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ABSTRACT 

 
Mercury is a toxic heavy metal that constitutes a significant environmental and health problem, with 
evidences indicating the central nervous system as the main target. This study was therefore designed 
to evaluate the effect of caffeine on the histology of the cerebellum of mercury treated Wistar rats. 
Twenty adult male Wistar rats were distributed into four groups (n=4). Administration was as follows: 
Control (distilled water, 1 ml/kg), mercury chloride (HgCl2), 16.6 mg/kg body weight, low dose caffeine 
(20.7 mg/kg) with mercury chloride (16.6 mg/kg), high dose caffeine (41.5 mg/kg) with mercury chloride 
(16.6 mg/kg). The administrations lasted for 28 days via oral route daily. Histological evaluation was 
carried out with haematoxylin and eosin, and cresyl violet stains. Beam walking test (BWT) for motor 
coordination was carried out. Alteration in the cerebellar cortex histoarchitecture seen in mercury 
chloride group was ameliorated in the groups treated with caffeine. The result of BWT test showed an 
increase in the time taken to locate the platform after mercury chloride administration but was 
decreased after administration of caffeine (p>0.05). The administration of caffeine protect against 
mercury chloride toxicity to the cerebellum of Wistar rats.  
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INTRODUCTION 
 
Interaction of man with his environment exposes him 
to a range of heavy metals (Burger et al. 2011) that 
affect major systems in the body (McDowell 2003). 
This interaction which is due to advancement in 
technology and improvement in standard of living 
brought unrestrained industrialization and urbaniza-
tion without proper emission and pollution controls 
(Bennett et al. 2003). This posed a major challenge 
to environmental safety as the heavy metals are 
widely utilized to sustain the standards of living in the 
modern world (Arif et al. 2015). Mercury chloride 
(HgCl2) is commonly found in antiseptics, antifungal 
and anti-parasite materials. It is also an ingredient in 
skin lightening soaps, creams, eye makeup cleansing 
products and mascara (WHO 1991). Reported cases 
of mercury toxicity have been widespread in Sweden, 

Mexico, USA and the Minamata Bay (Takizawa and 
Osame 2001). In Nigeria, the use of Kohl (a 
traditional cosmetic) among some northern states 
such as Katsina, Sokoto, and Gombe also 
predisposes to mercury toxicity (Onyeike et al. 2002). 
Mercury exerts its toxicity by inducing oxidative stress 
and apoptosis in affected organs of which the brain is 
very sensitive. This is due to its ability to affect the 
antioxidant system in the cell, resulting in loss of 
membrane integrity and finally cellular necrosis 
(Diamond and Zalups 1998). It inhibits: production of 
brain tubulin cells (Pendergrass and Haley 1997a; 
Hock et al. 1998), production of neurotransmitters, 
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calcium-dependent neurotransmitter release (Discalzi 
et al. 2000), dihydroteridine reductase (Hock et al. 
1998), nitric oxide synthase (Pendergrass and Haley 
1997b), blocks neurotransmitter amino acids 
(Moreno-Fuenmayor et al. 1996) and causes 
abnormal migration of neurons in the cerebral cortex 
(Belletti et al. 2002). Caffeine, a widely consumed 
central nervous system stimulant, is present in 
beverages, energy drinks and over the counter 
medication and has been reported to possess 
antioxidant properties and play a protective role on 
cellular damage (Kamat et al. 2000; Nikolic et al. 
2003; Krisko et al. 2005) probably due to its primary 
metabolites, 1-methylxanthine and 1-methyluric acid. 
This study therefore investigated this protective role 
of caffeine against mercury toxicity in the cerebellar 
cortex. 
 
 
MATERIALS AND METHODS 
 
Materials/Chemicals used 
Analytical grade of caffeine powder manufactured by 
Sigma Aldrich Chemical (St. Louis, MO, United 
States) was obtained from Rovet Scientific Nigeria, 
Limited. Analytical grade mercuric chloride of 99.5% 
purity manufactured by Loba Chemis (Colaba, 
Mumbai India) was obtained. Bouin’s fluid, ketamine, 
graded alcohol, distilled water, molten paraffin wax, 
haematoxylin and eosin, cresyl fast violet stain and 
methylated spirit. 
 
Ethical Clearance 
Ethical clearance was obtained from the Ethical 
Committee on Animal Use and Care of Ahmadu Bello 
University, Zaria with approval number 
ABUCAUC/2018/043. 
 
