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ABSTRACT 

 
Mercury is a heavy metal of known toxicity, noted for inducing public health disasters in Minamata Bay, 
Japan and in Iraq. The present study investigated the effect of ascorbic acid on the histology of 
mercury induced temporal lobe damage in Wistar rats. Twenty five adult Wistar rats (average weight 
185 g) were randomly divided into five groups (each n = 5); a control group administered normal saline, 
mercuric chloride (HgCl2; 49.8 mg/kg), HgCl2 with distilled water, HgCl2 with low dose ascorbic acid 
(595 mg/kg) and HgCl2 with high dose ascorbic acid (1,190 mg/kg), groups, orally administered daily for 
three weeks. Results revealed alteration of temporal lobe histoarchitecture; neuronal degeneration, 
such as necrosis, clumping of cells, neuronal vacuolation, cytoplasmic shrinkage and reduction in the 
number of cells (p ≤ 0.05) in HgCl2 intoxicated group. The administration of ascorbic acid remarkably 
ameliorated HgCl2 induced temporal lobe damage, notably with ascorbic acid 1,190 mg/kg treatment 
suggesting that ascorbic acid has neuroprotective potentials against HgCl2 induced temporal lobe 
damage in Wistar rats. 
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INTRODUCTION 
 
Man in his environment has been exposed to poten-
tial hazard of heavy metals through bio-accumulation 
and bio-magnifications, which has been transferred to 
man via air, water and food chain as a result of 
anthropogenic activities, mining of mercury, gold and 
metals including copper, zinc, lead and silver (Ghosh 
and Sil 2008; Burger et al. 2011). Many populations 
worldwide have been exposed to doses of mercury 
through the consumption of fishes and sea foods, 
and some have experienced neurotoxic effects 
(Valey et al. 1980; WHO 2003). Some population 
have experienced subsequent neurotoxic effects, and 
since the epidemic of mercury poisoning from 
contaminated fish consumption in Minamata, Japan 
in the late 1950s, mercury has been one of the most 
documented examples of bio-accumulation of toxins 

in the environment, particularly in the aquatic food 
chain (ATSDR 2011). The toxicity of mercury can 
also result from vapour inhalation and ingestion or 
absorption through the skin. However, diagnosis of 
mercury toxicity can be challenging because the 
commonly used modalities (blood, urine and hair 
levels) do not always correlate with total body burden 
and offer little diagnostically useful information. There 
are currently no consensus criteria for the diagnosis 
of mercury overload, nor for overload of other toxic 
metals (Bernhoft 2012). There is a growing apprecia-
tion of the effects that exposure to mercury has on 
the nervous system, because mercury crosses the 
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Table 1: Animal grouping and duration of 
administration of mercuric chloride and ascorbic acid 

