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ABSTRACT

Diabetes mellitus and mercury toxicity are associated with oxidative stress and neuronal degeneration, particularly
in the hippocampus. The study assessed histological and immunohistochemical effects of ethanol leaf extract of
Chromolaena odorata on the hippocampus of alloxan-induced diabetic Wistar albino rats exposed to mercuric
chloride. Thirty-six adult Wistar rats were randomly assigned to six groups. Diabetes was induced using alloxan
monohydrate (150mg/kg), while mercury toxicity was induced using mercuric chloride (3mg/kg). Treatment
groups received graded doses of Chromolaena odorata extract at 200, 400, and 600 mg/kg and metformin
(standard drug). Biochemical assays for oxidative stress markers, including malondialdehyde, superoxide
dismutase, glutathione peroxidase, histological evaluation, and immunohistochemical analyses (GFAP and p53)
were carried out. Significant elevation in malondialdehyde level (910.59432.73) and reduction in antioxidant
enzymes (SOD: 21.04+2.30; GPx: 37.78+6.20) were observed in untreated diabetic rats exposed to mercury
compared to controls. Treatment with Chromolaena odorata extract significantly reduced MDA level and restored
antioxidant enzyme activity. Histological findings showed neuronal degeneration in CA1, CA3, and dentate gyrus
regions in untreated rats, while treated groups showed preserved neuronal architecture. Immunohistochemistry
revealed increased GFAP and p53 expression in untreated groups, which were reduced following treatment.
Ethanol leaf extract of Chromolaena odorata exhibits significant neuroprotective and antioxidant effects against
diabetes and mercury-induced hippocampal damage.

Keywords: Chromolaena odorata, hippocampus, diabetes mellitus, mercuric chloride, GFAP, p53, oxidative
stress

nerves, and the brain. Sustained hyperglycemia
promotes oxidative stress, inflammatory responses,
and metabolic imbalance, which contribute to
progressive tissue injury and dysfunction . Increasing
evidence suggests that diabetes-related complications
extend beyond peripheral organs to the central
nervous system, where it is associated with cognitive
decline, structural brain abnormalities, and increased
susceptibility to neurodegenerative disorders *.

INTRODUCTION

A chronic metabolic disorder such as diabetes mellitus
(DM) is characterized by a persistent high blood
glucose level, which results from impaired insulin
secretion, defective insulin action, or both
mechanisms occurring simultaneously '. It is a global
health challenge affecting populations in both
developed and developing nations. The prevalence of
diabetes mellitus has increased significantly in recent
decades due to urbanization, reduced physical
exercise, aging populations, and unhealthy dietary
habits. Approximately 537 million adults were living

Alloxan is a toxic glucose analogue and among the
commonly employed diabetogenic agents. It is
capable of destroying f-cells in the pancreas

with diabetes globally, with projections indicating a
substantial increase in future years 2.

Chronic diabetes is associated with several
complications involving multiple organs: the
cardiovascular system, kidneys, retina, peripheral
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selectively through reactive oxygen species-mediated
mechanisms, thereby causing insulin deficiency and
persistent hyperglycemia °. Experimental studies
using alloxan-induced diabetic models have provided
useful information regarding the biochemical,
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metabolic, and  histopathological  alterations
associated with diabetes and to evaluate potential
therapeutic interventions.

Oxidative stress results when there is an imbalance in
the generation of reactive oxygen species (ROS) and
antioxidant defense level in the body °. In diabetes,
chronic hyperglycemia enhances ROS production
through glucose autoxidation, dysfunction of the
mitochondrial and polyol pathway activation 7.

The brain is particularly susceptible to oxidative
damage due to its high oxygen demand, abundant
lipids, and relatively poor antioxidant defense system.
The hippocampus is specifically vulnerable to
oxidative injury. This structure plays important roles
in learning, memory processing, and emotional
regulation . Consequently, structural or functional
impairment of the hippocampus may result in memory
deficits and cognitive dysfunction observed in several
neurological disorders.

Apart from metabolic disturbances, environmental
toxicants have also contributed to the development of
neurotoxicity. Mercury, a toxic heavy metal, is widely
distributed through natural and environmental
activities such as mining operations, industrial
emissions, and improper disposal of wastes °.
Inorganic mercury compounds induce oxidative
stress, inflammatory responses, mitochondrial
dysfunction, and neuronal degeneration . Following
exposure, mercury may cross the blood-brain barrier
and accumulate within neural tissues, interfere with
cellular metabolism, and promote neurotoxicity. The
hippocampus region is particularly vulnerable to
mercury-induced damage due to its high metabolic
activities and sensitivity to oxidative injury, !!.

