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ABSTRACT 
D-galactose (D-Gal) administration is known to cause cognitive impairment in animal models of ageing. Spondias 
mombin L. fruit pulp (SM) is known to ameliorate stress-induced conditions caused by oxidative stress. The neuropro-
tective role of SM against D-Gal-induced stress in Wistar rats was investigated. Forty-two male Wistar rats were divid-
ed into six groups (n=7): control group were fed with normal diet; D-Gal group were treated with D-Gal only; Gal + SM5 
group were  fed with 5% SM (w/w)-containing diet and treated with D-Gal; Gal + SM10 group were fed with 10% SM 
(w/w)-containing diet and treated with D-Gal; SM 5 group were fed with 5% SM-containing diet; and SM 10 group were 
fed with 10% SM-containing diet.  Control, SM5, and SM10 groups were treated by 0.9% sodium chloride/day (subcu-
taneous (s.c), 5 days per week) while D-Gal treatment was 250 mg/kg of D-Gal (s.c., 5 days per week). Administration 
was done for 6 weeks after which behavioural assessments were conducted, followed by biochemical and histopatho-
logical analyses of the prefrontal cortex. The administration of SM-containing diet at the two concentrations investigat-
ed in this study showed improvements in cognitive impairment caused by the D-Gal compared to the control. Biochem-
ical assays indicated that D-Gal significantly disrupted antioxidant status, proinflammatory and anti-inflammatory cyto-
kines. SM supplementation reversed these effects. Histopathological analysis confirmed that SM5 and SM10 signifi-
cantly reversed D-Gal-induced cortical alterations. In conclusion, SM attenuated D-Gal-induced cognitive deficits, oxi-
dative stress, and neurodegeneration in Wistar rats. 
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INTRODUCTION 
 
Ageing is a natural and inevitable process that gradually 
diminishes our body's physiological functions, including 

cognitive abilities (Dharmarajan, 2021). This decline is in-
fluenced by factors such as oxidative stress, neuroinflam-
mation, and changes in neurotransmitter activity (Buccella-
to et al., 2021). To better understand these effects, re-
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searchers have developed experimental models that simu-
late human ageing (Wang et al., 2022). One widely used 
model involves administering D-Galactose (D-Gal), a sub-
stance that induces oxidative stress, inflammation, and 
neurodegeneration, ultimately leading to cognitive impair-
ments in animal studies (Ahmad et al., 2021; Samad et al., 
2022). 
D-Gal, a reducing sugar, autooxidizes and glycates to pro-
duce reactive oxygen species (ROS), leading to oxidative 
stress (Kumar et al., 2022).  As ROS accumulate, they 
cause cellular damage, impair mitochondrial function, and 
increase neuronal apoptosis, which are factors that worsen 
cognitive decline (Sharma et al., 2021). In addition, D-Gal 
disrupts the balance of neurotransmitters, particularly af-
fecting the cholinergic system, which is essential for learn-
ing and memory (Rossato et al., 2024). Because of these 
effects, D-Gal-induced ageing models have become a val-
uable tool for exploring neuroprotective agents aimed at 
mitigating oxidative stress-related cognitive decline (Kuo et 
al., 2022; Siswanto et al., 2024). 
In recent years, natural products and plant-derived com-
pounds have attracted considerable interest as potential 
therapies for neurodegeneration and age-related cognitive 
decline (Kuo et al., 2022; Siswanto et al., 2024). One such 
promising natural remedy is Spondias mombin L. fruit, 
commonly known as yellow mombin. This tropical fruit-
bearing plant has been used in traditional medicine for its 
wide range of health benefits (Moke et al., 2024). Rich in 
bioactive compounds like flavonoids, polyphenols, and vit-
amins, yellow mombin exhibits potent antioxidant, anti-
inflammatory, and neuroprotective properties (Evuen and 
Kpomah, 2023). Studies have shown that its fruit pulp can 
help alleviate stress-induced conditions by modulating oxi-
dative stress markers and enhancing cellular defence 
mechanisms (de Souza et al., 2023). 
This study aims to evaluate if a diet containing Spondias 
mombin fruit pulp (SM) can mitigate the cognitive impair-
ments caused by D-Gal in Wistar rats in light of the in-
creasing interest in natural neuroprotective compounds. 
Therefore this research investigated the impact of SM fruit 
pulp supplementation on several parameters, including 
behavioural performance, antioxidant levels, acetylcholin-
esterase (AChE) activity, inflammatory cytokines, and his-
topathological changes in the prefrontal cortex (PFC) of 
rats induced with D-Gal. By evaluating SM's effect on oxi-
dative stress markers, cholinergic function, and inflamma-
tory cytokines, this study seeks to elucidate its therapeutic 
potential in addressing age-related neurodegenerative dis-
orders. 
The results will contribute to the growing body of evidence 
supporting the role of natural antioxidants in neuroprotec-
tion. If effective, SM could offer a natural, accessible die-
tary supplement, improving brain health and reducing cog-
nitive decline associated with ageing. 
 
