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ABSTRACT

Muira puama is a plant renowned for its potent antioxidant and neuroprotective properties. The effects of ethanol
extract of Muira puama on aluminium chloride-induced changes in rat behaviour and cerebral cortex histomorphology
was examined in this study. Fifty male rats weighing 120-150 g each were divided into six groups: control (normal
saline), Muira puama extract groups (25 mg/kg and 50 mg/kg), AICI3 group (100 mg/kg), and AICI3 combined with
Muira puama extract groups (25 mg/kg and 50 mg/kg respectively). All treatments were administered orally for 21
days. Behaviours were assessed after the final dose of treatment. The result showed that the administration of AICI3
was associated with decreased weight gain, behavioural alterations, and spatial working memory deficits. However,
co-treatment with Muira puama was associated with increased food intake, reversal of weight loss, enhanced
locomotion/self-grooming, and reduction of anxiety. Additionally, spatial working memory scores were significantly
improved with Muira puama. Biochemical analysis showed reduced levels of malondialdehyde and tumour necrosis
factor-alpha, and increased levels of interleukin 10 and total antioxidant capacity. Histological examination revealed
neuronal preservation with Muira puama, suggesting protective effects on the cerebral cortex. These findings suggest
that Muira puama extract has the ability to mitigate aluminium chloride-induced changes in rats. However, more
studies would be needed to determine its suitability for use in humans.
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1. Introduction

Aluminium chloride (AlCls) is a molecule with extensive industrial and medical applications, and it is primarily derived
from aluminium-containing metal ores [1]. Additionally, soluble aluminium compounds, including AICls, are
frequently used in water purification and food packaging, exposing humans to potential health risks [2]. Human
exposure to aluminum chloride (AlICI3) can occur through various pathways, including inhalation of dust or fumes in
occupational and industrial environments, dermal absorption from consumer products such as antiperspirants, and, to
a lesser extent, through ingestion. [3]. The neurotoxicity of AlCls exposure is particularly alarming, since both clinical
and preclinical investigations associate it with cognitive impairment and various central nervous system (CNS)
disruptions [4]. Once it enters the body Aluminium chloride cross the blood-brain barrier (BBB) and aggregate in
multiple brain regions, such as the cerebral cortex, cerebellar cortex, amygdala and hippocampus [5]. These regions of
the brain govern higher cognitive functions, including memory, attention, and decision-making, and is notably affected
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by exposure to aluminium chloride. The neurotoxic potential of Aluminium chloride is increasingly recognised, with
accumulating evidence linking prolonged exposure to neurological disorders, including Alzheimer’s disease [6]. The
accumulation of aluminium in brain tissues is believed to intensify oxidative stress, disrupt cellular metabolism, and
impair neuronal function [7]. Considering the neurodegenerative potential of AIClszand its pervasive presence in the
environment and everyday items, there is an urgent need to explore therapies that can mitigate the harmful effects.
Numerous pharmaceutical drugs have been used to address neurodegeneration, but these often come with limitations,
including side-effects and inability to reverse the structural and biochemical alterations caused by AICls. Despite these
challenges, the use of plant extracts as interventions remains relatively underexplored. Muira puama, a plant renowned
for its potent antioxidant and neuroprotective properties, offer a promising alternative therapeutic approach for
combating aluminium chloride induced neurotoxicity. The current study examined the potential benefits of Muira
puama extract as a natural therapeutic intervention to counteract aluminium chloride induced cognitive and structural
brain impairments, and also to provide insight into managing AIClz related neurodegeneration.

The objectives of this study were to assess the effect of Muira puama on body weight, food intake, open field locomotion
and exploratory behaviours, spatial working memory in the Y maze, and anxiety related behaviours in the elevated plus
maze in rat exposed to Aluminium chloride. Additionally, the study aimed to investigate the impact of Muira puama
on lipid peroxidation, total antioxidant capacity, and inflammatory cytokines, specifically TNF-o and IL-10.
Furthermore, the study sought to examine changes in the histoarchitecture of the cerebral cortex using Hematoxylin
and Eosin staining as well as Cresyl Fast Violet staining in response to aluminium chloride-induced neurotoxicity.

