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ABSTRACT

Memory impairment is a neurodegenerative condition that is associated with poor cognition. Aluminium chloride
(AICIs5) is a neurotoxic agent that disrupts the structure-function of the brain, leading to impaired cognition and
memory. Buccholzia coriacea is traditionally reputed to boost memory. This study aimed at testing the
aforementioned hypothesis through the use of B. coriacea seed and vitamins C and E on AlCls-induced memory
impairment in adult albino rats. Twenty-five female rats were divided into five groups of five rats each. Each
group was administered: distilled water (control group), 1 ml/kg BW olive oil, 100 mg/kg BW AICI; (negative
control), 100 mg/kg BW AICI; followed by 100 mg/kg BW vitamins C and 1000 1U/kg BW of vitamin E and the
last group received 200 mg/kg BW of B. coriacea after 100 mg/kg BW AICl; administration for 28 days. AICl;
administration lead to impaired memory and spatial learning. Treatment with B. coriacea improved memory and
improved memory retention and modulated brain oxidative stress levels as observed from the depleted level of
malondialdehyde and increased levels of the oxidized glutathione peroxidase and superoxide dismutase levels of
the hippocampus. In conclusion, our study demonstrates that the use of B. coriacea is a promising plant for
reducing oxidative stress, neurotoxicity, and for memory enhancement.
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neurodegenerative diseases (which is a constellation

INTRODUCTION

Neurotoxicity occurs when neuronal cells or nervous
tissues are exposed to neurotoxins. Neurotoxicity can
also be defined as any harmful effect on the structure,
function or biochemistry of the nervous system during
development or at maturity, elicited by physical or
chemical factors®. Various chemical substances have
been known to elicit neurotoxicity in humans and as
experimental tools to produce damage to the nervous
system in animals. Exposure to heavy metals (such as
lead, mercury, and AICIs), pesticides, insecticides,
radiation treatment, certain food additives, naturally
occurring substances as well as chemotherapy can
result into neurotoxicity?. Some toxins can lead to loss
of neurons (neuronopathy), loss of glial cells, damage
to neuronal axon (axonopathy) or any other form of
gliopathies. Neurotoxicity ~ can lead to
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of disorders characterized by gradual and persistent
loss of neuronal function). The etiology of
neurodegenerative  diseases is  multifactorial,
involving a byzantine combination of genetic and
environmental factors such as aging process, as is the
case with Alzheimer’s disease.

Aluminium is considered as one of the ubiquitous
metals on earth, ranked as the third most abundant
after oxygen and silicon. The environmental level of
aluminium has increased tremendously®, thanks to
intensive growth in aluminium industries*. Common
sources of aluminium contaminants include diet®,
accounting to over 90% of the total body aluminium,
ambient air, drinking water, cosmetics and
medications especially antacids*®-°, Other indirect risk
factors for aluminium toxicity include occupational
hazards (for people working in aluminium industries)
and vaccination (especially in vaccines with
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aluminium adjuvants). Aluminium has been reported
to be toxic to humans® leading to both
neurodegenerative and neurodevelopmental disorders.

Exposure to aluminium has been reported to cause
neurodegenerative disorders by adversely affecting
various biomolecules associated with
neurotoxicity’®tt,  Aluminium is also known to
catalyze oxidative stress (either during cellular
respiration or by inflammatory cells in response to
invading pathogens), deposition of amyloid beta (Ap)
oligomers and production of plaques in the
hippocampus and cerebral cortex2. Hence, AICI3-
induced neurodegeneration in rats is a good model for
understanding the neuroprotective effects of
phytochemicals. The abundance of aluminium in the
environment, food and daily life activities make it
almost inevitable for exposure!34