Experimental evidence has demonstrated that chronic
exposure to inorganic mercury may impair learning
and memory and produce biochemical and structural
alterations within the hippocampus '°. Previous
studies reported that oxidative stress, disruption of
calcium homeostasis, and impairment of endogenous
antioxidant defense mechanisms are associated with
mercury-induced neurotoxicity.

Interest in medicinal plants as potential therapeutic
agents for diabetes and its complications has increased
considerably in recent years. Herbal remedies remain
widely utilized in many parts of the world because of
their accessibility, affordability, and long-term use in
traditional medicine. Traditional medicine plays an
important role in healthcare delivery globally 2.

Chromolaena odorata (Siam weed), of the family of
Asteraceae, distributed across tropical and subtropical
regions, is traditionally used in the management of
wounds, infections, inflammation, and metabolic

disorders !3. The plant contains several bioactive
constituents,  including  flavonoids,  phenolic
compounds, terpenoids, and alkaloids known for
antioxidant and neuroprotective activities 4.

Bioactive flavonoids such as quercetin, luteolin, and
kaempferol possess free radical scavenging
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properties, which may enhance

antioxidant enzyme activity.

endogenous

Previous investigations reported antidiabetic,
antimicrobial, anti-inflammatory, and
hepatoprotective ~ properties of  Chromolaena
odorata'. However, its neuroprotective potential
under conditions involving both diabetes and
mercury-induced neurotoxicity remains inadequately
explored. Therefore, the study investigated
histological and immunohistochemical effects of
chromolaena odorata ethanol leaf extract on the
hippocampus of alloxan-induced diabetic Wistar
albino rats exposed to mercuric chloride.

MATERIALS AND METHODS
Experimental animals

The thirty-six adult Wistar albino rats aged 12-16
weeks, weighing 200 g, were purchased from the
animal house of the department of Anatomy, Ebonyi
State University, Abakaliki.

The animals were housed in the wire-gauze plastic
cages with sawdust bedding, and maintained under
standard laboratory and environmental conditions
with a natural 12:12 hours light and dark cycle. The
rats were fed with standard grower’s mash and water
ad libitum. They were acclimatized for one week.

The choice of using male rats was to eliminate
hormonal fluctuations associated with the estrous
cycle in female rats, which may influence
biochemical, histological, and immunohistochemical
outcomes.

Chemical and reagents

The chemicals and reagents used in the study were of
analytical grade. Alloxan monohydrate and mercuric
chloride were obtained from Zayo-Sigma Chemicals
Ltd., Jos, Nigeria (a partner distributor of Sigma-
Aldrich Chemical Company.
Biochemical assay kits were obtained from Randox
Laboratories Ltd, Atlas Medical Diagnostics Ltd, and
Agappe Diagnostics Switzerland. Metformin was
purchased from Octovia Pharmacy in Abakaliki,
Ebonyi State. Alloxan (150 mg/kg) and mercury
chloride (3 mg/kg/day) solutions were freshly
prepared in normal saline, respectively.

Ethical consideration

The procedures adopted in the study were in
accordance with the guidelines for laboratory animal
care and the Institutional Animal Care and Use
Committee (IACUC). Ethical approval was procured
from the Research and Ethics Committee of the
Faculty of Basic Medical Sciences, Ebonyi State
University, with Ethical Code: MPC/2502/30/013.

Plant identification and extraction

Fresh leaves of Chromolaena odorata were collected
in the Ebonyi State University Premises at the Presco
Campus. The leaves were identified by Professor C.
V. Nnamani (a qualified taxonomist) in the
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University's herbarium. The leaves were washed with
distilled water, defoliated, and shade-dried for 10 days
to prevent degradation of heat-Labile constituents.
The dried leaves were ground into powder form using
a mortar and pestle. One hundred grams of the powder
form was soaked in a liter of 70% ethanol for 72 hours
with vigorous shaking to ensure efficient extraction.

The mixture was filtered with a filter paper, and the
ethanol evaporated, leaving behind the extract that
was used for the study, followed by further drying in
a water bath to remove residual solvent. The dried
extract, hereafter referred to as extract (COLE), was
stored in the refrigerator at 4°C. During
administration, the extract was reconstituted in
distilled water and given to experimental animals
according to their individual body weights and
assigned dose groups such that the maximum volume
administered to each rat did not exceed 0.5 ml.