blood brain barrier and accumulates in brain tissues 
to induce pathologies (Farina et al. 2011). Animal 
studies linking mercury toxicity to neurodegenerative 
diseases (Fujimura et al. 2009) raise clinical concern, 
as do a series of associations between mercury and 
neurodegenerative diseases in humans (Johnson 
and Atchison 2009; Mutter et al. 2010). Mercury 
occurs in several chemical forms, with complex 
pharmacokinetics; being capable of inducing a wide 
range of clinical presentations with nervous, digestive 
and renal systems being most affected (Burger et al. 
2011; Bernhoft 2012). A 1997 population study con-
ducted in Faroe Islands demonstrated that children 
born to mothers who consumed mercury-contami-
nated whale meat during pregnancy, exhibited cogni-
tive delays and irregular cardiovascular development 
(Grandjean et. al. 1997; Booth and Zella 2005). 
Hence, children and pregnant women are vulnerable 
to mercury exposure (WHO 2003; EC 2005). In Nige-
ria, tilapia fish from Lagos lagoon and the use of 
“Kohl” a traditional cosmetic had been reported to 
predispose people to mercury toxicity (Fodeke 1979; 
Onyeike et al. 2002). Symptoms of mercury poison-
ing involves depression, headache, dizziness, itching, 
burning, shedding of the skin, irritability, excitability, 
restlessness, irrational outburst of temper, profuse 
sweating, tachycardia, frequent urination, increased 
salivation, and hypertension (Grant and Lipman 
2009; ATDRS  2011). 
Ascorbic acid is an essential nutrient for humans and 
some other animal species. In living organisms 
ascorbate acts as an antioxidant by protecting the 
body against oxidative stress (Padayatty et al. 2003; 
Ibegbu et al. 2014). It is also a cofactor in at least 
eight enzymatic reactions including several collagen 
synthesis reactions that, when dysfunctional, cause 
the most severe symptoms of scurvy (Jacob 1999). 
Antioxidants have been shown to react with super-
oxide (Nishikimi 1975; WHO 2005), hydroxyl radicals 
(McGregor and Biesalski 2006) and singlet oxygen 
(Moreira et al. 2010).  
Antioxidants are substances that nullify the effect of 
free radical by either inhibiting the initial production or 
inhibiting the preparative phase of free radicals 
(Sujatha et al. 2011). Examples of antioxidants are 
ascorbic acid (vitamin C), vitamin E and vitamin A 
(Vasudevan and Sreekumari 2007). These anti-ox-
ides are generally regarded as primary first-line pro-
tective agent that nullifies free radicals by donating a 
single electron to yield dehydro-ascorbic acid 
(UKFSA 2007; Gemma et al. 2010). Vitamin C is an 
antioxidant that scavenges free radicals (Padayatty et 
al. 2003), prevents scurvy (WHO 2001), pneumonia 
(Hemila and Louhiala 2007) and maybe useful in 
lowering the incidence of gout (Choi et al. 2009). The 
study seeks to evaluate the ameliorative effects of 
ascorbic acid on mercury induced temporal lobe 
damage in rats. 
 

MATERIALS AND METHODS 
 
Twenty five adult Wistar rats of average weight 185 g 
were used for this study. After acclimatization in the 
Animal House of the Department of Human Anatomy, 
Ahmadu Bello University, Zaria, the animals were 
grouped into five groups of five  animals each (n = 5). 
Mercuric chloride (X-N202, May and Bakers, 
England) was utilized at LD50 of 166 mg/kg body 
weight as adopted from ATSDR (2011). While the 
LD50 of ascorbic acid (S42238, Sam 
Pharmaceuticals, Nigeria) was adopted from MSDS 
(2008) as 11,900 mg/kg body weight. The mercury 
chloride was the approved laboratory grade chemical 
by Standard Organization of Nigeria, marketed and 
sold in Nigeria, while the ascorbic acid tablets was 
approved by National Agency for Food and Drug 
Administration and Control to be marketed and used 
in Nigeria. Before the commencement of the study, 
ethical approval was sort and obtained from the 
Ahmadu Bello University Zaria Ethical and Animal 
Use Committee, Faculty of Veterinary Medicine with 
reference Number ABU/FVM/EAUC/2015/12. 
The animals were dosed as follows: control group 
was administered with normal saline, group 2 with 
30% mercuric chloride (HgCl2, 49.8 mg/kg) only, 
group 3 received HgCl2 with distilled water only, 
group 4 received HgCl2 with 5% low dose ascorbic 
acid (595 mg/kg), while group 5 received HgCl2 with 
10% high dose ascorbic acid (1,190 mg/kg). 
However, administrations of distilled water and 
ascorbic acid from weeks 3-6 were done in order to 
observe for any possible natural recovery and 
possible ameliorative potentials of ascorbic acid 
respectively (Table 1). The administration was by oral 
route daily and lasted for 3-6 weeks, while animal 
feed and water were allowed ad libitum. 

 
After the administration, the animals were 
anaesthetized by inhalation of chloroform in the 
sacrificing chamber. Incision was made through the 
skin and muscle of the skull. The skull was opened 
through a mid sagittal incision with the aid of a brain 

Groups 
(n=5) 

Dosage/kg body weight            Treatment 
Duration 
(Weeks) 

1 Distilled water (Control)                     1 – 3 
2 49.8mg/kg of mercuric chloride            1 – 3 
3 49.8mg/kg of mercuric chloride  1 – 3 

Distilled water                    3 – 6 
4 49.8mg/kg of mercuric chloride 1– 3  

595mg/kg of ascorbic acid                        3 – 6 

5 49.8mg/kg  of mercuric chloride 1– 3 
1,190mg/kg of ascorbic acid           3 – 6 
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opener, while brain tissue was removed and 
fixed in Bouin’s fluid. The tissues were 
routinely processed for paraffin embedded 
histology and stained using Cresyl violet 
staining method. 
 