Researchers have shown that an array of plant-
originated phytochemicals have neuroprotective
potentials and further identification of such compound
may be an effective strategy for decreasing
neurodegenerative disorders. For instance, B.
coriacea seeds have been reported to have
hypoglycaemic, anti-microbial and anti-hypertensive
effects'>8,  Furthermore, its bark has been
traditionally reputed for the treatment of pleurisy,
sinusitis, bronchitis, headache, kidney pains,
ophthalmia and nasal congestion. Results of the
phyto-constituent studies of B. coriacea revealed that
the seeds are rich in tannins, saponins, alkaloids and
flavonoids 1°2°, Several medicinal plants with
neuroprotective properties have been reported to be
rich in these phytochemicals 22, Other phyto-
constituents that have been reported to have
neuroprotective effects are: thymol (a monoterpene
phenol that is commonly isolated from medicinal
plants), which has been shown to have good
neuroprotective effects by enhancing cognitive skills
in a model of dementia®?® and thymoquinone, the
active phytochemical in Nigella sativa which has been
reported to ameliorate learning dysfunction, increased
number of neurons, reduction in plague formation in
the hippocampus and protect pyramidal cells from
neurotoxic insults of Ap?"2, Another phytochemical
that has been reputed for its neuroprotective property
is morin, a pale yellow crystalline polyphenol, readily
found in several vegetables and fruits?®; in addition to
having neuroprotective  properties, also has
antibacterial, antitumoral and anti-inflammatory
effects 3. Furthermore, phytochemicals can exert
neuroprotective effects through reactive oxygen
species®.  Although many researchers have
investigated the health benefits of B. coriacea, its
neuroprotective benefits still require comprehensive
attention. Knowledge of the neuroprotective effects
promises to enhance therapeutic and preventive
strategies for neurological disorders such as Parkinson
and Alzheimer’s diseases.
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Vitamin C, also known as L-ascorbic acid, is a water-
soluble vitamin that is naturally present in some fruits.
It is also available as a dietary supplement but it is
easily destroyed by heat and its potency is reduced by
prolonged storage®. Humans, unlike most animals,
are unable to synthesize vitamin C endogenously, so
it is an essential dietary component3334,

Vitamin E is a generic name for tocopherols and
tocotrienols. Tocopherol contains saturated phytol
side chains and tocotrienol has 3 double bonds in its
side chain *%, The alpha-tocopherol form of vitamin
E is an important lipid-soluble antioxidant. In the
brain and other tissues, alpha-tocopherol plays a key
role in preventing oxidant-induced lipid destruction
and is, therefore, vital in maintaining the integrity of
cell membranes %3, Accordingly, vitamin E
deficiency causes lipid peroxidation in brain tissues.
The study aimed at investigating the possible
neuroprotective effect of B. coriacea following AICls-
induced neurotoxicity in a rat model.

MATERIALS AND METHODS
Animals and grouping

Female albino rats used in this study (160 — 190 g in
weight), 8 — 9 weeks old were purchased from the
animal house of the Department of Human
Physiology, Bingham University, Karu, Nasarawa
State, Nigeria. Rats were kept in plastic cages (5 rats
per cage) in a room with ambient temperature of about
28 + 1°C and had free access to food and water ad
libitum and 12 hours light-dark cycle with all
experimental procedures conducted during light
phase. Tail tagging was used to differentiate rats in
each group. The study protocol, animal treatment and
handling methods were reviewed and approved by
Bingham University Committee on Ethics. Further, all
experimental procedures were conducted in keeping
with the relevant regulations and guidelines for the
Care and Use of Laboratory Animals as published by
the National Institutes of Health.

Five groups (I — V) of five animals per group were
randomly assigned into:

Group I: the rats were the positive control and were
administered distilled water for 28 days.

Group I1: were orally administered 1 ml/kg BW of
olive oil for 28 days.

Group I11: were orally administered 100 mg/kg BW
of AICI; for 28 days and considered as negative
control.
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Group IV: were orally administered 100 mg/kg BW
of AICI; for 21 days followed by 200 mg/kg BWof
ethanolic extract of Buccholzia coriacea for 28 days.

Group V: were orally administered 100 mg/kg BW of
AICI; for 21 days followed by 100 mg/kg BW and
1000 1U/kg BW of vitamins C and E respectively for
28 days.