Experimental design

A randomized controlled experimental design was
used. After a week of acclimatization, the animals
were weighed and randomly separated into six (6)
groups of six (6) animals each, as seen in Table 1.
Induction of diabetes in groups B-F using a single
intraperitoneal injection of 150 mg/kg of alloxan
monohydrate. Blood samples collected from the tail
vein after 72 hours of alloxan administration were
used to measure fasting blood glucose levels by the
use of glucometer. The animals with fasting blood
glucose of 200 mg/dL and above were considered
diabetic.

Mercury toxicity was induced using intraperitoneal
injection of 3 mg/kg of mercuric chloride for 14 days.
Treatment with Chromolaena odorata extract and
metformin commenced on the third day of mercuric
chloride administration and continued for 14 days.

Normal control (group A) received 0.1ml of normal
saline (0.9% NaCl) orally for 28 days.
Group B (diabetic rats exposed to inorganic mercury)
received a single intraperitoneal (IP) injection of 150
mg/kg of alloxan monohydrate dissolved in normal
saline to induce type 1 diabetes mellitus, followed by
administration of 3 mg/kg of mercuric chloride.
Group C (COLE-200) (diabetic rats exposed to
inorganic mercury) received a single intraperitoneal
(IP) injection of 150 mg/kg of alloxan monohydrate,
followed by administration of 3 mg/kg body weight
mercuric chloride, and subsequently treated with 200
mg/kg of Chromolaena odorata leaf extract (COLE)
for 14 days (low dose).
Group D (COLE-400); (diabetic rats exposed to
inorganic mercury) received a single intraperitoneal
(IP) injection of 150 mg/kg of alloxan monohydrate,
followed by administration of 3 mg/kg of mercuric
chloride, and subsequently treated with 400 mg/kg of
Chromolaena odorata leaf extract (COLE) for 14 days
(medium dose).
Group E (COLE-600); (diabetic rats exposed to
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inorganic mercury) received a single intraperitoneal
(IP) injection of 150 mg/kg of alloxan monohydrate,
followed by administration of 3 mg/kg of mercuric
chloride, and subsequently treated orally with 600
mg/kg of Chromolaena odorata leaf extract (COLE)
for 14 days (high dose).
Group F (Metformin), diabetic and mercury-exposed
rats treated with metformin hydrochloride at 500
mg/kg for 14 days (standard drug). The extract doses
were adopted and modified from '¢, while the
metformin ~ dose  was  based on 17,
The selected doses of Chromolaena odorata extract
were based on previous studies that demonstrated the
safety and therapeutic efficacy of the extract within
the administered dose range.

Table 1: Experimental grouping and treatment
protocol

Groups Alloxan Mercury Treatment
Chloride (Day15-28)
(Day12-25)

Control No Distilled

water

Diabetic + Mercury ~ Yes No treatment

Toxicity

Diabetic + Mercury ~ Yes Low dose

+ C. odorata (Low extract

dose)

Diabetic + Mercury ~ Yes Medium dose

+ C. odorata extract

(Medium dose)

Diabetic + Mercury ~ Yes High dose

+ C. odorata (High extract

dose)

Diabetic + Mercury ~ Yes Metformin

+ Standard drug

Histological processing

The brain tissues were fixed in neutral buffered
formalin for histological processing. The fixed tissues
were dehydrated in graded ethanol solutions, cleared
in xylene, embedded in paraffin wax, and sectioned at
5 um using a rotary microtome. The sections were
mounted onto positively charged slides, stained with
Hematoxylin and Eosin (H&E), and examined
microscopically to evaluate the hippocampal
histoarchitecture '3. Photomicrographs were obtained
using an Amscope research microscope at the
Biotechnology Research Center, Ebonyi State
University, Abakaliki.
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Immunohistochemistry

The Immunohistochemical staining for GFAP and p53
was performed using the avidin-biotin peroxidase
technique. The embedded sections cut at 4 um thick
were mounted on positively charged slides,
deparaffinized, and rehydrated through descending
grades of ethanol. The antigen retrieval was
performed in citrate buffer at pH 6.0 using microwave
heating. Endogenous peroxidase activity was blocked
with 3% hydrogen peroxide, while nonspecific
binding was prevented using normal goat serum. The
sections were incubated in primary antibodies against
GFAP (1:100) and p53 (1:80) and biotinylated goat
anti-rabbit secondary antibodies. Visualization was
done using diaminobenzidine (DAB) chromogen, and
the slides were counterstained with Mayer’s
hematoxylin. Positive immunoreactivity.

Biochemical assays

Lipid peroxidation was assessed by measuring
malondialdehyde (MDA), while antioxidant enzyme
activities such as superoxide dismutase (SOD) and
glutathione peroxidase (GPx) were determined using
standard spectrophotometric methods.