Tissue Processing Procedure 
The fixed tissues were removed from the 
Bouin’s fluid and dehydrated using 
ascending grades of alcohol. This method 
involved dehydration of tissues in two (2) 
changes of 70% alcohol and two (2) 
changes of 90% alcohol, three (3) changes 
of 95% alcohol and three (3) changes of 
absolute alcohol, each of which lasted for 30 
minutes. The dehydrated tissues were 
further cleared in two (2) changes of 
chloroform for two (2) hours each. The 
cleared tissues were infiltrated by immersion 
into molten paraffin wax. The embedded 
tissues were blocked in rectangular blocks, 
while tissues were sectioned coronally using 
the rotary microtome at 5 µm per section. 
The tissue sections were allowed to float in 
water bath at 30 oC to help the spreading of 
the paraffin ribbons. The clean slides were 
used to pick the tissues from the warm 
water bath. The slides were left to dry and 
later stained using Cresyl violet solution.  

Cresyl violet Staining Method 
The tissue sections were deparaffinized and 
hydrated to distilled water and then stained 
for 5 minutes in Cresyl violet solution. The 
stained sections were rinsed in two changes 
of distilled water and placed in 95% alcohol 
for 30 seconds. Sections were transferred to 
absolute alcohol for 30 seconds and then 
placed in xylene for 1 minute and 2 minutes 
sequentially. Differentiations were made in 
absolute alcohol, two changes for 10 and 30 
seconds each. The sections were then 
taken through several changes of xylene 
and mounted with synthetic resin. Digital 
photomicrographs were made from all the 
experimental groups with the aid of MD900 
Amscope microscope digital camera. 
 
Cell Count Analysis 
Pyramidal cells involving the temporal lobe 
was counted using Digimizer image analysis 
software. Photomicrographs involving the 

Figure 2: Photomicrographs of the cellular layers of the temporal cortex (Cresyl 
Violet × 250) 
A. Control group showing normal histoarchitecture with pyramidal (PC) and stellate cells (SC). B. 
Mercuric chloride (HgCl2; 49.8mg/kg) only group showing degenerated pyramidal cells (DPC), 
vacuolated cells (VC) and degenerated stellate cells (DSC). C. HgCl2 (49.8mg/kg) with distilled 
water group showing some normal pyramidal cells (PC) and degenerated stellate cells (DSC). D. 
HgCl2 (49.8mg/kg) with low dose vitamin C (595 mg/kg) group showing normal pyramidal cells 
(PC) and some evidence of degenerated cells (DC). E. HgCl2 (49.8mg/kg) with high dose vitamin 
C (1,190mg/kg) group showing pyramidal cells (PC) and some evidence of degenerating cells. E 

A B 

C D

Figure 1: Photomicrographs showing the cellular layers of the temporal 
cortex (Cresyl Violet × 250) 
A: Layer I contains few scattered neurons (SN) and extensions of pyramidal 
neurons (P), and Layer II with small pyramidal neurons (P). B: Layer III contains 
small and medium size pyramidal neurons (P) as well as non-pyramidal neurons 
(NP). C: Layer IV contains different types of stellate (S), and pyramidal neurons 
(P). D: Layer V contains large pyramidal neurons (LP), and Layer VI contains few 
but large pyramidal neurons (FP). 
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Figure 4: Photomicrographs of the cellular layers of the hippocampus (Cresyl Violet × 250) 
A. Control group showing normal CA3 region with pyramidal cells (PC). B. Mercuric chloride 
(HgCl2; 49.8mg/kg) only group showing disorientation of CA3 region, area of degenerating cell 
(ADC) and degenerated pyramidal cells (DPC) with loss of nuclei. C. HgCl2 (49.8mg/kg) with 
distilled water group showing some normal pyramidal cells (PC), degenerated pyramidal cells 
(DPC), vacuolated cells (VC) and degenerated cell (DC). D. HgCl2 (49.8mg/kg) with low dose 
vitamin C (595 mg/kg) group showing normal pyramidal cells (PC), vacuolated cell (VC) and 
evidence of degenerated cells (DC).  E. HgCl2 (49.8mg/kg) with high dose vitamin C (1,190mg/kg) 
group showing normal orientation of CA3 region, pyramidal cell (PC) with intact nuclei 

