Santhi and Sengottuvel [25].

2.8. STATISTICAL ANALYSIS
Data were statistically evaluated using one-way analysis of vari-
ance (ANOVA), followed by Tukey’s multiple-comparison test
in SPSS version 17.0 (SPSS Inc., Chicago, USA), and are ex-
pressed as mean ± standard error of the mean (SEM). A value
of P < 0.05 was considered statistically significant. Pairwise
comparisons comprised group 1 vs group 2; group 2 vs groups
3, 4, and 5; group 3 vs groups 4 and 5; and group 4 vs group 5.

3. RESULTS
3.1. PHYTOCHEMICAL ANALYSIS
Table 1 presents the phytochemical analysis of the powdered
sample and methanolic extract of S. guineense leaf. The results
show the active components detected in the powdered sample and
plant extract. No difference was observed in the detected com-
ponents before and after methanol extraction, indicating that the
extraction solvent did not alter the qualitative phytochemical pro-
file assessed in this study.

3.2. EFFECTS OF LEAD AND SYZYGIUM GUINEENSE LEAF
EXTRACT ON BODY WEIGHT

There was no statistically significant difference in body weight
between the SGL-treated groups and the lead-only group. How-
ever, all treated groups showed a significant reduction in final
body weight compared with the control group (Table 2).

3.3. EFFECTS OF LEAD AND SYZYGIUM GUINEENSE LEAF
EXTRACT ON SPONTANEOUS ALTERNATION
PERFORMANCE

Table 3 shows a significant decrease in spontaneous alternation
performance in group 2 (lead only) compared with the control
group (group 1). Notably, spontaneous alternation performance
was significantly higher in groups 4 (lead + MD) and 5 (lead +
HD) than in group 2 (lead only).

3.4. EFFECTS OF LEAD AND SYZYGIUM GUINEENSE LEAF
EXTRACT ON BIOMARKERS

Compared with the control, the lead-only group showed a sig-
nificant increase in MDA and a significant decrease in G6PDH.
MDA was significantly lower in the low- and high-dose SGL

groups than in the lead-only group, whereas the reduction in the
middle-dose group was not statistically significant. G6PDH was
significantly higher in all SGL-treated groups than in the lead-
only group. There were no significant differences in LDH levels
among the groups (Table 4).

3.5. HISTOLOGICAL STUDIES
3.5.1. H&E staining of pyramidal neurons
Figure 1(b) reveals cytoplasmic vacuolations and degenerating
pyramidal neurons in the lead-treated group compared with the
control group (Figure 1(a)). These findings show that lead ac-
etate caused histomorphological distortions in neuronal cells of
the PFC. The distortions were not ameliorated in group 3 treated
with 100 mg/kg (low dose) of SGL (Figure 1(c)), which showed
some vacuolated pyramidal neuronal cells. However, group 4
(lead + 250 mg/kg extract) and group 5 (lead + 400 mg/kg ex-
tract) showed fewer vacuolated pyramidal cells and more normal
neuronal cells.

3.5.2. Nissl staining of pyramidal neurons
The Nissl-stained sections of the PFC are shown in Figure 2. The
control group stained more densely, revealing the Nissl bodies
of pyramidal neurons, than group 2 (lead only), which stained
poorly. Pale-staining pyramidal PFC sections were observed in
group 3 (lead + 100mg/kg extract) and group 4 (lead + 250mg/kg
extract). The PFC section in group 5 (lead + 400 mg/kg extract)
showed densely stained pyramidal neurons similar to those in the
control group.

4. DISCUSSION
Lead is highly toxic and has been documented to disrupt neuro-
logical, biochemical, physiological, and cognitive functions [26].
Lipid peroxidation is a well-known mechanism of cellular dam-
age in plants and animals and serves as an indicator of oxidative
stress in cells and tissues. Lipid peroxidation of polyunsaturated
fatty acids generates unstable products that break down to form a
complex array of compounds, including reactive carbonyl com-
pounds, of which malondialdehyde (MDA) is among the most
abundant. Consequently, MDA is commonly measured as an in-
dicator of lipid peroxidation [27] and as an index of the degree of
oxidative damage to cellular structures [27]. The present study
showed that the lead-only group had elevated MDA levels com-
pared with the control group.

An increase in MDA levels indicates ongoing lipid peroxida-
tion resulting from excessive free-radical production. The effect
of lead on brain tissue observed in this study is consistent with
previous reports [28, 29].