Morphometric analysis

From each group, six non-overlapping high-power
fields at a magnification of %400 from the
immunohistochemically-stained sections of GFAP
and p53 were morphometrically analyzed using Image
J analyzer software. The percentage areca of GFAP
staining and the number of p53-positive cells
(pyramidal cell layer) were calculated and quantified
from non-overlapping high-power fields.

Statistical analysis

The raw data obtained were analyzed using one-way
analysis of variance (ANOVA) and Tukey post-hoc
multiple comparison test using Statistical Package for
Social Sciences (SPSS) version 25. Differences were
considered statistically significant at 0.05. The data
were expressed as Mean = SEM.

RESULTS

Oxidative stress markers in hippocampal tissue
Malondialdehyde levels are presented in Table 2 and
Figure 1. Group B recorded a significant increase in
malondialdehyde (MDA) level compared to the
normal control. Treatment with ethanol extract of
Chromolaena odorata significantly reduced the MDA
levels in groups C, D, and E respectively, compared to
group B. Group F showed comparable reductions in
MDA levels approaching the values observed in the
normal control group.

Superoxide Dismutase (SOD)levels are presented in
Table 2 and Figure 2. Superoxide Dismutase activity
significantly decreased in group B with p < 0.05
compared to the normal control group. However,
Treatment with Chromolaena odorata extract
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significantly increased SOD activity in groups C, D,
and E respectively. Group F also showed
improvement in SOD levels. The increase in SOD
level indicated restoration of antioxidant defense close
to the normal control group.

Glutathione Peroxidase (GPx) levels are presented in
Table 2 and Figure 3. The result showed a significant
decrease inGPx activity in Group B with p < 0.05
compared to the normal control group. Treatment with
ethanol leaf extract of Chromolaena odorata
significantly increased GPx activity in groups C, D,
and E respectively. Groups F demonstrated increases
in GPx levels.

Effect of Chromolaena odorata on hippocampal
histoarchitecture

The normal control showed the Cornu Ammonis (CA)
with its different sub-regions and the dentate gyrus
(DG). Each sub-region of CA1 and CA3 presented
three layers: the polymorphic layer (POL), which
contains glial cell nuclei, the pyramidal cell layer
(PCL), which encloses pyramidal cells that appeared
small and compacted in CA1l and large and loosely
packed in CA3, and the molecular layer (ML), which
contains glial cells and apical dendrites of the
pyramidal cells. There was scanty cytoplasm and
large, rounded nuclei with prominent nucleoli in the
pyramidal cells of the pyramidal cell layer, stratum
lucidum, which forms a narrow zone, was seen only in
CA3. The molecular, granule cell (GCL), and
polymorphic layers of the dentate gyrus were present.
Alveus, and the hippocampal sulcus which separates
the Cornu Ammonis from the DG were also seen. (b):
showed three layers of CAl in high magnification of
the boxed area in the inset; POL displayed deeply-
stained (ds) and lightly-stained (Is) glial nuclei, PCL
has pyramidal cells with large, rounded vesicular
nuclei and prominent nucleoli. ML revealed ds and Is
glial nuclei and blood vessels. (¢): showed the wing of
the three layers of CA3 in high magnification of the
boxed area in the inset. POL displays Is and ds glial
cell nuclei. The Stratum Lucidum layer is seen. There
were pyramidal cells with large, rounded nuclei and
scanty cytoplasm in PCL. Perineural glial cells and
apical dendrite (bifid arrow) were also noticed.
Molecular layer exhibits Is and ds nuclei of glial cells.

The untreated diabetic group showed disruption of the
layers in CA1 and CA3. POL displayed deeply stained
glial cell nuclei and dilated blood vessels. Presence of
shrunken pyramidal cells with deeply stained
elongated nuclei in PCL. Perineural glial cells were
seen around the degenerated pyramidal cells. Many
deeply and lightly stained glial cell nuclei in the ML.
In addition, CA3 displayed disrupted fibers of SL.
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Table 2: Malondialdehyde, superoxide dismutase, and glutathione peroxidase levels

Group MDA (nmol/mg SOD (U/mg Protein) GPx (U/mgProtein)
Protein)

Control 478.62 + 13.08 33.60 +2.70 60.85+2.19

Untreated diabetic 910.59 +32.73" 21.04 +2.30" 37.78 £ 6.20"

Extract 200 mg/kg(low  644.06 + 32.29™ 27.77 + 1.80™ 55.48 £ 2.28™

dose)

Extract 400 657.20 + 13.90 27.62 +3.02" 55.72 £2.70™

mg/kg(medium dose)

Extract 600 mg/kg(high  554.62 + 16.13% 32.18 £2.50" 60.21 £ 2.03"

dose)

Metformin 555.63 £ 17.14% 33.19+3.51% 61.22+6.21*

The data were analyzed using one-way ANOVA and the Tukey post-hoc multiple comparison test. The p-value at < 0.05 is
significant when compared to the normal control; # p value significant when compared to group B.

