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OPEN ACCESS ABSTRACT
Aluminium (Al) is a known toxic metal linked to oxidative damage and neurodegeneration.
*
CORREséggeDrf JXC];E Hence, the antioxidant and neuroprotective effects of aqueous Theobroma cacao seed extract

(CO) in aluminium chloride-exposed Wistar rats was examined. The study consisted of six
(6) groups containing six (6) Wistar rats each. Group A (Control) received 1 ml of distilled
water/day. Group B (Al) received 100 mg/kg body weight (BW) of Al only. Group C
received 250 mg/kg BW/day of CO and 100 mg/kg BW of Al. Group D received 500 mg/kg
BW of CO and 100 mg/kg BW of Al. Group E received 250 mg/kg BW of CO only. Group F
received 500 mg/kg BW of CO only. The administration was via an orogastric tube for 28
days after which the Novel Object Recognition (NOR) neurobehavioral test was conducted.
Thereafter, the rats were sacrificed and the hippocampi were harvested for antioxidant and
histological evaluations. A significant decrease in the antioxidant enzymes activities, final
body weight and neurobehavioural functions were observed in the rats treated with Al only
following comparison with the control and CO-treated groups. However, CO protected
against these Al-induced effects. Also, several histological alterations were observed in the
Al groups, whereas control and CO-treated groups were relatively normal. Taken together,

CO had potent antioxidant and protective activities against Al-induced toxicity in the
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INTRODUCTION

Aluminium, a universal element, is often considered as the
third most frequent element on Earth (Mitkus et al., 2011).

toxicity include the hippocampus, cerebellum and cerebrum
(Yuan et al., 2012). A strong association exists between

Human contact with aluminium occurs via medication,
utensils, food, water as well as air and its widespread
presence, both in foodstuffs and the environment, makes it
virtually impossible to avoid (Rahimzadeh et al., 2022).
Aluminium is neurotoxic to humans causing neuronal
degeneration and apoptosis which impedes recognition and
lowers the capacity for learning and memory (Dey ef al.,
2022). Reports indicate that the targets of Aluminium

Copyright © 2023 Okhah and Enogieru. This is an open access article
distributed under the Creative Commons Attribution License CC BY-NC
4.0, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

aluminium Alzheimer’s  disease  and
neurodegeneration (Kandimalla et al., 2016; Maya et al.,
2016). A primary mechanism underlying aluminium-induced
neurotoxicity is oxidative stress which is typified by a pro-
oxidant/antioxidant imbalance. Aluminium’s pro-oxidant

activity induces protein and lipid oxidation, excessive free

exposure,

radical production and oxidative stress, thus resulting in its
toxic effects (Exley, 2013). Antioxidants are reported to
enhance cellular defence and mitigate oxidative stress
(Enogieru et al., 2018; Enogieru and Momodu, 2021).
Recently, Theobroma cacao (Cocoa) has become a focus of
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investigation due to its diverse oxidant-attenuating and anti-
cancer activities (Baharum et al., 2016).

Cocoa and its constituent parts have been used in the
treatment of diseases and have been reported for
pharmacological properties including anti-malarial, anti-
hypertensive, anti-diabetic, and anti-influenza effects (Kim
et al., 2011; Ishaq and Jafri, 2017). Catechins and
oligomeric procyanidins, found in Cocoa, have noteworthy
inflammation-attenuating activity and polyphenols from
cocoa exhibit strong radical scavenging effects (Andujar et
al., 2012). Additionally, flavanols, from Cocoa, are reported
to be useful in the management of dementia and stroke in
elderly humans (Sorond et al., 2008). However, there is a
dearth of literature evidence on the protective role of
seed against aluminium-induced
hippocampal toxicity in animal models. Consequently, this
study aimed to investigate such activity in Wistar rats.