2. Materials and Methodology

2.1 Chemicals and Drugs
Muira puama root extract (Cheryls Herbs), Aluminium chloride (Sigma-Aldrich Corporation, USA), Interleukin-10
assay kit (Biovision Inc., Milpitas, CA, USA). Tumour necrosis factor alpha (TNF o) assay kit (Biovision Inc., Milpitas,
CA, USA). Total antioxidant capacity (TAC) assay kit (Biovision Inc., Milpitas, CA, USA).

2.2 Animals

Healthy male Wistar rats used in this study were obtained from Empire Breeders, Osogbo, Osun State Nigeria. Rats
were housed in wooden cages measuring 20 x 10 x 12 inches in temperature-controlled (22.5°C £2.5°C) quarters with
lights on at 7.00 am. Rats were allowed free access to food and water. All procedures were conducted in accordance
with the approved protocols of the Faculty of Basic Medical Sciences, Ladoke Akintola University of Technology,
abiding by the regulations for animal care and use outlined in European Council Directive (EU2010/63) on scientific
procedures involving living animals.

2.3 Experimental Methodology

A total of fifty male rats weighing 120-150g each were randomly assigned into six groups (n=10 each). Group A (control
group) received 10 ms/kg of Normal saline, group B (Muira puama extract control group) received 25 mg/kg of Muira
puama extract, group C (Muira puama extract control group) received 50 mg/kg of Muira puama extract, group D
(Aluminium chloride (AIClIs) control) received 100 mg/kg of AICIs, group E received 100 mg/kg of AICIz and 25 mg/kg
of Muira puama extract, group F received 100 mg/kg of AICI; and 50 mg/kg of Muira puama extract. All agents were
administered orally by gavage with the aid of a canula for a period of 21 days; with dosages determined based on
evidences from previous research [8]. After treatment, animals underwent behavioural tests (elevated plus maze, open
field, and Y-maze). Twenty-four hours post-testing, rats were euthanised by cervical dislocation, and blood was drawn
for analyses of interleukins (interleukin (IL)-10 and Tumour necrosis factor (TNF)a, malondialdehyde (MDA), and total
antioxidant capacity (TAC). Brains were excised, fixed in 10% formol-calcium, and cerebral cortex sections were
processed, embedded in paraffin, and stained for histological evaluation.

2.4 Behavioural Testing

2.4.10pen field Behaviours



Open-field behaviours in rats encompass stimulation, suppression and observational exploration, alongside anxiety-
related actions as described by [9]. This paradigm also highlights stereotypic behaviours, such as grooming, which are
commonly recognised as fundamental indicators of a rodent's exploratory capacity. In this study, a 10-minute
observation period was conducted in the open-field apparatus, during which behaviours such as grooming, rearing,
and horizontal movement were recorded and documented. The open field apparatus is a rectangular arena made of
white-painted wood, measuring 36 x 36 x 26 cm. The floor is made of hard wood and divided by permanent red
markings into 16 equal-sized squares. The rats were placed in the centre of the field. Generally, spontaneous motor
activity was monitored in the open-field as previously described by [10]. The total horizontal locomotion (number of
floor units entered with all paws), rearing frequency (number of times the animal stood on its hind legs either with its
fore-arms against the walls of the observation cage or free in the air) and frequency of grooming (number of body
cleaning with paws, picking of the body and pubis with the mouth, and face-washing actions, indicative of a stereotypic
behaviour) within the 10-minute period was recorded.