MDA Levels in Hippocampal Tissue

D

(o]

=]

=)
L

600 -

400

MDA (nmol/mg Protein) (Mean %= SD)

A B C D E F
Experimental Groups

Figure 1: Effect of Chromolaena odorata extract on malondialdehyde (MDA) level in treatment groups. The p-value at <
0.05 is significant when compared to the normal control; #p value significant when compared to group B. (A): Control, (B):
Alloxan + HgCL. (C): Alloxan + HgCl, +Chromolaena odorata extract (200 mg/kg), (D): Alloxan + HgCl. +Chromolaena
odorata extract (400 mg/kg), (E): Alloxan + HgCl. +Chromolaena odorata extract (600 mg/kg), and (F): Alloxan + HgClL, +
Metformin.
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SOD Activity in Hippocampal Tissue
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Figure 2: Effect of Chromolaena odorata extract on superoxide dismutase (SOD) level in treatment groups. The p-value at
< 0.05 is significant when compared to the control group; *p value significant when compared to group B. (A): Control, (B):
Alloxan + HgCl.. (C): Alloxan + HgCl, +Chromolaena odorata extract (200 mg/kg), (D): Alloxan + HgCl, +Chromolaena
odorata extract (400 mg/kg), (E): Alloxan + HgCl, +Chromolaena odorata extract (600 mg/kg), and (F): Alloxan + HgCl, +
Metformin.

GPx Activity in Hippocampal Tissue
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Figure 3: Effect of Chromolaena odorata extract on glutathione peroxidase (GPx) level in treatment groups. The p-value at
< 0.05 is significant when compared to the control group; *p value significant when compared to group B. (A): Control, (B):
Alloxan + HgCl. (C): Alloxan + HgCl. +Chromolaena odorata extract (200 mg/kg), (D): Alloxan + HgCl, +Chromolaena
odorata extract (400 mg/kg), (E): Alloxan + HgCl, +Chromolaena odorata extract (600 mg/kg), and (F): Alloxan + HgCl, +
Metformin.
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It showed all the sub-regions of the Cornu
Ammonis, DG, HS, and a dilated lateral ventricle
with the choroid plexus. (b): showed CAl with its
three layers in high magnification of the boxed area
in the inset: POL has deeply stained glial cell nuclei
and dilated blood vessels. There are deeply stained,
elongated nuclei (pn) in most cells of PCL; some
pyramidal cells have large, lightly stained normal
nuclei. Perineural glial cell nuclei can be observed
around the degenerated neurons (curved arrow). ML
revealed deeply and lightly stained nuclei. (c)High
magnification of the boxed area in the inset of CA3
showed the stratum lucidum with its disrupted
fibers. Most pyramidal cells were disturbed and
degenerated with shrunken, deeply stained,
elongated nuclei (curved arrow) with pericellular
vacuolation in the PCL. Scanty pyramidal cells with
large, lightly stained normal nuclei are seen, lightly
stained glial nuclei with wide pericellular space in
ML, while POL exhibits deeply stained nuclei of
glial cells.

The CA1 and CA3 of the extract-treated group C
exhibited deeply and lightly stained glial cell nuclei
with a wide pericellular halo in POL. (a): Most
pyramidal cells appeared normal, while a few cells
were degenerated with deeply shrunken, elongated
nuclei in PCL. There were deeply and lightly stained
glial cell nuclei with a wide pericellular space in
ML. (a): The paramedian section showed DG, CAl,
CA2, CA3, CA4 and HS. (b): High magnification of
the boxed area in the inset showed wing CA1 with
its layers; lightly stained nuclei with wide
pericellular haloes in POL. There are apparently
normal pyramidal cells and a few degenerated cells
with deeply stained, shrunken, elongated, and
pyknotic nuclei in the PCL. ML exhibited deep and
light-stained glial cell nuclei. (c): The high
magnification of the boxed area in the inset showed
CA3. Deeply stained nuclei with wide pericellular
spaces in CML. PCL reveals that most pyramidal
cells are apparently normal with lightly stained
cytoplasm, and a few cells degenerated, having
pyknotic nuclei with pericellular vacuolation.
Stratum lucidum appears slightly disturbed. There
was a slightly dilated blood vessel, ds and Is glial
cells nuclei in the polymorphic layer.