 
MATERIALS AND METHODS 
Plant Collection 
Fresh SM fruits were sourced from a farm in Owode Ede, 
Osun State, and they were identified by Dr. Gideon Okun-
lola, Department of Plant Biology, Osun State University, 

Osogbo, and Mr. Abiodun Omole, Herbarium Unit, 
Obafemi Awolowo University. A voucher specimen was 
deposited and compared with the reference specimen al-
ready in the herbarium of the Obafemi Awolowo University, 
Ile-Ife, Nigeria. 
 
Experimental Animals 
Forty-two male Wistar rats weighing between 150 and 160 
g were obtained from Osun State University Animal House, 
Osogbo, Osun State. The Institutional Animal Care and 
Use Committee of Osun State University approved the use 
of animals in this study. The animals were kept in well-
ventilated plastic cages under standard laboratory condi-
tions, with ambient humidity (60–70%), temperature 
(27±2°C), and light (12 h light/dark cycle, on average), re-
spectively. These conditions reflect a naturally regulated 
environment, which is consistent with local climatic norms 
and animal care guidelines. The animals were fed with a 
standard commercial pellet diet (Top Feeds, a product of 
Premier Feeds Mills Nigeria Ltd, Ibadan, Nigeria) and pro-
vided with clean tap water for two weeks of acclimatisation 
before the experiment. 
 
SM Fruit Preparation 
Matured and ripe SM were harvested from a farm in 
Owode Ede, Osogbo, Osun State. The fruit peels were 
meticulously removed, and the pulp was extracted from the 
seed using a sterilised stainless steel knife. The extracted 
pulp was then subjected to freeze-drying. The dried mate-
rials were used to prepare a 5% w/w and 10% w/w SM diet 
with the standard commercial pellet. 
 
Experimental Design 
Forty-two male Wistar rats were divided into six groups 
based on their weights, consisting of seven rats per group. 
The control group were rats fed with a normal diet and 
administered with normal saline. D-Gal group rats were 
administered with D-Gal procured from Sigma Aldrich, 
Canada. D-Gal + 5SM group were rats treated with the D-
Gal and 5% w/w SM. D-Gal + 10SM group rats were also 
induced with D-Gal and treated with 10% w/w SM. 5SM 
group were rats treated with 5% w/w SM. The SM10 group 
were rats treated with 10% w/w SM. Normal saline or D-
Gal at 250 mg/kg body weight were administered subcuta-
neously five times per week, and rats were exposed to 
standard feed or SM freely and orally throughout. The 
treatments, consisting of daily exposure to either standard 
feed or SM, along with concurrent subcutaneous admin-
istration of D-Gal for five successive days each week, were 
carried out over a period of six weeks. After the 6th week, 
the behavioural test was conducted on the animals. 
 
Behavioural Assay 
Step-Down Latency 
Step-down latency in the inhibitory avoidance test was car-
ried out using the method of Izquierdo and Dias (1983) as 
described by Osuntokun et al. (2021). Each rat was placed 
in the shock-free zone and allowed to explore the chamber 
for 10 min. On stepping down onto the grid floor, the ani-
mal received an electric shock (20 V) through the grid 
floor. Two hours later, this procedure was repeated, and 
the time taken for each rat to step down was measured in 
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seconds. This is known as the step-down latency, and this 
constitutes the training process. Following the training ses-
sion, step-down latency by each rat was determined after 
24 h of the training session. A prolongation or shortening 
of step-down latency was used as a parameter of learning 
and memory. 
 