Theobroma  cacao

MATERIALS AND METHODS

Extract preparation

Purchase of Theobroma cacao seeds were from the Isinkan
market in Akure, Ondo state, and authenticated at the
University of Benin (Department of Plant Biology and
Biotechnology), with UBH-T562 as the authentication
number. The seeds (dried) were powdered using an
industrial grinding machine and thereafter 2 kg was soaked
in 10 litres of distilled water and was extracted for Twenty-
four hours. Thereafter, filtration of the extract was via a
Whatman’s filter paper before freeze-drying (LGJ-10,
SearchEquipment, UK) of the filtrate to get a dried powder.

Phytochemical investigation

Qualitative phytochemistry of Cocoa seeds was carried out
using standard methods (Trease and Evans, 1983; Sofowora,
1993). Compounds such as tannins, phenols, flavonoids,
steroids, saponins, terpenoids, carbohydrates,
phylobotannins, and alkaloids were investigated.

Acute toxicity study

The acute toxicity study followed previously reported
methods (Lorke, 1983; Enogieru and Inegbedion, 2022).
Examination for behavioural deviations and death was done
for seventy-two hours.

Experimental rats

Thirty-six (36) Wistar rats, weighing between 150-180 g
were bought and accommodated in Anatomy Department,
University of Benin, Nigeria. The rats were nourished with
standard rat chow (Bendel livestock feed, Edo state, Nigeria)
and water freely. Acclimatization was for fourteen days
prior to the start of the study.

Experimental design

Group A (Control) received 1 ml of distilled water/day.
Group B (Al) received 100 mg/kg body weight (BW) of
Aluminium (Al) only. Group C (Al + COl) received 250
mg/kg BW/day of aqueous Theobroma cacao seed extract
and 100 mg/kg BW of Al. Group D (Al + CO2) received
500 mg/kg BW of aqueous Theobroma cacao seed extract
and 100 mg/kg BW of Al. Group E (CO1) received 250
mg/kg BW of aqueous Theobroma cacao seed extract only.
Group F (CO2) received 500 mg/kg BW of aqueous
Theobroma cacao seed extract only. Pretreatment with
aqueous Theobroma cacao seed extract was done sixty
minutes before the rats received Al daily for twenty-eight
days.

Evaluation of neurobehavioural activity

The novel object recognition test was carried out in a piece
of open wooden equipment (80 x 60 x 40 cm) as previously
reported (Pitsikas et al., 2001; Enogieru and Omoruyi, 2022;
Enogieru and Egbon, 2022). Briefly, a
exploration of the apparatus was permitted on the 27% day of
the experiment. Twenty-four hours later (test day), a five-
minute test (T1) was done, with 2 familiar objects (FO1 &
FO2). Another five-minute test (T2) was done and FO2 was
substituted with a new object (NO) and FOl and NO
exploration times were documented. The discrimination
between FOl and NO was calculated as follows: DI =
NO—-FO1/NO + FOl.

two-minute

Evaluation of weights

Following the sacrifice of rats under low-level ether
anaesthesia, the brains of experimental rats were removed
and weighed. The relative weight of the brain (%) was
calculated as previously reported (Kim et al, 2008).
Thereafter, the hippocampus was dissected out and each half
of the hippocampus contained in the hemispheres of the
brain was wused for biochemical and histological
investigations, respectively.

Evaluation of biochemical parameters

Homogenization of the hippocampus was done in ice-cold
20 Mm Tris-HCI buffer (pH 7.4), and centrifuged at 10,000g
for ten minutes at 4°C (Montilla et al., 2005). The resulting
supernatant was utilized for the evaluation of
malondialdehyde (Buege and Aust, 1978), catalase (Cohen
et al., 1970), superoxide dismutase (Misra and Fridovich,
1972) and glutathione peroxidase (Nyman, 1959).

Histological evaluation

Following appropriate fixation (10% buffered formal saline)
of the hippocampus for seventy-two hours, processing
through the paraffin wax embedding and the hematoxylin
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and eosin staining methods were carried out as previously
described (Drury and Wallington, 1980).