Experimental Animals 
Twenty apparently healthy adult male Wistar rats, 3-4 
months old and weighing 130-160 g were used for 
this study. They were obtained from the Animal 
House of the Department of Human Anatomy, 
Faculty of Basic Medical Sciences, Ahmadu Bello 
University, Zaria. The animals were housed in 
standard laboratory cages with soft wood shavings 
and free access to rat pellet chow and water ad 
libitum. Neurobehavioural assessment was carried 
out weekly throughout the duration of the study. 
 
Experimental Design 
Control received 1 ml/kg body weight of distilled 
water daily for 28 days. Following the known lethal 
dose (LD50) of mercury chloride to be 166 mg/kg body 
weight (ATSDR 2011; Sadeeq et al. 2013), 10% 
(16.6 mg/kg) of the LD50 of mercury chloride was 
used in this study. 
Mercury treated group received 16.6 mg/kg body 
weight of mercury chloride. Low dose caffeine and 

mercury group received 20.7 mg/kg of caffeine and 
16.6 mg/kg body weight of mercury chloride. High 
dose caffeine and mercury group received 41.5 
mg/kg of caffeine and 16.6 mg/kg body weight of 
mercury chloride. The administrations were orally, 
once daily for 28 days using a metal oropharyngeal 
cannula and a 1 mL calibrated hypodermic syringe.  
 
Beam Walking Test 
The method of Goldstein and Davis (1990) was used 
to assess motor coordination function in the rats. 
The beam was 100 cm long and 2 cm wide, 
suspended horizontally from its ends at an elevation 
of 30 cm. One end was mounted on a narrow support 
connected to a start platform 10 × 10 cm, and the 
other end attached to a goal box (20 × 20 × 20 cm) 
(Rodrigues-Alves et al. 2009).  
Prior to the test, the rats were habituated to the beam 
walking apparatus daily for 3 days, and were required 
to walk across the length of the beam from the start 
point to the goal box which served as the finish point. 
A bright light source was placed over the start point 
which motivated the rats to traverse the beam. A 
sawdust-filled box at the base served as protection 
for the falling rats. Beam-walk scores were based on 
an average of three trials. A trial began by gently 
placing the Wistar rat on the start point of the beam 
and allowed for 60 sec. If the rat located the goal box 
at the end or before the 60 sec, it was removed from 
the box. If the animal did not locate the goal box after 
60 sec or did not move at all, it was gently guided 
along the length of the beam to the goal box and 
allowed to orient to the goal box for an additional 20 
sec. The beam was cleaned with cotton wool and 
methylated spirit after each trial.   
The latency (time until the animal’s nose entered the 
goal box (up to 60 sec) was recorded as described by 
Abou-Donia et al. (2008). Rats that fell off the beam 
or did not enter the goal box were assigned latencies 
of 60 sec. The animals were also observed for foot 
slips on the beam. 
 
Histological Method 
Twenty four hours after the last administration, the 
animals were intraperitoneally administered ketamine 
hydrochloride (75 mg/kg body weight) and sacrificed. 
Brains were harvested, washed in normal saline and 
fixed in Bouin’s fluid. They were processed for 
paraffin was embedded. Paraffin sections of 
cerebellar cortex were cut longitudinally prepared and 
stained in haematoxylin and eosin stain. Cresyl fast 
violet stain was used for demonstration of Nissl 
substance 
 
Statistical Analysis   
All the results were analysed using IBM Statistical 
package for social Sciences (SPSS version 23) and 
the results were expressed as mean ± SEM. The 
statistical significance between the means was 
analysed using repeated measures of ANOVA 
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because the experiment was repeated weekly over a 
period of 4 weeks and p-value ≤ 0.05 was considered 
significant.  
 
 
RESULTS 
 
Beam Walking Test 
As the weeks progressed from 1-4, administration of 
mercury chloride and caffeine had no significant 
effect (p > 0.05) on the beam score when compared 
to the control. However, an increase was observed in 
beam latency time of the Wistar rats. Wistar rats in 
control group showed a decrease in beam latency 
time when compared to the experimental groups. 
This decrease was not significant (p > 0.05).  
 