cortical cell layers and hippocampal cells of the 
temporal lobe region were uploaded into the image 
area interphase of the software. This was followed by 
the utilization of marker tools to mark and count cells 
in the aforementioned regions. The numbers of the 

counted cells were automatically indicated on the 
statistics area of the software, while results obtained 
were further subjected to statistical analysis. 
 
Statistical Analysis 

All the results were analyzed using the 
Statistical Package for Social Scientist 
(SPSS version 20) and the results were 
expressed as Mean ± Standard Error of 
Mean (SEM). The statistical significance 
between means were analyzed using one-
way analysis of variance followed by post-
hoc test; Tukey’s multiple comparison test 
was utilized to test for significant 
difference between control and 
experimental groups. A p-value ≤ 0.05 was 
considered statistically significant. 
 
 
RESULTS 
 
Physical Observation of the Animals 
On physical observation of the animals, 
the control group animals were very active 
and behaviourally stable while mercury 
treated animals were observed to be 
ataxic, apathetic, agitated, distressed, with 
diarrhea for the first 3 weeks of 
administration. However, there were 
improvements in activity, agility, and 
behavioural stability as observed in 
animals treated with ascorbic acid in the 
last 3 weeks of administration. . 
 
Histological Observations of Temporal 
Cortex  
The results revealed normal 
histoarchitecture and cellular layers of the 
temporal cortex in the control group (Fig. 1 
and 2A), while animals in the HgCl2 (49.8 
mg/kg) only and HgCl2 with distilled water 
groups revealed necrosis of cells, area of 
cellular degeneration characterized by 
vacuolation, congestion, clumping of cells 
(Fig. 2B and C). However, HgCl2 with low 
dose vitamin C (595 mg/kg) and HgCl2 

with high dose vitamin C (1,190 mg/kg) 
groups showed minimal cellular 
degeneration with some normal cerebral 
cortical cells (Fig. 2D and E). 

Figure 3: Photomicrographs of the hippocampus of the control group 
Architecture of: A. hippocampus (×40); B. Dentate gyrus; DG (×100); C. CA1 
region (×250); and D. CA3 region (×250). Cresyl violet, (×250). 
 

E 

A B 

C D
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Table 2: Number of pyramidal cells counted from temporal  
lobe sections 

*p ≤ 0.05, significantly different compared to Control; a, significantly 
different between mercuric chloride (HgCl2) with high dose Vit. C (Vitamin 
C) group and HgCl2 only group; b significantly different between HgCl2 
with high dose Vitamin C group and HgCl2 with distilled water group. c 
significantly different between HgCl2 with low dose; Vit. C group and HgCl2 
only group; d significantly different between HgCl2 with low dose. Vit. C 
group and HgCl2 with distilled water group; n= number of cells counted.  
SEM: Standard Error of Mean.  

Histological Observations of the Hippocampus  
The results revealed normal histoarchitecture of the 
hippocampus in the control group (Fig. 3 and 4A), 
while animals in the HgCl2 (49.8 mg/kg) only and 
HgCl2 with distilled water groups revealed area of 
cellular degeneration characterized by loss of nuclei, 
vacuolation of cells and degenerated pyramidal cells 
(Fig. 4B and C). However, HgCl2 with low dose 
vitamin C (595 mg/kg) and HgCl2 with high dose 
vitamin C (1,190 mg/kg) groups showed minimal 
cellular degeneration with some normal pyramidal 
cells (Fig. 4D and E). 
 