Statistical analysis

A version 7 GraphPad Prism Software was utilized for data
statistics and is represented by the mean + standard error of
mean (SEM). ANOVA and Tukey’s multiple comparisons
post hoc test defined significance (p< 0.05).

RESULTS

Phytochemistry composition

Findings showed that aqueous Theobroma cacao seed
extract contained glycosides, saponins, phenolic, terpenoids,
eugenols, alkaloids, flavonoids and reducing sugar (Table 1).
However, steroids and tannins were absent.

Acute toxicity

Results showed the absence of behavioural alterations and
death at doses from 10 mg/kg to 5000 mg/kg body weight.

Body and brain weights

Results showed a significant (p<0.05) reduction in the final
body and whole brain weights of group B rats (Al) following
comparison to control. Although an increase was noticed in
the final body weight of groups C (Al + CO1) and D (Al +
CO02) following comparison to group B, it was insignificant
(P>0.05).

Table 2. Weights across Experimental Groups.

Neurobehavioural findings

Figure 1 illustrates the trial test for FO1 and FO2. In Figure
2, a significant (p<0.05) reduction was seen in the mean
exploration times of NO in group B following comparison to
control, but, a significant (p<0.05) improvement was noticed
in groups C (Al + COl1) and D (Al + CO2) when compared
to the aluminium only treated group. In Figure 3, a
significant (p<0.05) reduction was seen in T1 in group B
(Al) following comparison to control. Figure 4 shows the
discrimination index across experimental groups. Here, a
significant (p<0.05) reduction was observed in group B
following comparison to control. However, a significant
(»<0.05) rise was seen in groups C (Al + CO1) and D (Al +
CO2) following comparison to group B.

Table 1. Qualitative Phytochemical Analysis of Aqueous
Theobroma Cacao Seed Extract

Phytochemicals Results
Glycoside +
Saponins +
Phenolics +
Terpenoids +
Eugenols +
Alkaloids +
Flavonoids +
Reducing sugar +
Steroids -
Tannins -

(+) present; (-) absent

Groups Initial BW Final BW (g) Weight Change Absolute whole brain Relative brain weight

(2) (2) weight (g) (%)
Control 151.2 £ 8.261 182.2 £11.280 31.0+5.52 1.720 +0.037 1.077 £ 0.076
Al 156.8 +4.748 142.6 + 8.152* -14.2 £9.62% 1.680 = 0.037# 1.030 +0.036
Al+ CO1 150.4 +5.183 169.2 +5.267 18.8 £4.14* 1.740 +0.040 1.027 £ 0.032
Al+ CO2 151.2+£4.532 175.0 +3.962 23.8 £4.58* 1.740 £ 0.060 1.013 £0.024
CO1 152.0 £ 7.477 173.8 £ 8.303 21.8+6.73 1.740 £ 0.060 1.057 £0.029
CO2 153.0 £2.025 186.8 £ 12.640 33.8+11.32 1.720 £ 0.058 1.053 £ 0.050

# and * represents p< 0.05 following comparison to control and Al respectively.
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Figure 1. Mean Exploration Times (trial test) across Experimental Groups. (FO1 — Familiar object 1; FO2 — Familiar object 2)

FO1 NO

-

[¢,]
1
F Y
o
1

-
o
1
w
o
1

3]
1

Mean exploration time (s)
= N
o o
L L

Mean exploration time (s)

o
1

o
1

o o)
&
& <

Figure 2. Mean Exploration Times (real test) across Experimental Groups.
#and * represent p< 0.05 following comparison to control and Al respectively. (FO1 — Familiar object 1; NO — Novel object)
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Figure 3. Total Exploration Times across Experimental Groups.
#and * represent p< 0.05 following comparison to control and Al respectively. (T1 — Total exploration time 1; T1 — Total exploration time 2)
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Figure 4. Discrimination Index (DI) across Experimental Groups.

# and * represent p< 0.05 following comparison to control and Al

respectively.