Histology 
The cerebral sections of Wistar rats in the control 
group showed normal histoarchitecture of the 
cerebral cortex; the characteristic appearance of the 
three cortical layers; an outer molecular, the Purkinje 
cell and an inner granular. The cerebellar sections of 
Wistar rats treated with mercury showed an alteration 
of the cerebellar layers especially the Purkinje cell 
layer, necrosis of the Purkinje cells, and loss of Nissl 
substance from Purkinje cells. In the low dose 
caffeine group, there was presence of normal and 
few vacuolated Purkinje cells. Cerebellar sections 
from animals in the high dose caffeine group showed 
mild neurodegeneration of the cerebellar layers with 
necrosis and cytoplasmic vacuolation of the Purkinje 
cells. 
 
 
DISCUSSION 
 
The present study investigated the effects of caffeine 
on motor co-ordination and the histoarchitecture of 
cerebellar cortex following administration of mercury.  
Caffeine is a non-selective adenosine receptor 

antagonist, specifically for A1 and A2A receptors, with 
a low affinity for A3 receptors (Karcz-Kubicha et al. 
2003; Ferré 2008). These receptors are believed to 
be responsible for the behavioural effects of caffeine, 
and both receptor subtypes are expressed in the 
brain with higher levels of A1 receptors found in the 
hippocampus, cortex, cerebellum and hypothalamus 
(Landolt 2008) 
The beam walking test allows for a detailed 
evaluation of subtle motor impairments due to the 
challenge imposed on the animals in crossing narrow 
beams (Carter et al. 1999; Karl et al. 2003). Increase 
in mercury concentration in the cerebellum of Wistar 
rats was associated with disability in tasks requiring 
greater motor refinement as seen by poor 
performance (increase in latency time) of mercury 
treated Wistar rats on the beams although, this was  
not significant. Inorganic mercury is carried across 
the blood brain barrier by the L-type neutral amino 
acid transporter and accumulates in the brain of 
Wistar rats with highest accumulation in the cerebral 
cortex (Teixeira et al. 2014). Therefore, it may be 
suggested that the concentration of mercury that got 
to the cerebrum was more than what was present in 
the cerebellum of the Wistar rats and may account for 
the non-significant increase observed in the mean 
latency time of Wistar rats on the beam. Results 
obtained here was dissimilar to the work of Teixeira 
et al. 2014 who reported accumulation of inorganic 
mercury in the brain of Wistar rats at a dose of 0.375 
mg/kg/day for 45 days with an alteration in motor 
coordination function.  Administration of caffeine in 
the present study did not cause any significant 
decrease in mean latency of Wistar rats on the beam. 
However, previous researches have showed that 
high dose of caffeine could affect skeletal muscle 
contraction either through the stimulation of Ca2+ 
release from the sarcoplasmic reticulum (Mohr et al. 
1998; Tarnopolsky and Cupido 2000) or by reducing 
the K+ efflux (Mohr et al. 2011) which would affect 
motor function. In addition, it was found that a 

 Initial Week 1 Week 2 Week 3 Week 4 F p 

Control 5.71±1.81 7.72±3.82 3.55±1.56 2.77±0.38 2.27±0.45 1.323 0.335 

16.6 mg/kg HgCl2 3.74±0.52 3.57±0.84 4.75±1.66 9.96±3.72 26.34±10.5 3.739 0.108 

20.7 mg/kg caffeine + 16.6 mg/kg HgCl2 3.04±0.53 2.43±0.89 4.32±1.28 8.20±4.83 4.96±1.51 1.105 0.388 

41.5 mg/kg caffeine + 16.6 mg/kg HgCl2 6.64±2.13 4.13±0.64 3.64±0.69 7.78±2.05 11.97±3.45 1.877 0.216 

Table 1: Mean beam latency for Wistar rats in beam walking test showing initial time and time after 
exposure to caffeine and mercury 

 