2.4.2 Anxiety Behaviour

The elevated plus-maze, as described by [11], is a cross-shaped apparatus with four arms arranged at right angles.
Two open arms, each 25 x 5 x 5 cm, are opposite two closed arms of the same length and width but with a 16 cm high
wall for enclosure. A central platform, measuring 5 x 5 x 0.5 cm, connects the arms. Following the administration of
Aluminium Chloride, Muira puama or Normal saline, rats were placed on the central platform facing a closed arm,
and their behaviour was observed for 5 minutes, following protocols previously described by [12] [13]. An entry into
an arm was only counted if the rat fully entered with all four limbs. After each trial, the maze was cleaned with 5%
ethanol. The elevated plus-maze assesses rodents' preference for dark, enclosed spaces (approach) versus their
instinctive fear of open, elevated areas (avoidance). The percentage of time spent in the arms was calculated as: (time
in open or closed arms / total time) x 100. The number of entries into each arm type was calculated as: (number of
entries into open or closed arms / total entries).

2.5 Biochemical Test
2.5.1 Lipid Peroxidation

Lipid peroxidation levels were evaluated by measuring malondialdehyde content assessed as levels of thiobarbituric
acid reactive substance in the biological samples. Combination of free malondialdehyde and thiobarbituric acid
reactive substance forms coloured complex which can be measured spectrophotometrically. Concentration of which
is expressed as pmol following the instructions of the kit manufacturer.

2.5.2. Antioxidant Status

Total antioxidant capacity was assayed using the Trolox Equivalent Antioxidant Capacity Assay method that assesses
the ability of antioxidants within a given sample to react with oxidised products as previously described by [14].

2.5.3 Interleukin (IL) -10 and Tumour Necrosis Factor-a

Interleukin (IL)-10 and Tumour necrosis factor -a levels were measured using the enzyme-linked immunosorbent
assay techniques with commercially available kits (Biovision Inc., Milpitas, CA, USA).

2.6 Tissue Histology

Rat brains were dissected, sectioned and fixed in neutral-buffered formol calcium. The cerebral cortex was then
processed for paraffin-embedding, cut at 5 um and stained with haematoxylin and eosin and cresyl fast violet for
general histological study.

2.7 Photomicrography

Histological slides of the cerebral cortex were examined under an Olympus binocular light microscope. Images were
captured using a Canon PowerShot 2500 Digital camera.

2.8 Statistical Analysis



Data was analysed using Chris Rorden’s ANOVA for Windows (version 0.98). Analysis of data was by One-way
analysis of variance (ANOVA) and a post-hoc test (Tukey HSD) used. All results were expressed as mean + S.E.M.
and p < 0.05 was taken as the accepted level of significant difference from control.

3. Results
3.1 Effect of Muira puama on body weight

Figure 1 shows the effect of Muira puama extract on the relative alterations in body weight in rats. There was a
significant (p<0.001) reduction in body weight gain with Muira puama (MP) at 25 and 50 mg/kg, AlCl3 and with AlCls
and Muira puama (AICIsMP) at 25 and 50 mg/kg respectively compared to control. In comparison to AlCls, there was
a significant decrease in body weight with AICl; and Muira puama at 25 mg/kg (AIC13MP25) while an increase was
observed with AICl; and Muira puama at 50 mg/kg (AlCI/MP50).
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Figure 1 Effect of Muira puama extract on relative change in body weight. Each bar represents Mean + S.E.M, *p<0.05 significant difference
from control. #p<0.05 significance difference from AICI;. Number of rats per treatment group = 10. AICls: Aluminium chloride
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3.2. Effect of Muira puama on food intake

Figure 2 shows the effect of Muira puama extract on relative feed intake. There was a significant [p < 0.001] increase
in feed intake with MP25, MP50. AICIs/MP25, AICIs/MP50 and a significant decrease with AlCl; compared to control.
In comparison to AICls;, feed consumption increased with AlICIs/MP25 and AICIs/MP50 respectively.
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Figure 2: Effect of Muira puama extract on relative change in feed intake. Each bar represents Mean + S.E.M, *p<0.05 significant difference from
control. #p<0.05 significance difference from AICl;. Number of rats per treatment group = 10. AICl;: Aluminium chloride.