The Cornu Ammonis 1 and 3 of the extract-treated
group D showed deeply and lightly stained glial cell
nuclei with a wide pericellular halo alongside dilated
blood vessels in POL. (a): Apparently, normal
pyramidal cells together with a few cells
degenerated in PCL. ML revealed many glial cell
nuclei with a wide pericellular space. (a): the
paramedian section showed DG, CA1, CA2, CA3,
CA4 and HS. (b): High magnification of the boxed

area in the inset showed CAl; POL has deeply
stained nuclei with a wide pericellular space. There
were normal pyramidal cells with few degenerated
cells having deeply stained, shrunken, elongated
pyknotic nuclei with pericellular vacuolation in
PCL. ML has lightly stained and deeply stained glial
cell nuclei. (c): High magnification of the boxed area
in the inset showed CA3 and stratum lucidum.
lightly stained and deeply stained glial cell nuclei
with a wide pericellular space seen in ML. Most
pyramidal cells in PCL appeared normal, while a
few cells were degenerated, having pyknotic nuclei
with pericellular vacuolation. POL exhibits a blood
vessel with a perivascular space.

The CA1l and CA3 of the extract-treated group E
displayed normal POL, PCL contained apparently
normal pyramidal cells with large, rounded vesicular
nuclei and prominent nucleoli. Lightly stained and
darkly stained glial cells with little pericellular space
in ML. (a): the paramedian section showed DG,
CAl, CA2, CA3, CA4 and HS. (b): The high
magnification of the boxed area in the inset showed
CALl. PCL exhibited normal pyramidal cells with
large, rounded vesicular nuclei and prominent
nucleoli, while a few cells had dark shrunk nuclei
(arrow). There were lightly and darkly stained glial
cell nuclei with little pericellular spaces and blood
vessels in the molecular layer. (c): High
magnification of the boxed area in the inset showed
the layers of CA3; POL, PCL have normal
pyramidal cells with large, rounded vesicular nuclei
and prominent nucleoli, normal SL, and darkly
stained glial nuclei with apparently normal blood
vessels in ML.

The Cornu Ammonis 1 and 3 of the metformin-
treated group F displayed normal POL, apparently
normal pyramidal cells with large, rounded vesicular
nuclei and prominent nucleoli in PCL. ML showed
lightly stained and darkly stained glial cells with
little pericellular space. (a): the paramedian section
showed DG, CA1, CA2, CA3, CA4 and HS. (b):
high magnification of the boxed area in the inset
showed the three layers of CAl. PCL exhibited
normal pyramidal cells with large, rounded vesicular
nuclei and prominent nucleoli, with a few cells
having dark, shrunken nuclei. The molecular layer
has lightly and darkly stained glial cell nuclei with
few pericellular spaces and blood vessels. (¢): High
magnification of the boxed area in the inset showed
the layers of CA3; POL, PCL displays normal
pyramidal cells with large, rounded vesicular nuclei
and prominent nucleoli, normal SL and ML having
darkly stained glial nuclei with apparently normal
blood vessels.
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Figure 4: Photomicrographs of H&E-stained hippocampal sections in Control (A), Alloxan + HgCl, (B), Alloxan + HgCl. +
Chromolaena odorata extract 200 mg/kg (C), Alloxan + HgCl. + Chromolaena odorata extract 400 mg/kg (D), Alloxan +
HgCl, + Chromolaena odorata extract 600 mg/kg (E), and Alloxan + HgCl, + Metformin (F). The control group demonstrated
normal hippocampal cytoarchitecture with well-arranged pyramidal neurons. Group B showed marked neuronal degeneration
(pyknotic nuclei), disrupted neuronal arrangement, vacuolation, and gliosis, while treatment groups demonstrated varying
degrees of structural preservation.
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Figure 5: Photomicrographs of H&E-stained hippocampal CA1 region (high magnification, x400; scale bar = 50 um) in
Control (A), Alloxan + HgCl, (B), Alloxan + HgCl, + Chromolaena odorata extract 200 mg/kg (C), Alloxan + HgCl, +
Chromolaena odorata extract 400 mg/kg (D), Alloxan + HgCl, + Chromolaena odorata extract 600 mg/kg (E), and Alloxan
+ HgCl. + Metformin (F). Group B exhibited neuronal degeneration and cellular disorganization, whereas treatment groups
showed improved neuronal integrity.
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Figure 6: Photomicrographs of H&E-stained hippocampal sections of CA3 region (high magnification, x400; scale bar = 50

um) in Control (A), Alloxan + HgCl, (B), Diabetic + HgCl. + Chromolaena odorata extract 200 mg/kg (C), Alloxan + HgCl.
+ Chromolaena odorata extract 400 mg/kg (D), Alloxan + HgCl. + Chromolaena odorata extract 600 mg/kg (E), and Alloxan
+ HgClL + Metformin (F). Group B showed marked neuronal damage, while treatment groups demonstrated preservation of

hippocampal cytoarchitecture.