Values obtained from the initial training time, and across the week was analyzed using repeated measure of ANOVA to 
compare the mean differences across the groups. A P>0.05 was obtained for the treatment groups and control. Therefore 
result obtained was not statistically significant and no post hoc test was carried out. 
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derivative of caffeine, theobromine up regulates 
cerebral brain-derived neurotrophic factor (BDNF) 
and facilitates motor learning in mice (Yoneda et al. 
2017). Results obtained in this study is dissimilar to 
the study of Almosawi et al. (2018) who reported 
enhanced motor and spatial memory functions in 
mice treated with 20 mg/kg body weight of caffeine 
for one week. 
Neurotoxicity in the nervous system is indicated by 
neurodegeneration and distortion of neural tissue 
(Nahla et al. 2011; Kalantaripour et al. 2012) and can 
corroborate toxicity which is indicated by oxidative 
damage (Jadhav et al. 2007). Histological 
examinations of the cerebellar cortex in the control 
and caffeine treated groups showed relatively little 
histological changes, while the cerebellar cortex of 
animals in the mercury only group showed evidence 
of neurodegeneration such as necrosis, cytoplasmic 
vacuolation and chromatolysis which could be as a 
result of oxidation within the cells. Degenerating 
neurons stain very poorly with cresyl fast violet due to 
disassociation of ribosomes from the rough 
endoplasmic reticulum (RER) which occurs in the 
early stages of cell degeneration (Garman 2011). 
Dissociation of ribosomes leads to depletion in 
protein synthesis which invariably affects the function 
of the Purkinje cells. This disorientation of the 
Purkinje cells affects the motor activity and other 
motor functions of the cerebellar cortex such as loss 
of fine movement, loss of grasping power, 

disturbance in maintenance of equilibrium and loss of 
regulation of muscle tone (Martin et al. 1998). This 
agrees to studies where heavy metals such as 
mercury, lead, cadmium and arsenic have been 
reported to have the capacity to induce oxidative 
stress by depleting antioxidant enzymes resulting to 
nervous tissues damage (Amal and Mona 2009; 
Fakunle et al. 2013; Farina et al. 2013 and Teixeira et 
al. 2018). This study is also in agreement with the 
work of Teixeira et al. (2018) who reported necrosis 
of cerebellar cells after exposure to 0.37 mg/kg 
mercury chloride. The Purkinje cells are the most 
sensitive cells of the cerebellar cortex to toxic 
substances, and they react to these noxious 
substances by undergoing degeneration, thus 
disappearing from their relative positions in the 
Purkinje cell layer (Jomova and Volko 2011; Farina et 
al. 2013).  
The low dose (20.7 mg/kg) caffeine group showed 
better histological features when compared with the 
high dose (41.5 mg/kg) group and mercury treated 
group. This is attributed to the protective effect of 
caffeine due to its antioxidant ability observed at 
lower doses (Nobre et al. 2010; Cakir et al. 2017). 
Caffeine is able to reduce oxidative stress by 
interacting with hydroxyl radical which leads to 
oxidative de-methylation and generation of partially 
N-methylated xanthines such as theobromine, 
paraxanthine and theophylline (Stadler et al. 1996; 
Chung and Chay 1997). Caffeine may also have 

acted due to its 
ability to scavenge 
heavy metal from 
the brain cells, 
thereby reducing 
the concentration 
of mercury that 
was present to 
cause any dama-
ge. Caffeine esse-
ntially acts in the 
brain as the comp-
etitive antagonist 
of adenosine rece-
ptors. The high 
rate expression of 
adenosine recep-
tors especially in 
the hippocampus 
and cerebellar cor-
tex indicates that 
the neuroprotecti-
ve effect of 
caffeine in these 
areas may be 
through adenosine 
receptors (Him et 
al. 2018). This 
ability of caffeine 
to reduce oxidat-

Figure I: Photomicrographs of sections of cerebellar cortex of Wistar rats stained with 
haematoxylin and Eosin. A: Control group with normal histoarchitecture of Molecular layer (M), Axon 
(AX), Purkinje cell (PC) and Granular layer (G). B: 6.6mg/kg mercury treated group with necrosis (N) 
and cytoplasmic vacuolation (CV) of the Purkinje cells. C: 20.7mg/kg of caffeine+ 16.6mg/kg Mercury 
treated group with normal Purkinje cells (PC) D: 41.5mg/kg caffeine+16.6mg/kg Mercury treated group 
with neurodegeneration (D) of Purkinje cells (H & E, Mag x250). 