Drugs and chemicals

Ascorbic acid tablets (100 mg/tablet) (Med Vitamin
C, Dol-Med Laboratories Limited, Lagos, Nigeria)
were obtained from a Pharmaceutical store in
Nasarawa state, Nigeria. Each tablet was dissolved in
20 ml of distilled water to obtain 100 mg/kg
suspension. Vitamin E (1000 IU/capsule) (karma
PharmaTech Ltd) was also obtained from a
pharmaceutical store in Nasarawa state, Nigeria. Each
vitamin E tablet was dissolved in 700 ml of olive oil.
Olive oil was obtained from a pharmaceutical store at
Mararaba market, Nasarawa state, Nigeria. All
chemicals used for this study met analytical grade.

Fresh seeds of Buccholzia coriacea were obtained
from Lagos State, Southwest Nigeria, and were
authenticated at the Department of Botany, University
of Lagos, Akoka, Lagos, Nigeria. The Voucher,
Capparaceae LUH 8022, specimen was deposited at
the herbarium of the Department of Pharmacognosy,
Faculty of Pharmaceutical Sciences, University of
Lagos, Akoka, Lagos, Nigeria. The seeds were dried,
grated into tiny pieces, and then ground into a rough
powder. Cold maceration was used for extraction.
With intermittent shaking every two hours, one
kilogram of the plant material was extracted in
distilled water for 72 hours. Whatman No. 1 filter
paper was then used to filter the extract. A freeze dryer
was used to lyophilize the filtrate after it had been
concentrated using a rotary evaporator (Rota vapor R
210, Biichi, Switzerland) at 40°C. Before use, the
yield was calculated and the extract was kept in
sample containers in a refrigerator at 4°C.

Neurobehavioural Assessments
Morris Water Maze (MWM)

The MWM was used to study spatial navigation as
previously described ¥. Briefly, animals were placed
in a pool of circular water tank (180 cm in diameter
and 90 cm deep). The water tank was half-filled with
pipe-borne water and subsequently coloured opaque
with non-toxic tempera paint. The animals were
expected to find the hidden platform. The pool was
divided into four equal quadrants (east, west, north
and south) as starting positions. The escape platform
is 10 cm in diameter and 2 cm below the water level
at a fixed position in the centre of one of the quadrants.
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The animals were gently lowered into the water tail-
end by supporting it with the hand. The animal is
gleefully allowed to search for the escape platform for
a maximum of one minute, although it was guided to
the target arm if unable to find the escape platform at
the end of 60 seconds. Also, each animal was allowed
to spend 20 seconds on the target arm to explore its
location based on the visual cues. During memory test,
each rat was given one minute to spot the escape
platform (with 20 seconds to rest on the platform). An
error will be recorded in an event the rat entered
another arm other than the escape platform. Also, the
amount of time it took each rat to locate the escape
platform (escape latency) was also recorded in
seconds.

Probe trials to test memory

After training was completed, probe trial was
conducted in which the escape platform was removed
from the pool, and the animal were allowed to swim
for one minute to search for the escape platform.
Typically, a well-trained rat will swim toward the
position of the escape platform repeatedly. The
number of crossings through the position of the escape
platform was counted and recorded. This spatial bias
constitutes evidence for spatial memaory.

Tissue preparation and assembly

Blood samples were collected from the retro-orbital
venous sinus under light anaesthesia. Subsequently,
the animals were euthanized with a high dose of
ketamine (100 mg/kg) before sacrifice. Brain tissues
were dissected out and placed on a filter paper soaked
with normal saline. The filter paper was then placed
on a glass plate filled with crushed ice. Both lobes (left
and right) of the hippocampus were separated from
other parts of the cerebral cortex and placed in
Eppendorf tube earlier pre-labeled for easy
identification. The tubes were stored in a refrigerator
at 4°C until further analysis. Five samples of brain and
blood tissues were collected per group for
histopathological studies. The blood tissue was used
for biochemical analyses.