Effect of Chromolaena odorata on astrocyte
activation

The GFAP immunoreactivity of CA1 and CA3 of
normal control (a, b) showed astrocytes with thin
short processes among pyramidal cells, group B (c,
d) displayed many astrocytes with multiple thick
long arrows among the pyramidal cells, group C (e,
f) has some astrocytes with thin and thick processes
among the pyramidal cells, group D (g, h) revealed
astrocytes with thin ramified processes among
pyramidal cells, and groups E (i, j), and F presented
astrocytes with thin short processes among the
pyramidal cells.

Journal of Anatomical Sciences 2026 Volume 17 No. 2

Effect of Chromolaena odorata on p53 expression

The p53 Immunoreactivity of CA1 and CA3 of
normal control (a, b) showed negative reaction of
pyramidal cells, group B (c, d) presented strong
positive immunoreactivity in the cytoplasm of most
pyramidal cells, group C (e, f) demonstrated positive
reaction in the cytoplasm of some pyramidal cells,
group D (g, h) displayed positive immunoreactivity
(arrow) in the cytoplasm of few pyramidal cells, and
group E (i, j) showed negative reaction in most
pyramidal cells. Group F showed astrocytes with
thin, short processes among the pyramidal cells.
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Figure 7: Photomicrographs of GFAP-immunostained hippocampal sections showing astrocyte activation in the CA1 and
CA3 regions of Control (A), Diabetic + HgCl. (B), Diabetic + HgCL. + Chromolaena odorata extract 200 mg/kg (C), Diabetic
+ HgCl, + Chromolaena odorata extract 400 mg/kg (D), Diabetic + HgCl. + Chromolaena odorata extract 600 mg/kg (E)
(x400; scale bar = 50 um). Group A showed sparse GFAP-positive astrocytes with thin cytoplasmic processes, while group B
showed increased GFAP immunoreactivity and reactive gliosis, whereas treatment groups exhibited reduced astrocyte
activation in a dose-dependent manner.
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Figure 8: Photomicrographs of p53-immunostained hippocampal sections showing neuronal apoptosis in the CA1 and CA3
regions of Control (A), Diabetic + HgCl, (B), Diabetic + HgCl, + Chromolaena odorata extract 200 mg/kg (C), Diabetic +
HgCl. + Chromolaena odorata extract 400 mg/kg (D), Diabetic + HgCl, + Chromolaena odorata extract 600 mg/kg (E)(x400;
scale bar = 50 pm). Control showed negative or minimal p53 expression, while group B showed increased p53
immunoreactivity, whereas treatment groups exhibited reduced p53 expression in a dose-dependent manner.
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DISCUSSION

The marked elevation in malondialdehyde level
accompanied by decreased superoxide dismutase
and glutathione peroxidase activities in untreated
diabetic rats exposed to inorganic mercury indicates
severe oxidative stress and lipid peroxidation in the
hippocampal tissue. These findings suggest that
combined hyperglycemia and mercury toxicity
enhanced reactive oxygen species generation,
leading to oxidative neuronal injury. Similar
observations have been reported in previous studies
demonstrating that excessive ROS production
contributes to mitochondrial dysfunction, neuronal
membrane damage, and neurodegeneration in
diabetic and toxicological conditions 2,

The reduction in endogenous antioxidant enzymes
further indicates impairment of cellular antioxidant
defense mechanisms, thereby increasing tissue
susceptibility to oxidative injury. Antioxidant
enzymes play important roles in detoxifying reactive
oxygen species, and their depletion predisposes
tissues to oxidative damage 2. Previous
investigations have similarly shown that chronic
hyperglycemia suppresses antioxidant enzyme
activity and promotes neuronal degeneration in the
hippocampus 222,

The administration of Chromolaena odorata extract
significantly reduced MDA levels while improving
SOD and GPx activities across the treated groups.
This suggests that the extract possesses potent
antioxidant activity capable of restoring cellular
redox balance and limiting oxidative damage. The
observed protective effect is attributed to flavonoids
and phenolic compounds of Chromolaena odorata,
which are known to scavenge free radicals and
enhance endogenous antioxidant defenses 2% 26,
Similar studies have demonstrated that plant-derived
antioxidants protect neuronal tissues against
oxidative stress-mediated injury by improving
antioxidant enzyme activities and reducing lipid

peroxidation .