Novel Object Recognition Task 
This was done to determine working and spatial memory in 
animals using the method of Ennaceur (2010) described 
by Osuntokun et al. (2021). Three days before testing, rats 
acclimated to two identical objects for 5 min before return-
ing to their home cages. After 30 min, a probe test intro-
duced a novel object, and exploration time was recorded 
as a memory index by a blinded experimenter. 
  
Open Field Test 
This was achieved by determining the total number of hori-
zontal and vertical lines crossed by each rat in a wooden 
box measuring 1m long × 1m wide × 1m high according to 
the method of Seibenhener and Wooten (2015) as de-
scribed by Osuntokun et al. (2021). 
 
Collection and Homogenisation of PFC 
The rats were euthanised through cervical dislocation 24 
hours after the behavioural assay.  The brain was excised 
(representatives of each group were kept for histological 
study), and the PFC was removed from the brain and 
rinsed in a solution of normal saline, weighed, and homog-
enised in phosphate buffer solution (0.1M, pH = 7.2). The 
resulting homogenate was then centrifuged for 10 minutes 
at 10,000 rpm and at the temperature of 4°C to obtain the 
supernatant fraction, which was then used to carry out the 
biochemical assays. 
 
Histological Study 
The excised PFC were thereafter post-fixed in 4% para-
formaldehyde (PFA) for 48 hours and then processed for 
qualitative studies. PFA-fixed tissue sections were stained 
using haematoxylin and eosin (H and E) staining tech-
niques. 
 
Biochemical Assays 
Antioxidant assays 
Antioxidant assays were carried out on the supernatants 
from the tissue of the PFC. The extent of lipid peroxidation 
in the PFC was determined by measuring the amount of 
malondialdehyde (MDA) following a spectrophotometric 
method described by Ohkawa et al. (1979). Glutathione 
(GSH) levels were measured using Ellman’s 
(1959) method, based on the reaction with Ellman’s rea-
gent and phosphate buffer, with absorbance recorded at 
412 nm (Vuolo et al., 2022). Catalase activity was estimat-
ed by using the method of Jeje et al. (2024) by measuring 
the decrease in absorbance as the enzyme breaks down 
hydrogen peroxide at 240 nm. The activity was calculated 
using an extinction coefficient of 0.0436 mm⁻¹cm⁻¹. The 
glutathione‐s‐transferase activity was determined by the 
method of Habig et al. (1974) using 1-chloro-2,4-
dinitrobenzene as a substrate. Superoxide dismutase 
(SOD) activity was measured by the McCord and Fridovich 

(1969) method, based on the enzyme’s catalysis of super-
oxide dismutation to oxygen and hydrogen peroxide, with 
spectrophotometric quantification. 
 
ELISA Analysis for Cytokines (Tumour Necrosis Fac-
tor Alpha, Interleukin 10, and Interleukin-1β) Levels 
The pro-inflammatory cytokines (tumour necrosis factor 
alpha, TNF-α and interleukin 1β, IL-1β) levels and anti-
inflammatory cytokines (interleukin 10, IL-10) were meas-
ured in PFC by using enzyme-linked immunosorbent assay 
(ELISA) kits according to the manufacturer's instructions; 
they were products of Elabscience, USA. 
  
Estimation of AChE Activity 
The supernatants from the tissue of the PFC were evalu-
ated for the activities of AChE using the Ellman et al. 
(1961) method, based on the formation of a yellow anion 
measured at 412 nm. The reaction involved K⁺-phosphate 
buffer, 5,5'-dithiobis-(2-nitrobenzoic acid), and acetylthi-
ocholine iodide, with enzyme activity expressed in units/mg 
protein. 
 
Data Analysis 
The values were expressed as mean ± standard error 
mean (SEM). The mean differences in each group were 
analysed by one‐way ANOVA using GraphPad Prism 
8.0.1, followed by Turkey post hoc tests at a probability 
level of 0.5. 
 