Histopathological assessment

The brain tissues of the hippocampus were rinsed with
isotonic sodium chloride solution, then homogenized
in phosphate buffer (200 pl). The homogenization
buffer was prepared by the mixture of two tablets of
protease inhibitor and one phosphate buffered saline
tablet in 200 ml distilled water. Next, the mixture of
homogenized buffer and tissues were centrifuged at
15000xg for 600 seconds at 4°C in order to remove
undissolved tissues from the buffer and hence
remained insoluble. Consequently, the supernatant
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from the preceding step was collected and stored till
further analysis.

Colorimetric analysis

The brain tissue homogenates were assessed for
oxidative stress biomarkers. Total GSH-Px, SOD and
malondialdehyde were measured by commercially
available colorimetric assay kits based on Kkit’s
manufacturer’s protocols. For each assay, the
absorbance was measured spectrophotometrically at
specified wavelength in each assay kit for the three
oxidative stress biomarkers.

Data analysis

Results are expressed as mean + SE and graphs.
Analysis of variance was used to compare means
across groups. Where statistically significant
difference is observed, this was followed by John
Tukey’s Honest Significant Difference test for
pairwise comparisons. All statistical analyses were
performed using Statistical Product and Service
Solutions (IBM SPSS Statistics for Windows, Version
27.0. Armonk, NY: IBM Corp). A two-tailed
statistical probability below 0.05 was considered
significant.
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RESULTS

Morris water maze was conducted to evaluate memory
deficit by examining average escape latency to locate
escape platform in experimental rats. The rate of
errors during the learning phase was high in the first
trials for all groups. Nevertheless, this rate decreased
significantly (P <0.001) with subsequent trials (Figure
1 A). All rats, irrespective of group, demonstrated
ability to learn with an increase in rhe number of trials.
We therefore conclude that the rats demonstrated the
ability to learn with time, although this ability to learn
differed significantly across groups (P <0.001).
Intriguingly, our findings revealed that prophylactic
administration of B. coriacea, vitamins C and E
attenuated memory loss induced by AICI;. However,
olive oil by itself had no significant effect on memory
compared to the control rats (P > 0.05).

Additionally, we measured the level of memory
retention abilities of the rats (probe test) (Figure 1B).
Analysis of our results showed that memory retention
was significantly disrupted or reduced by the group
administered AICI; compared to other groups either
not administered AICI; or groups treated with BC or
vitamins. We found that rats in the B. coriacea and
vitamins C and E demonstrated more crossings over
the platform location than animals in the AICl3 group
(P <0.001). The result suggests that B. coriacea was
able to attenuate the probable lesions on the
hippocampus, dentate gyrus and/or subiculum due to
AICl3 insults, hence, the higher spatial bias among the
B. coriacea and vitamins C and E groups.

109



Joy Yisa', Abigail Abraham*, Monday Nwankwo?*, Arinola Sanyaolu Omolara® and Florence Opeyemi Opoola®

A. Morris water maze test
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Figure 1:

Effects of B. coriacea and vitamins C and E on AlCls-induced neurotoxicity. Rats were treated

with or without AICl; (100 mg/kg/BW/day) or co-treated with extract of B. Coriacea or vitamins
Cand E. (A): Effect of extract and vitamins on escape latency to enter the target quadrant of the
Morris maze. Escape latency of treatments with different letters are significantly different at P
<0.05 per trial. Escape latency significantly decreased with increase in number of trials (P
<0.05). (B): Effect of the extract and vitamins on memory retention test. findicates significant
difference compared with 1st trial (P <0.001); #indicates significant difference compared with

the control group (P <0.001).

Figure 2 represents the effect of B. coriacea extract on
hippocampal antioxidant status in the rats. From the
results, it seems that the administration of AICl;
induces oxidative damage in rats. Such as high
concentrations of pro-oxidant status indicator (MDA)
(Figure 2A) and a significant decrease (P <0.001) in
activities of antioxidant enzymes (GSH and SOD)
(Figures 2B and C). The AlCls-treated group showed
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a significantly higher level of MDA (P <0.001) and a
significantly lower levels of GSH and SOD compared
to other groups (P <0.001). Treatment with extract of
B. coriacea and vitamins C and E resulted in a
significant decrease (P <0.001) of MDA level when
compared with the negative control group and a
significant increase (P <0.001) in levels of SOD and
GSH in the hippocampus when compare to rats in the
negative control group.
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A. Levels of malondialdehyde
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Figure 2:

Effect of Buccholzia coriacea and vitamins C and E on oxidative stress markers in the

hippocampus. In general, the administration of B. coriacea and vitamins C and E led to
significant depletion of MDA level (P <0.001) and significant improvement in the levels of
SOD and GSH levels (P <0.001). (A): MDA- malondialdehyde; (B): SOD — superoxide
dismutase; (C): GSH —glutathione peroxidase.