A B 

C D 
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ive damage to the cells in this study suggests a 
protective role for caffeine against mercury toxicity. 
The result of present study was similar to the work of 
Him et al. (2018) who reported an improvement in 
neuronal number and neuronal degeneration after 
administration of caffeine to Wistar rats. 
In the present study, increased mercury 
concentration in the cerebellum was associated with 
disability in task requiring greater motor refinement 
as seen by poor performance of mercury treated 
Wistar rats on the beams. At the end of the 4 weeks, 
an increase was observed in latency of the mercury 
treated groups to walk the beam to the escape 
platform when compared to the control group. 
Inorganic mercury has been shown to accumulate in 
the brain of Wistar rats thereby altering motor 
coordination function (Teixeira et al. 2014). 
Administration of caffeine to the animals showed a 
reduction in the latency to cross the beam when 
compared to animals treated with mercury only. This 
decrease in mean time may be due to the ability of 
caffeine to act as an antioxidant to relieve oxidative 
stress caused by mercury toxicity. Although other 
brain areas (motor cortex, basal ganglia) play an 
important role in fine motor control and fractionation 
of movement, the cerebellum plays a major role. 
Neurodegeneration and histoarchitectural distortion 
of neural tissue are changes that are indicative of 

neurotoxicity in the central nervous system (Nahla et 
al. 2011; Kalantaripour et al. 2012) and can 
corroborate toxicity which is indicated by oxidative 
damage (Jadhav et al. 2007). Histological 
examinations of the cerebellar cortex in the control 
group, and caffeine treated groups showed the 
cytoarchitecture of the cerebellum with relatively little 
histological changes while the cerebellar cortex of 
animals in the mercury treated group only showed 
evidence of neurodegeneration which could be as 
result of oxidation within the cells. These changes 
include distortion of the cerebellar layer especially the 
Purkinje cell layer, loss of cellular architecture, loss of 
Nissl substance from Purkinje cells, and cytoplasmic 
vacuolation. Histological changes observed in the 
mercury treated group are supported by previous 
findings which showed that the Purkinje cells are the 
most sensitive cells of the cerebellar cortex to toxic 
substances, and they react to these noxious 
substances by undergoing degeneration, thus 
disappearing from their relative positions in the 
Purkinje cell layer (Jomova and Volko 2011; Farina et 
al. 2013). This was also in agreement to studies 
which showed that exposure to mercury chloride 
induces oxidative stress by depleting antioxidant 
system resulting in cell degeneration, loss of 
membrane integrity and necrosis (Ferraro et al. 2009; 
Teixeira et al. 2018). 

 
Conclusion 
The findings of the 
present study sugge-
gest that caffeine can 
protect against merc-
ury induced changes 
in the cerebellar 
cortex of Wistar rats. 
 
Conflict of Interest 
None declared. 
 
Acknowledgement 
We acknowledge the 
staff of the Departm-
ent of Human Anato-
my, Ahmadu Bello 
University, Zaria for 
their support and pro-
viding us the necess-
ary materials needed 
to carry out this work. 
 
 
REFERENCES 
 
Abou-Donia, M.B., 
Goldstein, L.B., 
Bullman, S., Tu, T., 
Khan, W.A., 

Figure 2: Photomicrographs of sections of cerebellar cortex of Wistar rats stained with 
cresyl fast violet. A: Control group revealed intense staining for Nissl substance (N), Purkinje cells 
(P). B: 16.6mg/kg Mercury treated group with reduced intensity for Nissl substance. C: 20.7mg/kg 
of caffeine+ 16.6mg/kg Mercury treated group with an increased intensity of Nissl substance. D: 
41.5mg/kg caffeine+16.6mg/kg Mercury treated group with reduced staining intensity of Nissl 
substance (Cresyl fast violet, Mag x250). 

A B 

C D 



Caffeine Protects Against Mercury Toxicity          Ema et al.           Nig. J. Neurosci. 11(1):35-41. 2020 