Cell Count Analysis 
Number of Pyramidal cells in the Temporal cortex 
The number of pyramidal cells was significantly (p ≤ 
0.05) decreased  in the temporal cortex of the HgCl2 
(49.8mg/kg) only group compared to the control, 
HgCl2 (49.8 mg/kg) with low dose vitamin C (595 
mg/kg) and HgCl2 (49.8 mg/kg) with high dose 
vitamin C (1,190 mg/kg) groups. This significant 
decrease (p ≤ 0.05) in the pyramidal cell was also 
observed in HgCl2 (49.8mg/kg) with distilled water 
group compared to the control and the HgCl2 
(49.8mg/kg) with high dose vitamin C (1,190 mg/kg) 
groups. However, significant decrease (p ≤ 0.05) in 
the number of pyramidal cells  involving the temporal 
cortex was observed in HgCl2 (49.8 mg/kg) with low 
dose vitamin C (595 mg/kg) compared to the control 
group (Table 2). 
 

Number of Pyramidal cells in the Hippocampus 
The pyramidal cell number was significantly (p ≤ 
0.05) decreased in the CA3 region of the 
hippocampus of the HgCl2 (49.8 mg/kg) only and 

HgCl2 (49.8 mg/kg) with distilled groups compared to 
the control, HgCl2 (49.8 mg/kg) with low dose vitamin 
C (595 mg/kg) and HgCl2 (49.8 mg/kg) with high dose 
vitamin C (1,190 mg/kg) groups. This decrease (p ≤ 
0.05) in the pyramidal cell involving the CA3 region of 
the hippocampus was also observed in the HgCl2 
(49.8mg/kg) with low dose vitamin C (595 mg/kg) 
group compared to the control group (Table 2). 
 
 
DISCUSSION 
 
Mercury is a toxic heavy metal which is widely dis-
persed in nature and it is known to have direct and 
indirect effects on biological systems and cells 
(Bjornberg et al. 2011). The present study revealed 
degeneration and necrosis of cells in the temporal 
lobe in adult Wistar rats administered with HgCl2 with 
or without ascorbic acid, while the control group 
showed normal histology. These neurodegenerative 
changes could invariably affect learning, memory and 
hearing associated with the hippocampus and tempo-
ral lobe (Wolf et al. 2009). In addition, degeneration 
and decrease in the number of pyramidal cells which 
result from exposure to HgCl2 implies the activity of 
hippocampus in memory formation and learning will 
be impaired and the role of hippocampus that in-
volved storage and retrieval of information could also 
be lost. These results are in agreement with the study 
of Wolf et al. (2009), Ibegbu et al. (2013) and Mah-
moud et al. (2017), who reported clumping of cere-

bral cortical cells, necrosis of cells in animals fol-
lowing administration of different doses of mercury 
for a period of three weeks. The findings from the 
present study also agree with other researchers 
who reported that heavy metals such as mercury, 
lead, cadmium and other organic compounds 
have the capacity to impair  the nervous system 
(Ibegbu et al. 2014; Animoku et al. 2015; 2016) 
because these metals can cross the blood-brain 
barrier to accumulate in brain tissues (Farina et al. 
2011).  
The brain uptake of mercury in rats is enhanced 
from the blood to the central nervous system 
across the blood-brain barrier by the L-type 
neutral amino acid carrier transport system 
(Aschner and Clarkson 1987). Glutamate 
dyshomeostasis in the central nervous system 
represents another critical target in mercury 
induced neurotoxicity (Aschner et al. 2007). Cere-
bral dysfunction may occur in association with 
exposure to a wide variety of toxins including 
heavy metals such as mercury, lead, thallium, 
manganese, drugs and solvents, while permanent 
abnormalities are induced only by sustained use 
and exposure to these chemicals in large quantity 

(Jomova et al. 2010; Farina et al. 2011). Since, it has 
been shown that heavy metals such as mercury, lead 
and thallium have the potential to induce oxidative 

Groups Administration Hippocampus  
(Pyramidal cell) 

Temporal Cortex      
(Pyramidal cell) 

  Mean  
± SEM (n) 

Mean ± SEM (n) 

GI Control 30.33 ± 0.88 30.00 ± 3.05 
 
GII 

 
(HgCl2 1st-3rd 
Weeks) 

 
7.33 ± 0.33* 

 
4.00 ± 1.15* 

GIII (HgCl2 and 
Distilled H2O) 

10.33 ± 1.45* 12.33 ± 1.45* 

GIV (HgCl2 and 
Vit.C595mg/kg) 

20.67 ± 1.20*cd  18.33 ± 2.03*c 

GV (HgCl2 and 
Vit.C1,190mg/kg) 