Findings on antioxidants activity
A significant (p<0.05) decrease in CAT, SOD and GPx was

observed in aluminium-only treated group B following
comparison to control. However, a significant (p<0.05)
improvement in CAT, SOD and GPx was observed in
groups C (Al + CO1) and D (Al + CO2) when compared to
the aluminium-only treated group B (Figure 5).

Findings on lipid peroxidation

Aluminium-only treatment resulted in a significant (p<0.05)
elevation in lipid peroxidation (MDA) in the hippocampus
of group B rats following comparison to control. However,
the decrease in lipid peroxidation in the hippocampus was
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Figure 5. Antioxidants activity in the hippocampus.
#and * represent p< 0.05 following comparison to control and Al
respectively.
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Histological findings in the hippocampus

Histological findings in the hippocampus are shown in
Figure 6. Photomicrographs of control rats revealed normal
hippocampus histology of pyramidal cells and astrocytes
(Figure 6A). However, atrophy and vacuolation of astrocytes
and pyramidal cells were seen in group B rats treated with
aluminium-only (Figure 6B). For rats in groups C (Al +

CO1) and D (Al + CO2), the histological appearance was
similar to control, and displayed significantly reduced
atrophy and vacuolation of the astrocytes and pyramidal
cells, thus demonstrating a protective effect of Cocoa
(Figure 6C-D). It was also observed that rats treated with
aqueous Theobroma cacao seed extract only showed normal
architecture of the hippocampus (Figures 6E-F).

Figure 7. Representative Histology of the Hippocampus.

(A) Control rats revealed the normal pyramidal cells (arrows) and astrocytes (triangles). (B) Group B rats showed atrophy and vacuolated astrocytes
(arrowheads) and pyramidal cells (circles) (C-D) Group C and D rats revealed relatively pyramidal cells and few astrocytes vacuolation (E-F) Group E and F

rats revealed normal pyramidal cells and astrocytes. H&E, Scale bar: 25um.

DISCUSSION

Aluminium (Al) is ubiquitous in the environment and
exposure to it is unavoidable (Saiyed et al., 2005). It is
neurotoxic to humans and is reported to accumulate
throughout the brain especially the hippocampus (Julka et
al., 1996). Consequently, this study investigated whether
aqueous Theobroma cacao seed extract will protect against
hippocampal toxicity in Al-exposed Wistar rats. Our
findings showed that in rats treated with Al-only, there was
significant weight loss following comparison to control,
however, Al-exposure, in the present dose and duration, did
not affect relative brain weights in agreement with previous
studies (Nayak and Chatterjee, 2001; Usen and Enogieru,
2023). Reports indicate that body weight is a sensitive gauge
of toxicity (Ogueche et al., 2014). The observed reduction in
body weight might be a result of the possible meddling of Al
with normal metabolic processes; this Al-induced decrease
in body weight agrees with the previous findings (Salam et
al., 2005; Azzaoui et al., 2008; Tair et al., 2016). However,
pretreatment with aqueous Theobroma cacao seed extract
was able to mitigate the adverse effect of Al on the body
weight of rats, thus highlighting a protective activity.

The hippocampus is vital for spatial memory development
and is extremely susceptible to oxidative damage. The

preservation of the integrity of the hippocampus is essential
for the inhibition of cognitive dysfunction (Marosi et al.,
2012). Al exposure has been linked to confusion, memory
deficiencies and dementia (Parkinson ef al., 1981). NOR test
is a non-spatial working memory test, used to measure the
retention and discrimination ability of animals (Malik ef al.,
2013). Our results showed that rats in the aluminium-only
group had a decrease in the mean and total exploration times
as well as a lower discrimination index following
comparison to control. Nevertheless, in rats pretreated with
aqueous Theobroma cacao seed extract, a significantly
higher discrimination index was observed which suggests
that Cocoa improves memory and discrimination ability.
This agrees with a study demonstrating that cocoa flavonol
improves overall cognitive function and performance in
elderly subjects (Mastroiacovo ef al., 2015).