40 
 

Dechkovskaia, A.M and Abdel-Rahman, A.A. (2008) 
Imidacloprid induces neurobehavioral deficits and 
increases expression of glial fibrillary acidic protein in 
the motor cortex and hippocampus in offspring rats 
following in utero Exposure. Journal of Toxicology 
and Environmental Health, Part A. 71:119-130. 
Agency for Toxic Substances and Disease Registry 
(ATSDR), (2011). Exposure to hazardous substances 
and reproductive health. American Family Physician, 
48(8):1441-1448. 
Almosawi, S., Baksh, H., Qareeballa, A., Falamarzi, 
F., Alsaleh, B., Alrabaani, M. et al. (2018) Acute 
Administration of Caffeine: The effect on motor 
coordination, higher brain cognitive functions, and the 
social behavior of BLC57 mice. Behavioural Science. 
8:65. doi: 103390/bs8080065. 
Amal, E.A. and Mona, H.M. (2009) Protective effect 
of some antioxidants on the brain of adult male albino 
rats, Rattus rattus, exposed to heavy metals. 
Bioscience Research. 6(1):12-19. 
Arif, T.J., Mudsser, A., Kehkashan, S., Arif, A., Inho, 
C. and QaziMohd, R.H. (2015) Heavy metals and 
human health: mechanistic insight into toxicity and 
counter defense system of antioxidants. International 
Journal of Molecular Sciences. 16:29592-29630. 
Belletti, S., Oriandini, G., Vettori, M.V., Mutti, A., 
Uggeri, J., Scandroglio, R. et al. (2002) Time course 
assessment of methylmercury effects on C6 glioma 
cells: submicromolar concentrations induce oxidative 
DNA damage and apoptosis. Journal of 
Neuroscience Research. 70:703-711. 
Bennett, L.E., Burkhead, J.L., Hale, K.L., Tery, N., 
Pilon, M. and Pilon-Smits, E.A.H. (2003) Analysis of 
transgenic Indian mustard plants for phytoremediat 
ion of metal contaminated mine tailings. Journal of 
Environmental Quality. 32:432-440.  
Burger, J., Gochfeld, M. and Jeitner, C. (2011) 
Locational differences in mercury and selenium levels 
in 19 species of saltwater fish from New Jersey. 
Journal of Toxicology and Environmental Health part 
A. 74(13):863-874.   
Cakir, O.K., Ellek, N., Salehin, N., Hamamcı, R., 
Keleş, H., Kayalı, D.G. et al. (2017) Protective effect 
of low dose caffeine on psychological stress and 
cognitive function. Physiology and Behaviour. 
1(168):1-10.  
Carter, R.J., Lione, L.A., Humby, T., Mangiarini, L., 
Mahal, A., Bates, G.P. et al. (1999) Characterization 
of progressive motor deficits in mice transgenic for 
the human Huntington’s disease mutation. Journal of 
Neuroscience. 19:3248-3257. 
Chung, W.G. and Chay, N. (1997) Oxidation of 
caffeine to therobromine and theophylline is 
catalyzed primarily by flavins containing 
monooxygenase in liver microsomes. Biochemical 
and Biophysical Research Community. 235:685-688.  
Diamond, G.L. and Zalups, R.K. (1998) 
Understanding renal toxicity of heavy metals. 
Toxicological Pathology. 26(1):92-10. 

Discalzi, G., Pira, E., Herrero-Hernandez E, Valentini 
C, Turbiglio M and Meliga F. (2000). Occupational 
Mn Parkinsonism: magnetic resonane imaging and 
clinical patterns following CaNa2-EDTA chelation. 
Neurotoxicology. 21(5):863-866. 
Fakunle, P.B., Ajibade, A.J., Oyewo, E.B. and 
Adeyemi, O.H. (2013) A study of some effects of 
aqueous extract of neem (Azadirachta Indica) leaves 
on the lead acetate induced neurotoxicity in the 
superficial layers of superior colliculus of adult Wistar 
rats (Rattus norvegicus). British Journal of 
Pharmaceutical Research. 3(2):217231.  
Farina, M., Avila, D.S., Rocha, J.B. and Aschner, M. 
(2013) Metals, oxidative stress and neurodegenera 
tion: a focus on iron, manganese and mercury. 
Neurochemistry International. 62(5):575-594. 
Ferré, S. (2008) An update on the mechanisms of the 
psychostimulant effects of caffeine. Journal of 
Neurochemistry. 105:1067-1079. 
Garman, R.H. (2011) Histology of the Central 
Nervous System. Toxicologic Pathology. 39:22-35. 
Goldstein, L.B. and Davis, J.N. (1990) Beam walking 
in rats: studies towards developing an animal model 
of functional recovery after brain injury. Journal of 
Neuroscience Methods. 31(2):101-107. 
Him, A., Deniz, N.B. and Önger, M.E. (2018) The 
effect of caffeine on neuron number of rats exposed 
to 900-MHz electromagnetic field. Turkish Journal of 
Veterinary and Animal Sciences. 42:198-204. 
Hock, U., Growdon, J.H. and Nitsch, R.M. (1998) 
Increased blood mercury levels in patients with 
Alzheimer’s disease. Journal of Neural Transmission. 
105(1):59-68. 
Jadhav, S.H., Sarkar, S.N., Aggarwal, M. and 
Tripathi, H.C. (2007) Induction of oxidative stress in 
erythrocytes of male rats subchronically exposed to a 
mixture of eight metals found as groundwater 
contaminants in different parts of India. Archives of 
Environment Contamination and Toxicology. 52:145-
151. 
Jomova, K. and Valko, M.  (2011) Advances in metal-
induced oxidative stress and human disease. 
Toxicology. 283(2-3):65-87. 
Kalantaripour, T.P., Asadi-Shekaari, M., Basiri M. and 
Gholaamhosseinian, N.A. (2012) Cerebroprotective 
effect of date seed extract (Phoenix dactylifera) on 
focal cerebral ischemia in male rats. Journal of 
Biological Sciences, 12:180-185. 
Kamat, J.P., Boloor, K.K., Devasagayam, T.P., 
Jayashree, B. and Kesavan, P.C. (2000) Differential 
modification by caffeine of oxygen-dependent and 
independent effects of gamma-irradiation on rat liver 
mitochondria. International Journal of Radiation 
Biology. 76(9):1281-1288. 
Karcz-Kubicha, M., Antoniou, K., Terasmaa, A. 
(2003) Involvement of adenosine A1 and A2A 
receptors in the motor effects of caffeine after its 
acute and chronic administration. 
Neuropsychopharmacology. 28:1281-1291. 