3.3 Effect of Muira puama on horizontal locomotion

Figure 3 shows the effect of Muira puama extract on horizontal locomotor activity measured as number of line-
crossings during a 10-minute period. There was a significant [p < 0.001] increase in locomotor activity with MP25,
MP50. AICIs/MP25, AICIs/MP50 and a significant decrease with AICI; compared to control. In comparison to AlCls,
locomotor activity increased with AICIs/MP25 and AICIs/MP50 respectively.
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Figure 3: Effect of Muira puama extract on Horizontal locomotion (line crossing) i Each bar represents Mean + S.E.M, *p<0.05 significant
difference from control. #p<0.05 significance difference from AICI5s. Number of rats per treatment group = 10. AICls: Aluminium chloride.

3.4 Effect of Muira puama on rearing activity
Figure 4 shows the effect of Muira puama on rearing behaviour. There was a significant [p < 0.001] increase in rearing

activity with MP25 and 50 and a significant decrease with AICI; compared to control. In comparison to AlICls, rearing
activity increased with AICIs/MP25 and AICIs/MP50 respectively.
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Figure 4: Effect of Muira puama extract on vertical locomotor activity (rearing). Each bar represents Mean + S.E.M, *p<0.05 significant difference
from control. #p<0.05 significance difference from AICI;. Number of rats per treatment group = 10. AICl3: Aluminium chloride.

3.5 Effect of Muira puama on self-grooming behaviour

Figure 5 shows the effect of Muira puama extract on self-grooming behaviour. There was a significant (p<0.001)
increase in self-grooming behaviour with MP25, and a decrease with AlCIl; compared to control. Compared to AlCls,
self-grooming increased with AICIs/MP25 and AICIs/MP50 respectively.
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Figure 5: Effect of Muira puama extract on self-grooming behaviour. Each bar represents Mean + S.E.M, *p<0.05 significant difference from
control. #p<0.05 significance difference from AICl;. Number of rats per treatment group = 10. AICI3: Aluminium chloride.

3.6 Effect of Muira puama on anxiety related behaviours

Figure 6 shows the effect of Muira puama extract on anxiety related behaviours measured as time spent in the open
arm (upper panel) and closed arm (lower panel). There was a significant (p<0.001) increase in open arm time with
MP50 and AICI3/MP50, and a decrease with AICI;compared to control. Compared to AICls, open arm time increased
with AICIs/MP25 and AICIs/MP50 respectively.



There was a significant (p<0.001) increase in closed arm time with AICl3 and AICIs/MP50 compared to control.
Compared to AICIs, closed-arm time decreased with AICIs/MP25 and AICI3/MP50 respectively.

*#
#
) I I I I
o .

*#
120 #
0

CTRI MP25 MP50 ALCL3 ALCL3/MP25  ALCL3/MP50
Treatment Groups

Open-arm Time (s)

Closed-arm Time(s)

Figure 6: Effect of Muira puama extract on anxiety related behaviours measured as time spent in the open arm (upper panel) and closed arm (lower
panel). Mean + S.E.M, *p<0.05 significant difference from control. #p<0.05 significance difference from AICIl;. Number of rats per treatment
group = 10. AICl5: Aluminium chloride.

3.7 Effect of Muira puama on the oxidative stress markers and inflammatory cytokines

Table 1 shows the effect of Muira puama extract on total antioxidant capacity (TAC), malondialdehyde (MDA),
Tumour necrosis factor (TNF)-a, and interleukin-10 levels. There was a significant (p<0.001) decrease in TAC with
AICI; compared to control. Compared to AICIs, there was a significant increase in TAC with AICIs/MP25 and
AICIs/MP50 respectively. Levels of MDA increased significantly with MP50 and AICl; compared to control.
However, compared to AICls, MDA levels decreased with AICIs/MP25 and AICIs/MP50.

There was also a significant increase in TNF-a with MP25, MP50, AICl; and AICIs/MP25, and a decrease with
AICI3/MP50 compared to control. Compared to AlICls, TNF-a levels decreased with AlCls/MP25 and AICIs/MP50
respectively. Interleukin-10 levels decreased significantly across all groups compared to control, while IL-10 levels
increased with AICIs/MP25 and AICIs/MP50 respectively compared to AICls.