 
RESULTS 
 
Effects of SM on Behavioural Patterns of Male Wistar 
Rats Treated with D-Gal 
Step-Down Latency 
Administration of D-Gal significantly (p < 0.05) decreased 
the step-down latency, a marker of long-term memory in-
dex compared with the control. However, treatment with 
SM5 or SM10 significantly increased (p < 0.05) the step-
down latency when compared with the D-Gal group (Fig. 
1A). 
 
Novel Object Recognition 
There was a non-significant decrease (p > 0.05) in the per-
centage novel object recognition following the D-Gal 
treatment compared with the control group. However, nov-
el object recognition increased significantly (p < 0.05) in 
the D-Gal co-treated with 5SM and 10SM diets and the SM 
alone treatment group (Fig. 1B). 
  
Open Field Test 
In D-Gal only treated animals, the number of lines crossed 
was significantly reduced (p < 0.05) compared with normal 
control. However, administration of SM10 significantly in-
crease (p<0.05) the number of lines crossed when com-
pared with D-Gal group. Overall, SM diets improved the 
exploratory activities (Fig. 1C). 
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Fig. 1: Effects of SM diet on long-term memory (A), novel object 
recognition (B), and exploratory and locomotor in the open field 
test activities (C) of male Wistar rats treated with D-Gal. Values 
are expressed as mean ± SEM (n=7). α - significant compared to 
the control group (p < 0.05); β - significant compared to the D-Gal 
group (p < 0.05). 
 
Effects of SM on Antioxidant Parameters in the PFC of 
Wistar Rats Treated with D-Gal 
The SM-supplemented diet significantly (p < 0.05) mitigat-
ed the increase in PFC MDA level occasioned by D-Gal 
treatment, indicating enhanced lipid peroxidation. SM5 and 
SM10 significantly reduced (p < 0.05) PFC MDA levels 
compared to D-Gal treated rats (Fig. 2A). 
The PFC GSH level was significantly decreased in the D-
Gal group compared to the control group (p < 0.05), indi-
cating oxidative stress. Administration of SM5 and SM10 to 
Administration of SM5 and SM10 to D-Gal-treated animals 
resulted to non-significant increase (p > 0.05) in PFC GSH 
concentrations relative to the D-Gal-treated group, with 
values remaining significantly lower than the control (p < 
0.05). However, the SM5 and SM10 groups showed a sig-
nificant increase in PFC GSH levels compared to both the 
D-Gal group (p < 0.05) and the control group (p < 0.05), 
suggesting a strong antioxidative effect (Fig. 2B). 
The PFC SOD activity was significantly decreased in the 
D-Gal group compared to the control group (p < 0.05). 
Administration of SM5 or SM10 to D-Gal-treated animals 
induced a significant increase (p < 0.05) in PFC GSH con-
centrations relative to the D-Gal-treated group, which re-
mained significantly lower than that of the control group 
(p < 0.05) but was significantly higher than that of the D-
Gal group (p < 0.05). Meanwhile, the SM5 and SM10 
groups showed SOD activities that were slightly higher 
than the control group (p > 0.05) (Fig. 2C). 
Catalase activity was significantly reduced in the D-Gal 
group compared to the control group (p < 0.05). Consistent 
with other findings, administering SM10 to D-Gal–treated 
animals resulted in a significant  increase (p < 0.05) in cat-
alase activity compared with D-Gal treated group, also a 
non-significant  increase  (p>0.05) in catalase levels com-
pared to the D-Gal-only treated animals were observed 
with SM5 treatment (Fig. 2D).  

 

Fig. 2: Effects of SM on lipid peroxidation (A), glutathione level 
(B), superoxide dismutase activity (C), and catalase activity (D) of 
male Wistar rats treated with D-Gal. Values are expressed as 
mean ± SEM (n=7). α - significant compared to the control group 
(p < 0.05); β - significant compared to the D-Gal group (p < 0.05). 
 
Effects of SM on the AChE in the PFC of Wistar Rats 
Treated with D-Gal 
The AChE activity was significantly reduced in the D-Gal 
group compared to the control group (p < 0.05). Admin-
istration of SM5 and SM10 to D-Gal-treated animals re-
sulted in a non-significant increase (p > 0.05) in AChE ac-
tivity compared to the D-Gal treated group, though the lev-
el of AChE in D-Gal+SM5 group remained significantly 
lower (p<0.05) than the control while the level of AChE in 
D-Gal+SM10 group remained non-significantly lower 
(p>0.05) when compared with the control group. Converse-
ly, the SM5 and SM10 groups exhibited significantly higher 
AChE activity compared to the D-Gal group (p < 0.05), in-
dicating a potential protective effect (Fig. 3). 