The body’s endogenous antioxidant system cooperatively
fights against and scavenges free radicals. This is achieved
through first-line defence antioxidant enzymes including
Superoxide dismutase (SOD), Catalase (CAT) and
Glutathione peroxidase (GPx), all playing an essential role
in the whole antioxidant defence scheme (Ighodaroab et al.,
2018). A significant reduction in SOD, CAT and GPx in the
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hippocampus of Al-treated rats suggests that Al can
adversely alter antioxidant activities. ~Compromised
antioxidant defences could arise from the inhibitory
activities of Al on these enzymes, thus making the cells
more vulnerable to oxidative damage. The attenuation of the
impairment of antioxidant enzymes activity in rats pretreated
with Cocoa indicates its potent antioxidant properties. This
agrees with earlier reports demonstrating that Cocoa is a
beneficial natural antioxidant source with antioxidative and
free radical scavenging activities (Lamuela et al., 2005;
Fernandez et al., 2015). Malondialdehyde (MDA) is often
utilized as a marker of lipid peroxidation. The significant
elevation in hippocampal MDA level in Al-exposed rats
indicates high lipid peroxidation activity. This agrees with
earlier reports (Exley, 2004; Yuan et al., 2012). Conversely,
the significant reduction in the hippocampal MDA level of
rats pretreated with aqueous Theobroma cacao seed extract
signifies its ability to protect against lipid peroxidation.

The histological observations show atrophy and
vacuolated astrocytes in the hippocampus of rats treated with
aluminium only. This is in agreement with Bittencourt and
colleagues in a report that aluminium causes hippocampal
neurodegeneration and atrophy (Bittencourt et al., 2022).
Hippocampal neurodegeneration and atrophy are reported to
cause learning and memory deficits (Anand and Dhikav,
2012; Gemmell et al., 2012). Pretreatment of rats with
Cocoa mitigated the histological alterations observed in the
aluminium-only group of rats, thus highlighting a protective
effect. Also, the treatment of rats with Cocoa-only did not
cause any alteration to the hippocampus and displayed a
normal histological appearance which suggests that Cocoa
was not toxic to the hippocampus of the Wistar rats. This
agrees with earlier reports demonstrating that Theobroma
cacao does not affect the brain (Kebe et al., 2019; Martin et
al., 2020).

CONCLUSION

Findings from this study highlight the antioxidant and
protective activities of aqueous Theobroma cacao seed
extract against aluminium-induced hippocampal toxicity in
adult Wistar rats. Consequently, efforts should be made to
harness and further develop this seed as a potential
neuroprotective agent that might be advantageous in the
search and development of novel therapeutic options
relevant to the treatment of Al toxicity and its related
neurodegenerative disorders.

AUTHORS’ CONTRIBUTIONS

Author ABE conceptualize the study, including compilation
of methodology; formal analysis; writing—review and
editing; and supervision. Author AAO participated in

investigation of the study and writing of original draft
preparation.

FUNDING STATEMENT

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest

ACKNOWLEDGEMENT

The authors are grateful to Mr. David Odili and Miss
Osariemen Aghedo for their technical assistance throughout
the study duration.

REFERENCES

Anand, K. S. and Dhikav, V. (2012). Hippocampus in health
and disease: An overview. Annals of Indian Academy of
Neurology, 15(4): 239.

Andyjar, 1., Recio, M. C., Giner, R. M. and Rios, J. (2012).
Cocoa polyphenols and their potential benefits for human
health. Oxidative Medicine and Cellular Longevity,
2012:23.

Azzaoui, F. Z., Ahami, A. O. and Khadmaoui, A. (2008).
Impact of aluminum sub-chronic toxicity on body weight
and recognition memory of wistar rat. Pakistan Journal
of Biological Sciences, 11(14): 1830-1834.

Baharum, Z., Akim, A. M., Hin, T. Y. Y., Hamid, R. A. and
Kasran, R. (2016). Theobroma cacao: review of the
extraction, isolation, and bioassay of its potential anti-
cancer compounds. Tropical Life Sciences Research,
27(1): 21.