3.5 Effect of Muira puama on the cerebral cortex histomorphology

Figure 7(A - F) and 8(A - F) are representative slides of haematoxylin and eosin (H&E) and cresyl fast violet (CFV)
stained sections of the rat cerebral cortex respectively. Examination of the H&E-stained slides of rats in the control
group revealed distinct outer granular layer of the cerebral cortex. In the cresyl violet stained sections, the neuropil
was well-delineated with multipolar shaped pyramidal cells scattered within. Also observed were granule cells with
scanty cytoplasm and large open-faced nuclei (Figure 7a, 8a). In groups administered MP 25 (7B, 8B) and MP50 (7C,
8C) features similar to that observed in the control group were observed.

Table 1: Effect of Muira puama on oxidative stress markers and proinflammatory cytokines

GROUPS TAC (mM) MDA (uM) TNF-alpha IL-10 (pg/ml)
(pg/ml)

Control 14.58+0.08 1.75£0.02 209.53+1.50 51.42+14.59

MP25 15.34+1.13 411+1.31 255.95+1.80* 44.9618.83*

MP50 15.28+0.12 6.78+0.34* 224.83+2.27* 39.98+13.68*

AICl; 6.7940.52* 20.95+1.52%  420.57+1.61% 3.7620.74%

AlICl3 / MP25 15.71+0.38* 8.38+0.42"% 268.40+2.03" 38.73+6.17%*

AICl3 / MP50 14.89+0.07* 10.49+0.71"% 111.94+1.14™* 33.49+2.65™

Data represented as Mean + S.E.M, *p<0.05 significant difference from control. #p<0.05 significant difference from AICIs. number of rats per
treatment group =10. Alcls: Aluminium chloride.



In the aluminium chloride control (7D, 8D), degenerating pyramidal cell with pale staining nuclei granule cells and
pyknotic glia cells were observed, whereas with AICI3/MP25 (7E & 8E) and AICIs/MP50 (7F & 8F) reversal of
neuronal injury and preservation of Nissl bodies.

Figure 7: Representative photomicrograph of haematoxylin and Eosin-stained sections of the rat cerebral cortex. Observed were numerous granule
cells (GC), pyramidal cells (PC), and neuroglia cells (NG) in rats in the control (7A), MP25 (7B) and MP50 (7C) groups. In the groups administered
AICI3 (7D) pale staining pyramidal and granule cells were observed with reversal of these changes with AICIs/MP25 (7E) and AICIs/MP50 (7F)
respectively Mag X400.

Figure 8: Photomicrograph of cresyl violet stained sections of the rat cerebral cortex (X400). The photomicrographs show neurons scattered within
the Nissl substance. Control (8A), MP25 (8B), MP50 (8C), AICI3 (8D), AICI;/MP25 (8E) and AICI3/MP50 (8F) Magnification x400

4 Discussion

This study evaluated the effects of Muira puama (MP) on changes in neurobehaviour, biochemistry, and
histomorphological markers of brain integrity. The results revealed that MP exhibited a counteractive effect against
the toxic actions of aluminium chloride. Exposure to AICls markedly reduced body weight, feed intake, behavioural
parameters, antioxidant capacity and anti-inflammatory markers; while it increased malondialdehyde and TNF-a
levels. The administration of Muira puama reversed the deleterious effects of AICI; across a number of parameters,
including body weight, food intake, behavioural assessments, oxidative stress indicators like malondialdehyde
(MDA), total antioxidant capacity (TAC) and inflammatory markers like TNF and IL-10. There were also
improvements in the histopathological architecture of the brain tissue. In this study, exposure to AICls significantly
reduced body weight and feed intake corroborating reports of studies that had also associated exposure to AICI3 with
weight loss [15, 16, 17]. Aluminium chloride exposure was also associated with decreased feed intake. however, these
reductions in body weight and feed intake were reversed by Muira puama.