26.00 ± 2.08*ab  26.67 ± 2.73*ab 
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stress via reduction of antioxidative enzymes such as 
superoxide dismutase, catalase, glutathione and 
proliferation of lipid peroxidation levels. These 
decrease in the activity of antioxidative enzymes 
such as superoxide dismutase level and the elevation 
of lipid peroxidation, suggest the formation of free 
radicals and the participation of free radical induced 
oxidative cell injury in mediating the toxic effect of 
mercury (Jomova et al. 2010). Neurodegenerative 
disorders in cerebral cortex can affect the functional 
areas of the cerebral cortex which deal with skill 
movement, ability to speak, appreciate pains and 
temperature (Mahmoud et al 2017). However, the 
present study revealed that animals administered 
with ascorbic acid both at low and high doses 
showed significant improvements (p<0.05) when 
compared with animals intoxicated with mercury 
alone and this agrees to the fact that ascorbic acid 
can improve the reduced superoxide dismutase, 
catalase, glutathione and increased Lipid peroxidase 
levels (Farina et al., 2013) caused by mercury expo-
sure to the brain (Ibegbu et al. 2014; Animoku et al. 
2016). Ascorbic acid administration has ameliorated 
to certain degree the induced impairments to the 
temporal lobe as a result of exposure to HgCl2 and 
this agrees to the fact that natural compounds rich in 
antioxidants can reduce oxidative stress thus allevi-
ating the effect of oxidative agents (Burger et al. 
2011; Ibegbu et al. 2013). Hence, ascorbic acid as an 
antioxidant plays significant ameliorative role (p ≤ 
0.05) in the reversion (to certain level) of mercury 
induced temporal lobe impairment possibly by form-
ing inert complexes and inhibiting their toxicity (Bur-
ger et al. 2011; Ibegbu et al. 2014). 
  
 
CONCLUSION 
 
The findings from the present study justify the amelio-
rative effect of ascorbic acid against mercury induced 
temporal lobe neurotoxicity and hence populations 
exposed to mercury poison should consume foods 
rich in ascorbic acid (vitamin C) along with other anti-
oxidants. 
  
Conflict of Interest 
None declared. 
 
 
REFERENCES 
 
Agency for Toxic Substances and Disease Registry 
(ATSDR) (2011) Exposure to hazardous substances 
and reproductive health. American Family Physician. 
48(8):1441-1448. 
Animoku, A. A., Buraimoh, A. A., Hamman, W. O., 
Ibegbu, A. O., Pala, Y. Y. and Iliyasu, M. O. (2015) 
Effect of ascorbic acid on mercury exposure on hip-