 
Fig. 3: Effects of SM on acetylcholine activity of male Wistar rats 
treated with D-Gal. Values are expressed as mean ± SEM (n=7). 
α - significant compared to the control group (p < 0.05); β - signif-
icant compared to the D-Gal group (p < 0.05). 
 
Effects of SM on the Pro-Inflammatory Cytokines in 
the PFC of Wistar Rats Treated with D-Gal 
Pro-inflammatory cytokine 
Interleukin-1β levels were significantly elevated in the D-
Gal only group compared to the control group (p < 0.05). 
Co-treatment with either SM5 or SM10 in D-Gal–treated 
animals resulted in significant increase (p < 0.05) in IL-1β 
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Fig. 5: Photomicrographs depicting the cytoarchitectural organisation of the PFC (H and E stain) at low (50 μm) and high (25 μm) 
magnifications, illustrating micromorphological characteristics in male Wistar rats across experimental groups. The blue box empha-
sises the external pyramidal layer (III) and internal granular layer (IV) at 25 μm. Yellow arrows indicate mildly intact and morphologi-
cally preserved cells, whereas red arrows highlight degenerating cells exhibiting cytoplasmic and nuclear material depletion. 

levels when compared with the control group. However, 
co-treatment with SM5 and SM10 groups showed a mild 
reduction in IL-1β levels compared to the D-Gal only group 
(p < 0.05) (Fig, 4A).  
TNF-α levels were significant increase (p < 0.05) in the D-
Gal only group compared to the control group (p < 0.05). 
Co-treatment with either SM5 or SM10 in D-Gal–treated 
animals significantly reduced TNF-α levels relative to the 
D-Gal only group (p < 0.05), but these values were signifi-
cantly increased  (p < 0.05) when compared to control 
group (p < 0.05). Meanwhile, SM5 and SM10 alone did not 
differ from the control but were significantly lower than the 
D-Gal only group (p < 0.05) (Fig. 4B). 
 
Anti-Inflammatory Cytokine 
The IL-10 levels were significantly higher in the D-Gal + 
SM5 and D-Gal + SM10 groups compared to both the Con-
trol group (p < 0.05) and the D-Gal only group (p < 0.05). 
In addition, the SM5 and SM10-administered groups exhib-
ited significantly higher IL-10 levels than the D-Gal group 
(p < 0.05), although they did not differ significantly from the 
control (Fig. 4C). 

  

 
Fig 4: Effects of SM on interleukin-1β level (A), TNF-α level (B) 
and IL-10 level of male Wistar rats treated with D-Gal. Values are 
expressed as mean ± SEM (n = 7). α - significant compared to 
the control group (p < 0.05); β - significant compared to the D-Gal 
group (p < 0.05). 
  
 
 

Histology Studies 
Figure 5 shows the representative micrographs of the PFC 
in male Wistar rats across the study groups. The control, 
SM5, and SM10 treatments exhibited normal histological 
features of the PFC. These groups consist of large pyram-
idal and granule neurons, with pyramidal cells distin-
guished by elongated axons that extend from the soma to 
establish connections with adjacent neurons within the 
neuropil.  Apical and basal dendrites extend from the well-
delineated soma of the pyramidal neurons in these groups. 
Perineural space surrounding these cells appeared intact, 
with intact nuclear and cytoplasmic content.  
In contrast, D-Gal treatment induced notable degenerative 
alterations in the PFC. These changes were marked by 
clustered pyknotic pyramidal neurons exhibiting fragment-
ed cytoplasm and condensed nuclei within the soma (indi-
cated by red arrows). Perineural spaces were observed 
encasing degenerating neurons, while axons and dendrites 
appear markedly reduced in proximity to neuronal bodies. 
Additionally, this group experienced a notable reduction in 
the overall neuronal population. 
Furthermore, rats exposed to D-Gal + SM5 and D-Gal + 
SM10 showed mild alterations in the microarchitecture of 
the PFC, but the pyramidal neurons appeared larger with 
considerably longer axons, and their nuclei are mostly un-
fragmented with appreciable cytoplasmic as well as nucle-
ar contents. 
. 
 