Aluminium chloride has been reported severally to cause neurodegenerative changes in different regions of the brain
including the hippocampus, cerebellum and prefrontal cortex [17, 18, 19]. In this study AICl3 exposure was associated
with behavioural and histomorphological evidence of neurodegeneration. Supporting these previous studies.
Locomotor activity, rearing and self-grooming decreased with AICls exposure, suggesting a central inhibitory effect.
Spatial working memory also decreased while anxiety related behaviours increased significantly. The central
inhibitory response to, and memory deficits observed with AICI3; exposure have been attributed to alterations in
neurotransmitters such as dopamine, serotonin and acetylcholine [16, 20]. Studies have demonstrated that cholinergic
dysfunction exacerbates the loss of motor activity and self-grooming behaviours, while loss of dopaminergic
transmission in the nigrostriatal pathway has been suggested to contribute to deficiencies in motor control and
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exploration [16, 20]. Alterations in behaviour have also been attributed to increased inflammation and oxidative stress
which was also observed in this study. Aluminium chloride toxicity has been associated with the disruption of regular
neurotransmitter signalling [20, 21]. In this study, we also observed that these behavioural deficits were considerably
reversed with Muira puama. Several studies have reported the ability of MP to ameliorate central nervous system
disorders like anxiety, memory loss, depression and neuronal injury [22, 23, 24]. These effects have been linked to its
ability to inhibit acetylcholinesterase, enhance antioxidant capacity, and modulate neurotransmitters [22, 23, 24]. The
antioxidant properties of Muira puama which were also observed in this study have been previously reported. Reduced
oxidative stress has also been shown to protect the dopaminergic and cholinergic systems that are essential for motor
and exploratory activity [25]. Anxiety response was also reversed by muira puama administration in this study. Muira
puama has been reported to modulate serotonin and gamma aminobutyric acid, neurotransmitters which have been
implicated in anxiety response [26, 27].

AICl; treatment increased levels of the pro-inflammatory cytokines (TNF) in the brain, while Muira puama modulated
this increase. Current research has shown that exposure to metals like aluminium increased TNF-a, and the pro-
inflammatory 1L-10 [28]. The build-up of AICI; causes mitochondria to release cytochrome C, which in turn raises
the production of pro-inflammatory cytokines and free radicals. Moreover, it increases TNF-o and IL-10 gene
expression [29]. Furthermore, an increase in the variability of inflammatory markers like TNF-a and IL-10 may be a
sign of neurotoxicity brought on by AICl; [20]. Additionally, by reducing the synthesis of inflammatory chemokines
and cytokines, Muira puama has been demonstrated to reduce neuroinflammation, a characteristic in the
pathophysiology of AICIs neurotoxicity diseases like Alzheimer's Disease (AD) [30]. Muira puama is known to
suppress the expression of inflammatory genes in microglia. Our findings show that Muira puama considerably
reduced both inflammatory markers (TNF and I1L-10) to levels comparable to those of the control group.

The neuroprotective effects of Muira puama against AlCls-induced neurotoxicity are also supported by the result of
histomorphological assessment. In the groups administered AICls, histological evidence of neuronal injury was
observed in keeping with previous studied that had demonstrated evidence of AICl-induced neurodegenerative
changes [15, 18, 31]. Muira puama was also observed to have reversed some of the neurodegenerative changes due
to AICL. The neuroprotective effects of MP have been attributed to its potent antioxidant and anti-inflammatory
potential as well as its ability to modulate brain neurotransmitters [24, 32].

Conclusion

Muira puama administration showed significant potential in mitigating the histological and behavioural effects of
aluminium chloride. Its administration was associated with improved locomotion, reduced anxiety, and
preservation of the integrity of the cerebral cortex, thus targeting critical aspects of behavioural manifestations of
neurodegenerative diseases. The ability to regulate oxidative stress, cytokine activity (IL-1p and IL-6), and
antioxidant levels highlights its significant therapeutic benefits. The findings indicate the potential of Muira puama
as a potential agent for managing neurodegenerative diseases and associated impairments.
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