pocampus of Adult Wistar rats. African Journal of 
Cellular Pathology. 5:49-54.  
Animoku, A. A., Buraimoh, A. A., Hamman, W. O., 
Ibegbu, A. O., Pala, Y. Y. and Iliyasu, M. O. (2016) 
Ameliorative effects of ascorbic acid on mercury in-
duced learning and memory impairment in rats. Nige-
rian Journal of Neuroscience. 8(1):1-7. 
Aschner, M. and Clarkson T. W. (1987) Mercury 203 
distribution in pregnant and nonpregnant rats follow-
ing systemic infusions with thiol-containing amino 
acids. Teratology. 36(3):321-328. 
Aschner, M., Syversen, T., Souza, D. O., Rocha, J. 
B. and Farina, M. (2007) Involvement of glutamate 
and reactive oxygen species in methylmercury neu-
rotoxicity. Brazilian Journal of Medical Biological Re-
search. 40(3):285-291. 
Bernhoft, R. A. (2012) Mercury toxicity and treatment. 
a review of the literature. Journal of Environmental 
and Public Health.  2012. 460508. 
Bjornberg, A., Vahter, M., Berglund, B., Niklasson, B., 
Blennow, M. and Sandborgh-Englund, G. (2011) 
Transport of methylmercury and inorganic mercury to 
the fetus and breast-fed infant. Environmental Health 
Perspectives. 113(10):113-118. 
Booth, S. and Zeller D. (2005) Mercury, food webs, 
and marine mammals: implications of diet and cli-
mate change for human health. Environmental Health 
Perspectives. 113(5):521-526. 
Burger, J., Jeitne, C. and Gochfeld, M. (2011) Loca-
tional differences in mercury and selenium levels in 
18 species of saltwater fish from New Jersey. Journal 
of Total Environmental Health. 74(13):863-874. 
Choi, M. D., Gao, X., Curhan, G., Xiang Gao, M. D. 
and Gary Curhan, M. D. (2009) Vitamin C intake and 
the risk of gout in men. Archives of Internal Medicine. 
169(5):502-507. 
European Commission (EC) (2005) 101 Communica-
tion from the Commission to the Council and the Eu-
ropean Parliament on Community Strategy Concern-
ing Mercury Extended Impact Assessment 101:20 
final 28:12. 
Farina, M., Rocha, J.B. and Aschner, M. (2011) 
Mechanisms of methylmercury-induced neurotoxicity: 
Evidence from experimental studies. Journal of Life 
Sciences. (89):555-563. 
Fodeke, O. (1979) Studies on heavy metals and mi-
crobial contamination of Tilapia sp in Lagos Lagoon. 
M.Sc Thesis University of Lagos, Lagos-Nigeria. 
Fujimura, M., Usuki, F., Sawada, M. and Takashima, 
A. (2009) Methylmercury induces neuropathological 
changes with tau hyperphosphorylation mainly 
through the activation of the C-Jun-N-terminal kinase 
pathway in the cerebral cortex, but not in the hippo-
campus of the mouse brain. NeuroToxicology. 
30(6):1000-1007. 
Gemma, C., Bachstetter, A. D. and Bickford, P. C. 
(2010) Neuron-microglia dialogue and hippocampal 
neurogenesis in the aged brain. Aging and Disease. 
1(3):232-244 



Vitamin C on Mercury Induced Temporal lobe Damage        Animoku et al.             Nig. J. Neurosci. 9(1): 9-15. 2018 
 
 

15 
 

Ghosh, A. and Sil, P.C. (2008) A protein from 
Cajanus indicus Spreng protects liver and kidney 
against mercuric chloride‑induced oxidative stress. 
Biological and Pharmaceutical Bulletin. 
31(9):1651‑1658. 
Grandjean, P., Weihe, P. and White R. F. (1997) 
Cognitive deficit in 7-year-old children with prenatal 
exposure to methylmercury. Neurotoxicology and 
Teratology. 19(6)417-428. 
Grant, L. D. and Lipman, M. (2009) Human exposure 
and their effect. Environmental toxicant; 3rd ed. 108-
112. 
Hemila, H. and Louhiala, P. (2007) Vitamin C for pre-
venting and treating pneumonia. Cochrane Database 
System Review. 24;(1):CD005532 
Ibegbu, A. O., Animoku, A. A., Ayuba, M., Brosu, D., 
Adamu, S. A., Akpulu, P., Hamman, W. O., Umana, 
U. E. and Musa, S. A. (2013) Effect of ascorbic acid 
on mercuric chloride-induced changes on the cere-
bral cortex of Wistar rats. African Journal of Cellular 
Pathology. 1:23-29. 
Ibegbu, A. O., Animoku, A. A., Ayuba, M., Brosu, D., 
Adamu, S. A., Akpulu, P., Hamman, W. O.,  Umana, 
U. E. and Musa, S. A. (2014) Effect of ascorbic acid 
on mercuric chloride-induced changes on the 
histomorphology of the cerebellum of Wistar rats. 
African Journal of Cellular Pathology. 3:9-15. 
Jacob, R. A. (1999) Vitamin C. In: Maurice, S., 
James, O., Moshe, S. and Catherine R.B. (eds.). 
Modern Nutrition in Health and Disease. 9th Edition. 
Philadelphia: Williams & Wilkins. 467-482.  
Johnson, F.O. and Atchison, W.D. (2009) The role of 
environmental mercury, lead and pesticide exposure 
in development of amyotrophic lateral sclerosis. 
NeuroToxicology 30(5):761-765.  
Jomova, K. Vondrakova, D. Lawson, M. and Valko, 
M. (2010) Metals, oxidative stress and neurodegen-
erative disorders. Molecular and Cellular Biochemis-
try. 345(1-2):91-104. 
Mahmoud, A., Mokhtar, M. M. and Hanaa, G. A. 
(2017) Neurodegenerative disorders associated with 
mercuric chloride toxicity in mice and the role of 
some antioxidant. International Journal of Science 
and Research. 6:1253-1260. 
Material Safety Data Sheet (MSDS). (2008) Safety 
data for Mercuric Chloride Physical and Chemical 
Properties. Janssen Pharmaceutical 3a. 2440 Geel, 
Belgium.  
McGregor, G. P. and Biesalski, H. K. (2006) Ra-
tionale and impact of vitamin C in clinical nutrition. 
Current Opinion in Clinical Nutrition and Metabolic 
Care. 9(6):697-703. 
Moreira, P. I., Sayre, L. M., Zhu, X., Nunomura, A., 
Smith, M. A. and Perry, G. (2010) Detection and lo-
calization of markers of oxidative stress by in situ 