DISCUSSION  
 
The PFC is a critical neural substrate underpinning higher-
order cognitive processes such as memory encoding, de-
cision-making, and executive control (Fuster, 2017). This 
region is among the first to exhibit age-related neuro-
degenerative changes, largely due to its heightened sus-
ceptibility to oxidative stress and inflammatory insults (Mor-
rison and Baxter, 2012). 
In this study, we investigated the impact of D-Gal-induced 
ageing on the PFC of male Wistar rats. D-Gal is known to 
elevate the production of ROS, which in turn oxidise es-
sential cellular macromolecules and impair mitochondrial 
function. This oxidative insult activates a cascade of down-
stream signalling pathways, notably the induction of stress- 
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responsive transcription factors that further exacerbate 
neurodegenerative processes (Mursal et al., 2024). Signifi-
cantly, our findings demonstrate that treatment with SM 
effectively counteracts these deleterious effects. The ob-
served alterations in oxidative stress markers, inflammato-
ry responses, and cognitive function provide valuable in-
sights into the molecular mechanisms driving age-related 
deterioration in the PFC. 
In this study, we investigated the impact of D-Gal-induced 
ageing on the PFC of male Wistar rats. D-Gal is known to 
elevate the production of ROS, which in turn oxidise es-
sential cellular macromolecules and impair mitochondrial 
function. This oxidative insult activates a cascade of down-
stream signalling pathways, notably the induction of stress-
responsive transcription factors that further exacerbate 
neurodegenerative processes (Mursal et al., 2024). Signifi-
cantly, our findings demonstrate that treatment with SM 
effectively counteracts these deleterious effects. The ob-
served alterations in oxidative stress markers, inflammato-
ry responses, and cognitive function provide valuable in-
sights into the molecular mechanisms driving age-related 
deterioration in the PFC. 
The pronounced reduction in GSH levels observed in the 
D-Gal-treated group relative to controls is indicative of oxi-
dative stress, a key marker of age-associated cellular 
damage (Azman and Zakaria, 2019). GSH, a pivotal intra-
cellular antioxidant, detoxifies ROS, and its depletion signi-
fies a disturbed redox balance in the PFC. In parallel, sig-
nificantly elevated MDA levels, a lipid peroxidation byprod-
uct, further corroborate the presence of oxidative injury, in 
alignment with previous findings on ROS-mediated neu-
ronal damage (Mursal et al., 2024). 
Co-treatment with SM extracts (SM5 and SM10) resulted 
in a partial, albeit incomplete, restoration of GSH levels. 
This observation suggests that SM can bolster the antioxi-
dant defences within the PFC, although it may not entirely 
reverse extensive oxidative damage. Notably, both the 
SM5 and SM10 groups exhibited significant enhancement 
in GSH levels compared to the D-Gal and control groups, 
implying an upregulation of oxidative defence mechanisms 
potentially attributable to the polyphenolic constituents of 
SM. These bioactive compounds are known to scavenge 
free radicals and stimulate antioxidant enzyme activities 
(Cabral et al., 2016). 
Typically, oxidative stress upregulates critical enzymes 
such as SOD and catalase, which serve to mitigate further 
oxidative damage. However, the marked decline in SOD 
and catalase activities in the D-Gal group reflects a com-
promised endogenous antioxidant defence system. Alt-
hough SM5 and SM10 treatments did not fully restore SOD 
activity to control levels, both significantly increased SOD 
and catalase activities compared to the D-Gal group, sug-
gesting that SM partially recovers the enzymatic antioxi-
dant capacity in the PFC. 
Additionally, the PFC plays a crucial role in cholinergic 
neurotransmission, which is vital for cognitive functions 
such as attention and memory consolidation (Morrison and 
Baxter, 2012). The observed reduction in AChE activity in 
the D-Gal group is indicative of cholinergic impairment, 
consistent with the established link between oxidative 
stress and cognitive decline (Mukherjee et al., 2007). Alt-
hough SM5 and SM10 treatments only partially ameliorat-