Increased oxidative stress in the PFC has also been associated
with cognitive impairment [30]. Cognitive function was assessed
using a spontaneous alternation performance test, and poorer per-
formance was observed in the lead-only group than in the treated
groups. This finding is consistent with the elevated PFC MDA
level and associated cognitive deficits observed in these animals.
Syzygium guineense reduced the elevatedMDA levels at all doses
tested, but the reduction relative to the lead-only group was sig-
nificant only at the low (100 mg/kg) and high (400 mg/kg) doses.
At the middle dose, a lower mean MDA value was observed, al-
though it was not significantly different from the lead-only group
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or the control group. These findings suggest that the extract al-
leviated oxidative tissue injury caused by lead in the PFC. The
high dose of the extract had a positive effect on oxidative stress,
significantly reducing the MDA level in group 5 compared with
the lead-only group. Similarly, the group treated with the high
dose of the extract showed a significant improvement in cogni-
tive function. This finding is consistent with the study by Feudjio
et al. [31], which reported an acute median lethal dose (LD50)
exceeding 2000 mg/kg body weight for S. guineense bark extract
and assessed its safety in acute and subchronic toxicity studies in
rats.
LDH levels in all groups treated with S. guineense were sim-

ilar to those in the lead-only group, with no significant differ-
ences among the groups; however, the mean LDH level was
slightly lower in the high-dose SGL group. This indicates that
S. guineense extract had little or no effect on LDH levels in the
PFC under the conditions of this study. The slightly lower LDH
level observed in the high-dose group may have been associated
with the attenuation of lead-induced PFC tissue damage observed
in this study. Studies have reported an association between high
LDH levels and tissue or organ damage [32].
A decrease in glucose-6-phosphate dehydrogenase (G6PDH)

level was observed in the lead-only group compared with the
control group. This decrease could suggest suppression of an-
tioxidant G6PDH activity. Lead has also been shown to suppress
blood levels of antioxidant enzymes. G6PDH levels in group
3 (lead + low dose), group 4 (lead + middle dose), and group
5 (lead + high dose) were higher than those in group 2 (lead
only). This may indicate that the extract has the potential to ele-
vate G6PDH enzyme activity and, in turn, prevent tissue injury.
This finding also suggests that lead suppressed G6PDH levels in
the PFC, thereby contributing to the tissue alterations observed
in this study. G6PDH is a cytoplasmic enzyme that plays a pro-
tective role during oxidative stress and provides coenzymes and
substrates to primary antioxidant enzymes [27].
The histological morphology in the H&E-stained section of

the group treated only with lead acetate (group 2) showed pyra-
midal cells with cytoplasmic vacuolations. These distortions in
pyramidal cells, together with light staining, suggest cell injury.
This result is similar to that reported by Bauchi et al. [33].
Whereas Bauchi et al. [33] observed several vacuolations and
pyknosis in cortical neurons at a dose of 60 mg/kg lead acetate,
the present study showed lead-induced toxicity at 5 mg/kg lead
acetate.
Wang et al. [5] observed by transmission electron microscopy

that lead acetate produced prominent tissue damage character-
ized by nuclear membrane fragmentation, mitochondrial destruc-
tion, rough endoplasmic reticulum dilation, and capillary lumen
narrowing. The group administered lead + low-dose (100mg/kg)
SGL extract showed more densely stained pyramidal cells and
nuclei than the lead-only group, although vacuolations persisted.
This suggests a limited effect of the extract on lead-induced
damage in the PFC at this dose. Group 4 (lead + middle-dose
SGL) showed the densest staining among the treated groups and
showed normal cells and pyramidal neurons similar to those
in the control group. This suggests that at a dose higher than
100 mg/kg, S. guineense may ameliorate the effects of lead-
induced toxicity. Group 5 (lead + high dose) showed PFC tissue

with fewer vacuolations and more pyramidal neurons.
Similarly, Nissl staining revealed vacuolated and poorly

stained Nissl bodies of pyramidal cells in group 2 (lead only).
This finding suggests chromatolysis, a process triggered by ax-
otomy, ischemia, cellular toxicity, and cell exhaustion. Chro-
matolysis is characterized by dissolution of Nissl bodies in the
neuronal cell body and an eccentrically displaced nucleus [34].
Chromatolysis in the PFC in this study was associated with in-
duction of reactive oxygen species (ROS), as indicated by a sig-
nificantly increased MDA level, which was used as an oxidative-
stress marker. Group 3 (lead + 100 mg/kg) also showed weak
staining with a few cytoplasmic vacuolations, whereas the group
administered lead + 250 mg/kg showed improved Nissl-body
staining with a few cytoplasmic vacuolations. The group treated
with lead + 400mg/kg extract showed numerous, densely stained
pyramidal neurons similar to the control group. The increase in
Nissl bodies indicates that pyramidal neurons were preserved at
the higher dose of SGL extract. Studies have shown that neu-
ronal recovery through regeneration can occur after chromatoly-
sis [34, 35].

5. CONCLUSION
This study demonstrates that lead acetate has a deleterious effect
on the PFC of Wistar rats, generating free radicals and distorting
its histomorphology. However, administration of S. guineense
showed the ability to significantly reduce the generation of these
free radicals and showed potential to alleviate the distorted his-
toarchitecture of the PFC at higher doses.

5.1. LIMITATIONS
Although an extract-only group would provide an ideal positive
neuroprotective baseline, strict regulatory caps on animal num-
bers precluded its inclusion. The current design instead evaluates
the extract’s efficacy directly against the lead-exposed groups.
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