The histological analysis of the hippocampus (at the
CAL1 level) of the rats in the control group, showed a
normal pyramidal layer form of densely packed
rounded neurons containing large vesicular nuclei.
The histology of the AICIs-intoxicated group showed
degenerating neurons with pyknotic nuclei, neuropil
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vacuolation. The plate for the olive oil group however,
showed several normal pyramidal cells with few
pyknotic nuclei. Also, the AICI;+ B. coriacea group
show several normal pyramidal cells and few pyknotic
nuclei. The group administered AICI; + vitamins C
and E showed several pyramidal neurons containing
large vesicular nuclei, few degenerating neurons with
pyknotic nuclei and neuropil vacuolation.
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Analysis of the histology of the hippocampus (at the
CA4 level) of the rats is shown in Figure 4. The
control group shows densely packed rounded neurons
containing large vesicular nuclei. In the AICI; + olive
oil group, there were several normal pyramidal cells.
The AICI; group showed degenerating neurons with
pyknotic nuclei, neuropil vacuolation.
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Photomicrographs of the histological changes in the CA1 sections of the hippocampus. H and

There were several pyramidal neurons containing
large vesicular nuclei, few degenerating neurons with
pyknotic nuclei, neuropil vacuolation in the AICI; +
vitamins C and E groups. The AICl; + B. coriacea
group shows several normal pyramidal cells, very few
pyknotic nuclei head and vacuolation.
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Figure 4:

Photomicrographs of the CA4 sections of the hippocampus. H and E (x 100); Vitamin C+E and

wonderful kola supplementation prevented brain damage and enhanced the improvement of
memory performance; however, wonderful kola did slightly better.

DISCUSSION

The present study evaluated the protective an
ameliorative effects of B. coriacea extract against
AICls-induced neurotoxicity in albino rats. Animal
models are commonly used to assess neuroprotective
effects of phyto-constituents that could have
prophylactic  effects against neurodegenerative
diseases. Neurodegenerative diseases such as
Alzheimer’s disease are associated with abnormal
cognition, and gradual pathological changes in the
brain that lead to clinical symptoms of declining
memory, functional capacities and subsequent
physical changes. Common pathological changes of
Alzheimer disease are decline and loss of neurons
resulting to brain atrophy 3840, B. coriacea is
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popularly called wonderful kola due to its wide
ethnomedicinal value for the treatment of various
diseases such as high blood pressure, type 2 diabetes
mellitus, influenza, infections, etc. In the present
study, we investigated the ameliorative and
neuroprotective effect of B. coriacea to prevent the
deleterious effect of AICIs-induced neurotoxicity in
albino rats through neurobehavioral test, measuring
some oxidative  stress biomarkers  and
histopathological evaluation of brain tissues.
Administration of AICI; induced memory disorder as
evidenced in this study. However, administration of
the B. coriacea extract and a combination of vitamins
C and E prevents memory deficit by a reduction in
escape latency time and increasing the number of
crossings through the location of the escape platform.
The decrease in escape latency and increase in the
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number of crossings through the target quadrant is
indicative of improved memory function 4.

B. coriacea seeds from earlier reports have been noted
to enhance memory retention*>*® by encouraging the
formation of new synapses in the brain thereby
improving memory and cognition. The combined
supplementation of vitamins C and E have been
reported to help better in retention of learning/memory
as against taking them singly.