Caffeine Protects Against Mercury Toxicity          Ema et al.           Nig. J. Neurosci. 11(1):35-41. 2020 

41 
 

Cite as:  Ema, E.J., Musa, S.A. and Iliya, I.A. (2020) Evaluation of the effect of caffeine on the cerebellar cortex of 
mercury treated Wistar rats. Nig. J. Neurosci. 11(1):35-41. http://doi.org/10.47081/njn2020.11.1/005 

Karl, T., Pabst, R. and von Horsten, S. (2003) 
Behavioral phenotyping of mice in pharmacological 
and toxicological research. Experimental and 
Toxicologic Pathology. 55:69-83. 
Karl, T., Pabst, R. and von Horsten, S. (2003) 
Behavioral phenotyping of mice in pharmacological 
and toxicological research. Experimental and 
Toxicologic Pathology. 55:69-83.  
Krisko, A., Kveder, M. and Pifat, G. (2005) Effect of 
caffeine on oxidation susceptibility of human plasma 
low density lipoproteins. Clinica Chimica Acta: 
International Journal of Clinical Chemistry, 355(1-2): 
47-53. 
Landolt, H.P. (2008) Sleep homeostasis: A role for 
adenosine in humans. Biochemical Pharmacology, 
75(11):2070–2079. 
Martin, L.J., Al-Abdulla, N.A., Brambrink, A.M., 
Kirsch, J.R., Sieber, F.E. and PorteraCailliau, C. 
(1998) Neurodegeneration in excitotoxicity, global 
cerebral ischemia, and target deprivation: A 
perspective on the contributions of apoptosis and 
necrosis. Brain Research Bulletin. 46:281-309. 
Martin, L.J., Al-Abdulla, N.A., Brambrink, A.M., 
Kirsch, J.R., Sieber, F.E. and PorteraCailliau, C. 
(1998) Neurodegeneration in excitotoxicity, global 
cerebral ischemia, and target deprivation: A 
perspective on the contributions of apoptosis and 
necrosis. Brain Research Bulletin. 46:281-309. 
McDowell, L.R. (2003) Minerals in Animal and 
Human Nutrition. 2nd ed. Elsevier Science, 
Amsterdam. pp. 361-364. 
Mohr, M., Nielsen, J.J. Bangsbo, J. (2011) Caffeine 
intake improves intense intermittent exercise 
performance and reduces muscle interstitial 
potassium accumulation. Journal of Applied 
Physiology. 111:1372-1379. 
Mohr, T., Van Soeren, M., Graham, T.E. (1998). 
Caffeine ingestion and metabolic responses of 
tetraplegic humans during electrical cycling. Journal 
of Applied Physiology. 85:979-985. 
Moreno-Fuenmayor, H., Borjas, L., Arrieta, A. and 
Valera, V. (1996) Plasma excitatory amino acids in 
autism. Clinical Investigation. 37(2):113-128. 
Nahla, A.G., Refat, A. and Abass, M.A. (2011) 
Efficacy of myrrh extract “mirazid®” to reduce lead 
acetate toxicity in albino rats with special reference to 
cerebellum and testes. Life Science Journal.8:406-14 
Nikolic, J., Bjelakovic, G. and Stojanovic, I. (2003) 
Effect of caffeine on metabolism of L-arginine in the 
brain. Molecular and Cellular Biochemistry. 244(1-
2):125-128. 
Nobre, H.V.J., Cunha, G.M., de Vasconcelos, L.M., 
Magalhães, H.I., Oliveira, R.N., Neto, F.D. et al. 
(2010) Caffeine and CSC, adenosine A2A 
antagonists offer neuroprotection against 6-OHDA-
induced neurotoxicity in rat mesencephalic cells. 
 