Histopathological examination of the hippocampus
in untreated diabetic rats exposed to mercury
revealed marked neuronal degeneration, disrupted
pyramidal cell arrangement, vacuolation, and
distortion of normal hippocampal cytoarchitecture
within the CA1l, CA3, and dentate gyrus regions.
These findings indicate severe neuronal injury
resulting from the combined effects of
hyperglycemia and mercury toxicity. Previous
reports have associated diabetes-induced oxidative
stress with structural alterations in hippocampal
neurons and impairment of cognitive function 2728,
Similarly, inorganic mercury exposure has been
shown to induce neuronal degeneration and
disruption of brain histoarchitecture through
oxidative and inflammatory mechanisms -3, The
severe hippocampal alterations observed reflect
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synergistic neurotoxic effects of diabetes and
mercury exposure.

The treatment with Chromolaena odorata extract
improved hippocampal architecture in a dose-
dependent manner, as evidenced by the preservation
of pyramidal neurons, reduced vacuolation, and
restoration of normal neuronal arrangement. The
histological improvements correspond to the
observed reduction in oxidative stress markers,
suggesting that the neuroprotective effects of the
extract are achieved by its antioxidant and anti-
inflammatory properties. Similarly, the
neuroprotective effect of flavonoid-rich medicinal
plants was reported in experimental models of
oxidative neuronal injury 2% 3!, The near-normal
histological appearance observed in the higher-dose
treatment groups further supports the therapeutic
potential of the extract in protecting hippocampal
neurons against metabolic and toxic insults.

The intense GFAP immunoreactivity observed in
the untreated group indicates marked astrocyte
activation and reactive astrogliosis within the
hippocampus following combined diabetes and
mercury exposure. Astrocyte activation is a well-
recognized response to neuronal injury and
neuroinflammation within the central nervous
system 3. Previous studies have shown that both
hyperglycemia and mercury toxicity promote
oxidative stress and inflammatory responses capable
of inducing astrocytic activation and glial
proliferation in brain tissues 3% %. The increased
GFAP immunoreactivity observed in this study,
therefore, suggests significant neuroinflammatory
changes associated with hippocampal injury.

However, treatment with Chromolaena odorata
extract resulted in reduced GFAP immunoreactivity
and improvement in astrocytic morphology across
the treated groups. This finding suggests attenuation
of neuroinflammation and suppression of reactive
astrogliosis, likely secondary to a reduction in
oxidative stress. Previous investigations have
similarly demonstrated that antioxidant therapies
may reduce astrocyte activation and restore normal
neuronal microenvironment in neurodegenerative
conditions 234,

The increased p53 immunoreactivity observed in
untreated diabetic rats exposed to mercury indicates
activation of apoptotic pathways in response to
oxidative stress and cellular injury. The p53 plays an
important role in regulating apoptosis resulting from
DNA damage and oxidative stress. Previous studies
have shown that excessive ROS generation activates
p53 signaling pathways, leading to neuronal
apoptosis and progressive neurodegeneration 3¢ 37,
Mercury-induced oxidative stress has also been
associated ~ with  p53-dependent  apoptotic
mechanisms in neural tissues %, The marked p53
expression observed in this study, therefore,
suggests increased neuronal apoptosis within the
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hippocampus following combined diabetic and
mercury-induced injury.

Following treatment with Chromolaena odorata
extract, pS53 immunoreactivity was markedly
reduced in the treated groups, indicating suppression
of apoptosis and improved neuronal survival. This
anti-apoptotic effect may be related to the
antioxidant properties of the extract, which likely
reduced oxidative stress and stabilized cellular
redox balance. Similar findings have demonstrated
that flavonoid-rich plant extracts protect neurons
against oxidative stress-induced apoptosis through
modulation of apoptotic signaling pathways & 3°.
Collectively, these findings support the
neuroprotective potential of Chromolaena odorata
against hippocampal damage induced by diabetes
and mercury toxicity.

CONCLUSION

Ethanol leaf extract of Chromolaena odorata
demonstrated significant ameliorative effects
against hippocampal damage induced by alloxan-
induced diabetes and mercuric chloride exposure.
The extract reduced oxidative stress, inflammation,
astrocyte activation, and neuronal apoptosis while
improving hippocampal cytoarchitecture.
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