Bittencourt, L. O., Damasceno-Silva, R. D., Aragdo, W. A.
B., Eir6-Quirino, L., Oliveira, A. C. A., Fernandes, R. M.
and Lima, R. R. (2022). Global proteomic profile of
aluminum-induced hippocampal impairments in rats: are
low doses of aluminum really safe?. International
Journal of Molecular Sciences, 23(20): 12523.

Buege, J. A. (1978). Microsomal lipid peroxidation.
Methods in Enzymology, 52: 302-310.

Cohen, G., Dembiec, D. and Marcus, J. (1970).
Measurement of catalase activity in tissue extracts.
Analytical Biochemistry, 34(1): 30-38.

Dey, M. and Singh, R. K. (2022). Neurotoxic effects of
aluminium exposure as a potential risk factor for
Alzheimer’s disease. Pharmacological Reports, 74(3):
439-450.

Drury, R. A. B. and Wallington, E. A. (1980). Carleton’s
histological technique 5th ed. New York: Churchill
Livingstone, Oxford University Press: pp520

Enogieru, A. B. and Egbon, F. O. (2022). Neurobehavioural
and histological alterations in lead acetate-exposed rats

Nigerian Journal of Biochemistry & Molecular Biology - 203 -

Oct-Dec 2023 | Vol. 38 | No.4



Okhah and Enogieru

Theobroma cacao protects against aluminium-induced hippocampal toxicity

pretreated with aqueous leaf extract of Vernonia
amygdalina. African Journal of Biomedical Research,
25(2): 205-213.

Enogieru, A. B. and Inegbedion, G. O. (2022). Attenuation
of oxidative stress and cognitive impairment in cadmium
chloride-exposed wistar rats pre-treated with ethanolic
turmeric root extract. The Journal of
Phytopharmacology, 11(2): 118-124.

Enogieru, A. B. and Momodu, O. I. (2021). The developing
cerebellum as a target for toxic substances: protective
role of antioxidants. The Cerebellum, 20:1-17.

Enogieru, A. B. and Omoruyi, S. I. (2022). Exploration of
aqueous Phyllanthus amarus leaf extract as a protective
agent in mercury chloride-exposed wistar rats: A
neurobehavioural study. Journal of Applied Sciences and
Environmental Management, 26(4): 629-637.

Enogieru, A. B., Omoruyi, S. I. and Ekpo, O. E. (2018).
Antioxidant and apoptosis-inhibition potential of
Carpobrotus edulis in a model of parkinson’s disease.
Journal of African Association of Physiological Sciences,
6(2): 126-135.

Evans, W. C. (2009). Trease and Evans' pharmacognosy.
Elsevier Health Sciences: pp 47-135

Exley, C. (2004). The pro-oxidant activity of aluminum.
Free Radical Biology and Medicine, 36(3): 380-387.

Exley, C. (2013). Human exposure to aluminium.
Environmental Science: Processes and Impacts, 15(10):
1807-1816.

Fernandez-Millan, E., Cordero-Herrera, 1., Ramos, S.,
Escriva, F., Alvarez, C., Goya, L., and Martin, M. A.
(2015). Cocoa-rich diet attenuates beta cell mass loss and
function in young Zucker diabetic fatty rats by
preventing oxidative stress and beta cell apoptosis.
Molecular Nutrition and Food Research, 59(4): 820-824.

Gemmell, E., Bosomworth, H., Allan, L., Hall, R.,
Khundakar, A., Oakley, A. E. and Kalaria, R. N. (2012).
Hippocampal neuronal atrophy and cognitive function in
delayed poststroke and aging-related dementias. Stroke,
43(3): 808-814.

Ighodaro, O. M. and Akinloye, O. A. (2018). First line
defence antioxidants-superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPX): Their
fundamental role in the entire antioxidant defence grid.
Alexandria Journal of Medicine, 54(4): 287-293.