ed the decline in AChE activity, the significant increase in 
AChE activity in the co-treatment groups relative to the D-
Gal group underscores SM potential modulatory effect on 
the cholinergic system in the PFC, which may contribute to 
improved cognitive outcomes. 
Beyond oxidative stress, inflammation is a critical contribu-
tor to the cognitive decline observed with ageing (Ahmad 
et al., 2021). Our study demonstrated that treatment with 
D-Gal led to elevated levels of pro-inflammatory cytokines, 
including TNF-α and IL-1β, indicative of a chronic inflam-
matory state. Such increases in inflammatory markers are 
well-documented consequences of oxidative stress, which 
in turn exacerbate neuronal damage (Magrone et al., 
2019). Notably, co-administration of SM resulted in a sig-
nificant reduction of TNF-α and IL-1β levels, underscoring 
its potent anti-inflammatory properties. Furthermore, the D-
Gal + SM5 and D-Gal + SM10 groups exhibited significant-
ly elevated levels of interleukin-10 (IL-10), a cytokine as-
sociated with immunosuppressive responses. This cyto-
kine modulation suggests that SM may help rebalance the 
inflammatory milieu in the ageing PFC, potentially by inhib-
iting the nuclear factor-kappa B (NF-κB) signalling path-
way, a key mediator of inflammatory responses (Magrone 
et al., 2019). 
In D-Gal-treated rats, significant cognitive deficits and be-
havioural changes were observed, including reduced step-
down latency, impaired novel object recognition, and de-
creased exploration in the open field. These findings high-
light the detrimental impact of oxidative stress, inflamma-
tion, and neurotransmitter dysfunction on PFC-dependent 
functions. Our results are in line with previous studies link-
ing these degenerative processes to long-term memory 
impairment (Mursal et al., 2024). Notably, supplementation 
with SM significantly mitigated these cognitive and behav-
ioural deficits, suggesting its protective efficacy. The ob-
served improvements in novel object recognition, memory 
retention, and exploratory activity could mean that 
SM preserves PFC-dependent functions through mecha-
nisms that include antioxidant recovery, inflammation 
modulation, and cholinergic restoration. 
Histological analysis of the cortex corroborated these find-
ings. The control and SM-treated groups exhibited normal 
cytoarchitecture with intact pyramidal and granule neurons, 
while the D-Gal group showed pronounced degenerative 
changes, including pyknotic neurons with fragmented cy-
toplasm and condensed nuclei. The attenuation of these 
histopathological alterations in the SM-treated groups pro-
vides further evidence that SM protects against D-Gal–
induced neurodegeneration in the PFC (Aon-Im et al., 
2024). 
  
Conclusion  
This study provides data that oxidative stress and inflam-
mation are central pathophysiological drivers of PFC de-
generation in the context of D-Gal-induced ageing. Our 
findings affirmed the vulnerability of the PFC to redox im-
balance and inflammatory insults, which collectively com-
promise neuronal integrity, synaptic function, and ultimate-
ly, cognitive performance. The administration of SM extract 
demonstrated significant neuroprotective effects, mitigating 
biochemical, behavioural, and histopathological markers of 
ageing-induced neurodegeneration. Collectively, these 
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findings underscore SM’s multifaceted neuroprotective ca-
pacity in counteracting age-related PFC deterioration. The 
extract not only attenuated oxidative and inflammatory 
cascades but also preserved neurobehavioural function 
and cellular architecture. These protective effects ap-
peared to be dose responsive, further validating the thera-
peutic potential of SM in modulating neurodegenerative 
processes. 
Future research should delve deeper into the specific mo-
lecular targets of SM, with particular emphasis on tran-
scriptional regulators such as nuclear factor erythroid 2–
related factor 2 (Nrf2) and NF-κB, to better elucidate the 
extract’s mechanistic pathways. Additionally, translational 
studies exploring the pharmacokinetics and clinical efficacy 
of SM in human models of age-associated neurodegenera-
tion are warranted. Such investigations will be critical to 
determining its viability as a phytotherapeutic candidate in 
the management of neurocognitive disorders linked to PFC 
dysfunction. 
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