Neurochemistry International. 56(1):51-58. 
Onyeike, E.N., Obbuja, S.I. and Nwinuka, N.M. 
(2002) Inorganic ion levels of soils and streams in 
some areas of Ogoni land, Nigeria as affected by 
crude oil spillage. Journal of Environmental 
Monitoring Assessments. 73:191-205. 
Pendergrass, J.C. and Haley, B.E. (1997) Mercury 
vapor inhalation inhibits binding of GTP-similarity to 
lesions in Alzheimer’s disease brains. 
Neurotoxicology. 18(2):315-324.   
Pendergrass, J.C. and Haley, B.E. (1997) The Toxic 
Effects of Mercury on CNS Proteins: Similarity to 
Observations in Alzheimer’s Disease. University of 
Kentucky, Lexington, IAOMT Symposium Paper. 
Rodrigues-Alves, P.B., Flório, J.C., Lebrun, I., 
Bernardi, M.M and Spinosa, H (2009) Moxidectin 
Interference on Motor Activity of Rats. Brazilian 
Archives of Biology and Technology. 52(4):883-891. 
Sadeeq, A.A., Ibegbu, A.O., Taura, M.G., Timbuak, 
J.A., Adamu, L.H. and Kwanashie, H.O. (2013) 
Studies on the effects of mercury exposure on spatial 
learning and memory of adult wistar rats. Internatio 
nal Journal of Pharmaceutical Science. 2(12):12-16. 
Stadler, R.H., Richoz, J., Turesky, R.J., Welti, D.H. 
and Fay, L.B. (1996). Oxidation of caffeine and 
related methylxanthines in ascorbate and polyphenol 
driven Fenton-type oxidation. Free Radical Research. 
24:225-235.  
Takizawa, Y. and Osame, M. (2001) Understanding 
of Minamata disease: Methyl mercury poisoning in 
Minamata and Niigata, Japan. Japan Public Health 
Association, Tokyo. 
Tarnopolsky, M. and Cupido, C. (2000) Caffeine 
potentiates low frequency skeletal muscle force in 
habitual and nonhabitual caffeine consumers. Journal 
of Applied Physiology, 89:1719-1724. 
Teixeira, F.B., de Oliveira, A.C.A., Leão, L.K.R., 
Fagundes, N.C.F., Fernandes, R.M., Fernandes, 
L.M.P. et al. (2018) Exposure to Inorganic mercury 
causes oxidative stress, cell death, and functional 
deficits in the motor cortex. Frontiers in Molecular 
Neuroscience.11:125. doi:10.3389/fnmol.2018.00125 
Teixeira, F.B., Fernandes, R.M., Farias-Junior, P.M., 
Costa, N.M., Fernandes, L.M., Santana, L.N. (2014) 
Evaluation of the effects of chronic intoxication with 
inorganic mercury on memory and motor control in 
rats. International Journal of Environmental Research 
and Public Health. 11 9171-9185. 
World Health Organization, WHO (1991). 
International program on chemical safety. Inorganic 
mercury: environmental health criteria118, Geneva.  
Yoneda, M., Sugimoto, N. and Katakura, M. (2017) 
Theobromine up-regulates cerebral brain-derived 
neurotrophic factor and facilitates motor learning in 
mice. Journal of Nutritional Biochemistry, 39: 110-
116.

 
_______________________________________________________________________________________ 

© Copyright Nigerian Journal of Neuroscience. All rights reserved. 