Ishaq, S. and Jafri, L. (2017). Biomedical importance of
cocoa (Theobroma cacao): significance and potential for
the maintenance of human health. Matrix Science
Pharma, 1(1): 1-5.

Julka, D., Vasishta, R. K. and Gill, K. D. (1996).
Distribution of aluminum in different brain regions and
body organs of rat. Biological Trace FElement in
Research, 52: 181-192.

Kandimalla, R., Vallamkondu, J., Corgiat, E. B. and Gill, K.
D. (2016). Understanding aspects of aluminum exposure
in alzheimer's disease development. Brain Pathology,
26(2): 139-154.

Kebe, E. O., Oria, R. S., Ugwuja, J. O. and Enya, E. L.
(2019). Neurotoxicity of aqueous extract of Theobroma
cacao on the cerebellum of adult wistar rats. Acta
Scientific Neurology, 2: 72-75.

Kim, H. J., Kong, M. K. and Kim, Y. C. (2008). Beneficial
effects of Phellodendri Cortex extract on hyperglycemia
and diabetic nephropathy in streptozotocin-induced
diabetic rats. BMB Reports, 41(10): 710-715.

Kim, J., Lee, K. W. and Lee, H. J. (2011). Cocoa
(Theobroma cacao) seeds and phytochemicals in human
health. In Nuts and seeds in health and disease
prevention, Academic Press: pp. 351-360.

Lamuela-Raventos, R. M., Romero-Pérez, A. 1., Andrés-
Lacueva, C. and Tornero, A. (2005). Health effects of
cocoa flavonoids. Food Science and Technology
International, 11(3): 159-176.

Lorke, D. (1983). A new approach to practical acute toxicity
testing. Archives of Toxicology, 54: 275-287.

Malik, J., Kumar, M., Deshmukh, R. and Kumar, P. (2013).
Ameliorating effect of lyophilized extract of Butea
frondosa leaves on scopolamine-induced amnesia in
rats. Pharmaceutical Biology, 51(2): 233-2309.

Marosi, K., Bori, Z., Hart, N., Sarga, L., Koltai, E., Radak,
Z. and Nyakas, C. (2012). Long-term exercise treatment
reduces oxidative stress in the hippocampus of aging
rats. Neuroscience, 226: 21-28.

Martin, M. A., Goya, L. and de Pascual-Teresa, S. (2020).
Effect of cocoa and cocoa products on cognitive
performance in young adults. Nutrients, 12(12): 3691.

Mastroiacovo, D., Kwik-Uribe, C., Grassi, D., Necozione,
S., Raffaele, A., Pistacchio, L. and Desideri, G. (2015).
Cocoa flavanol consumption improves cognitive
function, blood pressure control, and metabolic profile in
elderly subjects: the cocoa, cognition, and aging
(CoCoA) study—a randomized controlled trial. The
American Journal of Clinical Nutrition, 101(3): 538-548.

Maya, S., Prakash, T., Madhu, K. D. and Goli, D. (2016).
Multifaceted effects of aluminium in neurodegenerative
diseases: A review. Biomedicine and Pharmacotherapy,
83: 746-754.

Misra, H. P. and Fridovich, 1. (1972). The role of superoxide
anion in the autoxidation of epinephrine and a simple
assay for superoxide dismutase. Journal of Biological
Chemistry, 247(10): 3170-3175.

Mitkus, R. J., King, D. B., Hess, M. A., Forshee, R. A. and
Walderhaug, M. O. (2011). Updated aluminum
pharmacokinetics following infant exposures through
diet and vaccination. Vaccine, 29(51): 9538-9543.

Montilla, P., Barcos, M., Munoz, M. C., Bujalance, I.,
Munoz-Castaneda, J. R. and Tunez, 1. (2005). Red wine
prevents brain oxidative stress and nephropathy in
streptozotocin-induced ~ diabetic  rats. Journal of
Biochemistry and Molecular Biology, 38(5): 539-544.