AICIs-induced neurotoxicity may be associated to
neurodegeneration caused by elevated oxidative stress
(Figure 2) and depletion of intracellular signal
transduction pathways #4. AICls inflicts its neurotoxic
insults by creating an intracellular oxidative platform,
a condition suitable to key complications and diseases.
The results of our study showed that chronic exposure
to AICI; significantly increased the level of MDA and
decreased the level of SOD and GSH. Long-term
exposure to AICl; oxidation leads to stress and
changes in the antioxidant enzymes in the
hippocampus. Elevated levels of MDA suggest the
impact of cellular damage caused by free radicals
induced by the toxicity of AlCls. Similar findings have
been reported by Yuan et al., who stated that AICI3
lead to increased concentration of MDA in the
hippocampus and frontal cortex of animals
administered with daily dose of AICI; via oral route®.
Administration of B. coriacea elevated the levels of
defensive antioxidant enzymes (SOD and GSH) with
concomitant decrease in MDA, an indication of
restoration of oxidative stress markers in the
hippocampus. SOD plays a key role in the
detoxification of the superoxide radical to hydrogen
peroxide by glutathione peroxidase in lieu of GSH.
The depleted level of SOD activity may have been as
a result of oxidative modification of proteins.
Administration of B. coriacea following AIClI;
neurotoxicity significantly prevented the reduction in
GSH levels, suggesting that B. coriacea is effective in
preventing oxidative damage related to AICls
exposure. Therefore, we can hypothesize that the
likely surge of these enzymes could be a mechanism
through which B. coriacea combats AICIs-induced
neurotoxicity. Administration of B. coriacea to AICl;
treated albino rats significantly counterbalance
antioxidant markers to normal levels. This promising
effect of B. coriacea on the defense against oxidative
stress is perhaps due to the phyto-constituents of its
secondary metabolites, including tannins, saponins,
alkaloids and flavonoids °2°. Previous studies have
shown that because of the antioxidant properties of
flavonoids, it can deplete neurotoxicity of AICls, BA
and hydrogen peroxide perhaps through antioxidant
mechanism and through the inhibition of
oligomerization of BA“®.

The present study showed pyknosis of hippocampal
cells and necrosis of cells in adult albino rats
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administered with AICI; (negative control), while the
layers and cells of hippocampus of the control group
showed normal histology. Researchers such as
Adelodun et al. reported AICIlz impairment in brain
architecture and function following AICI; exposure®’.
Our study has revealed some therapeutic effect of B.
coriacea on the hippocampus in the experimental
animals induced with AICI; toxicity. The histology of
the hippocampus of albino rats in the group
administered 100 mg/kg BW of AICI3 followed by
200 mg/kg BW of ethanolic extract of B. coriacea for
28 days showed many viable cells with few necrotic
cells. Also, the histology of the group administered
100 mg/kg/BW of AICI; followed by 100 mg/kg of
vitamin C and 1000 1U/kg BW of vitamin E also
showed many viable cells with few necrotic cells.
Administration of B. coriacea and co-administration
of vitamins C and E have shown some improvement
in the hippocampus when compared to rats exposed to
AICl; only. The present findings showed that B.
coriacea and co-administration of vitamins C and E
have reduced the impairment made to the
hippocampus and this is in keeping with the fact that
natural compounds that are rich in antioxidants help to
ameliorate stress, hence alleviating the effect if
oxidative compounds “8, Adelodun et al. obtained
similar results when they evaluated the effects of B.
coriacea on induced neurotoxicity by AICI; exposure
in the CA3 hippocampal subfield of rats #’. They
reported no histopathological lesions sequel to
treatment with B. coriacea for two weeks. A Study
carried out by Abraham and colleagues also reported
the efficacy of wonderful kola as a memory booster
restoring the degenerated pyramidal and granular
cells, however, scopolamine was used to induce
neurodegeneration in the rats .

CONCLUSION

In conclusion, our findings suggest that B. coriacea
and vitamins C and E could be beneficial in countering
AIClz-induced neurotoxicity. B. coriacea and
combination of vitamins C and E have promising
prophylactic properties to be further tested as potential
remedies for the treatment of diseases associated to
oxidative stress, such as Alzheimer’s disease.
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