methods: application in the study of Alzheimer dis-
ease. Methods Molecular Biology. 610:419-434. 
Mutter, J., Curth, A., Naumann, J., Deth, R. and 
Walach, H. (2010) Does inorganic mercury play a 
role in Alzheimer’s disease? A systematic review and 
an integrated molecular mechanism. Journal of 
Alzheimers Disease. 22(2):357-374.  
Nishikimi, M. (1975) Oxidation of ascorbic acid with 
superoxide anion generated by the xanthine-xanthine 
oxidase system. Biochemistry and Biophysics Re-
search Communication. 63:463-468. 
Onyeike, E. N., Obbuja, S. I. and Nwinuka, N. M. 
(2002) Inorganic ion levels of soils and streams in 
some area of Ogoni land, Nigeria as affected by 
crude oil spillage. Journal of Environmental Monitor-
ing Assessments. 73:191-205. 
Padayatty, S. J., Katz, A., Wang, Y., Eck, P., Kwon, 
O., Lee, J., Chen, S. and Corpe, C. (2003) Vitamin C 
as an antioxidant: evaluation of its role in disease 
prevention. Journal of the American College of Nutri-
tion. 22(1):18–35. 
Sujatha, K., Srilatha, C., Anjaneyulu, Y. and 
Amaravathi, P. (2011) Lead acetate induced ne-
phrotoxicity in wister albino rats. A pathological 
immunohistochemical and ultra-structural studies. 
International Journal of Pharmaceutical and Biosci-
ences. 2:2-11.  
United Kingdom Food Standards Agency (UKFSA). 
(2007) Vitamin C risk assessment. Available from: 
http://www.food.gov.uk/multimedia/pdfs/evm_c.pdf. 
Accessed: 15 October  2012]. 
Valey, H., Gevenlock, A. and Bell, M. (1980) Practical 
Clinical Biochemistry. 15th ed. London: William 
Heinemen Medical, Books, Ltd. 741-897.  
Vasudevan, D. M. and Sreekumari, S. (2007) Text-
book of Biochemistry For Medical Students. 5th ed. 
New Delhi: Jaypee Brothers Medical Publishers 
Ltd.143-223.  
Wolf, U., Rapoport, M. J. and Schweizer, T. A. (2009) 
Evaluating the affective component of the cerebellar 
cognitive affective syndrome. Journal of Neuropsy-
chiatry and Clinical Neuroscience. 21(3):245-253. 
World Health Organization (WHO) (2001) Area of 
work: Nutrition. Progress report 2000. Geneva: World 
Health Organization. http://www.who.int/nutrition 
/publications/obesity/WHO_NHD_02.3/en/. 
World Health Organization (WHO) (2003) Elemental 
mercury and inorganic mercury compounds: Human 
health aspects. Concise International Chemical As-
sessment Document. CICAD 50. Geneva: World 
Health Organization. www.who.int/ipcs/publications/ci 
cad/en/cicad50.pdf. 
World Health Organization (WHO) (2005) Mercury 
TRAINING MODULE. WHO Training package for 
Health Sector. Geneva: World Health Organization. 
www.who.int/phe/news/Mercury-flyer.pdf. 
 

_______________________________________________________________________________________ 
© Copyright Nigerian Journal of Neuroscience. All rights reserved. 