Nayak, P. and Chatterjee, A. K. (2001). Effects of
aluminium exposure on brain glutamate and GABA

Nigerian Journal of Biochemistry & Molecular Biology - 204 -

Oct-Dec 2023 | Vol. 38 | No.4



Okhah and Enogieru

Theobroma cacao protects against aluminium-induced hippocampal toxicity

systems: an experimental study in rats. Food and
Chemical Toxicology, 39(12): 1285-1289.

Nyman, M. (1959). Serum hatoglobin; methodological and
clinical studies. Scandinavian Journal of Clinical and
Laboratory Investigation, 11: 1-169.

Ogueche, P. N., Ugwu, C. E., Ezejindu, D. N., Omeje, M.,
Dike, C. C., Okonkwo, C. O. and Obidoa, H. C. (2014).
Aluminum intoxication induced biochemical and
histopathological alterations in male wistar albino rats
hepotocytes. Journal of Natural Sciences Research,
4(24): 2224-3186.

Parkinson, I. S., Ward, M. K. and Kerr, D. N. J. (1981).
Dialysis encephalopathy, bone disease and anaemia: the
aluminum intoxication syndrome during regular
haemodialysis. Journal of Clinical Pathology, 34(11):
1285.

Pitsikas, N., Rigamonti, A. E., Cella, S. G., Locatelli, V.,
Sala, M. and Muller, E. E. (2001). Effects of
molsidomine on scopolamine-induced amnesia and
hypermotility in the rat. FEuropean Journal of
Pharmacology, 426(3): 193-200.

Rahimzadeh, M. R., Rahimzadeh, M. R., Kazemi, S., Amiri,
R. J., Pirzadeh, M. and Moghadamnia, A. A. (2022).
Aluminum poisoning with emphasis on its mechanism
and treatment of intoxication. Emergency Medicine
International, 2022:13.

Saiyed, S. M. and Yokel, R. A. (2005). Aluminium content
of some foods and food products in the USA, with

aluminium food additives. Food Additives and

Contaminants, 22(3): 234-244.

Sallam, S. M. A., Nasser, M. E. A., Yousef, M. S. H., El-
Morsy, A. M., Mahmoud, S. A. S. and Yousef, M. L
(2005). Influence of aluminum chloride and ascorbic
acid on performance, digestibility, caecal microbial
activity and biochemical parameters of rabbits. Research
Journal of Agriculture and Biological Sciences, 1: 10-16.

Sofowora, A. (1993). Phytochemical screening of medicinal
plants and traditional medicine in Africa, Spectrum
Books Limited: pp 150-156.

Sorond, F. A., Lipsitz, L. A., Hollenberg, N. K. and Fisher,
N. D. (2008). Cerebral blood flow response to flavanol-
rich cocoa in healthy elderly humans. Neuropsychiatric
Disease and Treatment, 4(2): 433-440.

Tair, K., Kharoubi, O., Tair, O. A., Hellal, N., Benyettou, I.
and Aoues, A. (2016). Aluminium-induced acute
neurotoxicity in rats: Treatment with aqueous extract of
Arthrophytum (Hammada scoparia). Journal of Acute
Disease, 5(6): 470-482.

Usen, D. U. and Enogieru, A. B. (2023). Aluminium
chloride-induced prefrontal cortex toxicity in wistar rats:
evidence from pretreatment with aqueous Psidium
guajava leaf extract. Dutse Journal of Pure and Applied
Sciences, 9(3b): 1-10.

Yuan, C. Y., Lee, Y. J. and Hsu, G. S. W. (2012). Aluminum
overload increases oxidative stress in four functional
brain areas of neonatal rats. Journal of Biomedical
Science, 19(1): 1-9.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the publisher. The publisher remains neutral with regard to jurisdictional claims.

Submit your next manuscript to NJBMB at
https://www.nsbmb.org.ng/journals

Nigerian Journal of Biochemistry & Molecular Biology - 205 -

Oct-Dec 2023 | Vol. 38 | No.4



