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Abstract
Brain is one of the major critical organs susceptible to mercury insult; mercury (Hg) is known to induce
adverse health effects. Turmeric has been widely used as herbal drug to treat or prevent neurodegenerative
diseases. The study investigated the role of ethanolic extract of turmeric on neurobehavioral,
neuropathological and oxidative stress biomarkers in mercury-induced neurotoxicity. Twenty five Wistar
rats were divided into five groups for the study. Groups I received distilled water only. Groups II, III and
IV received constant dose of 24.9mg/kg mercury chloride, followed by 1500mg/kg, 1000mg/kg and
600mg/kg of the turmeric extract respectively. While groups V received 1000mg/kg of turmeric extract
alone, administration lasted for two weeks. Neurobehavioral evaluations including beam walking,
Montoya staircase and novel object recognition test for motor coordination, skill and short term memory
test were conducted respectively. Serum was analyzed for superoxide dismutase (SOD) and Glutathione
(GSH) while the hippocampus and cerebellar tissues were processed using routine histological techniques.
A significant (p<0.01) increase and decrease was observed in the mean exploration time for the familial
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and novel objects recognition respectively. Foots slips were significantly high(p<0.01) among groups that
received mercury and low doses of turmeric as compared to the control and extract groups while time
taken to cross the beam was significantly higher (p<0.01) as compared to all other experimental groups.
GHS and SOD levels in the cerebellar cortex and hippocampus showed a significant increase and
decrease(p<0.05) among groups that were administered Hg+1500mg/kg and Hg+600mg/kg respectively.
In the hippocampus, their levels increased in groups that received Hg +1500mg/kg and 1000mg/kg it
decreased among the Hg+600mg/kg groups. Histopathological examination of the Purkinje and
pyramidal cells revealed nuclei disintegration and loss neuronal fibers. Mean cell volume of the Purkinje
cells and pyramidal cell increased significantly (p<0.05).Exposure to Mercury and low doses of turmeric
causes motor and memory deficits, cells death via cytotoxicity, apoptosis and oxidative stress in the
cerebellar cortex and hippocampus of adult rats.
Keywords: motor, memory, mercury, turmeric, oxidative stress
Introduction
Heavy metal toxicity has been proven to be a major burden to human and animal health. There
are several health risk associated with its exposure (Maximino et al., 2010). Mercury is an
element that occurs naturally and found in air, water and the earth’s crust. It is released into the
environment by activities that include that of humans, volcano and weathering of rocks.
Mercury has severe effects on the nervous, digestive and immune systems, and on lungs, skin
and kidneys (Ye et al., 2016). Mercury exist in three forms i.e. metallic form is in its pure and
uncombined form, inorganic form which is more commonly found in nature (to which people
may be exposed through their occupation) and organic form which occurs when mercury
combines with other elements (e.g., methyl mercury, which people may be exposed to through
their diet). These forms of mercury differ in their degree of toxicity and in their effects on the
body (Adamu et al., 2019).
Turmeric is mostly applied as an additive, normal yellow agent, fragrance materials in perfume
and food additive (Hatcher et al., 2008). The abundant chemical ingredient in turmeric is a
polyphenolic compound known a curcuminoids which include bisdemethoxycurcumin and
desmethoxycurcumin (Ellerkamp et al., 2016). Curcumin is the most active component of
turmeric and has the highest concentration in the total spice (Aggarwal et al., 2005). Curcumin
have been applied in the history of medicine for treatment of several ailments and current
physiological studies have been under the quest to understand its fruitful effects (Aggarwal et
al., 2003). According to studies on animal models, cultured cells, and human, clinical trials
findings, Curcumin may be effective treatment for immune-system diseases, coronary artery
diseases neurodegenerative disorders, respiratory and cardiac failures, gastrointestinal diseases
(Yu et al., 2012), parasitic infections, urinary system failures, joints pain, dental problems, and
inflammation (Goo et al., 2015). Curcumin have also been elucidated to control cancer (Chen et
al., 2015) exhibit anti-microbial, and anti-genotoxic effects (Yun and Lee., 2016).
The health benefits of turmeric stems from its main phyto-constituent which is Curcumin. The
anti-apoptotic antioxidant, anti-inflammatory and immunomodulatory actions of Curcumin
channeled to the control of reverse destructive courses (Yun and Lee.,2016).Moreover, turmeric
has also been proven to have the protective effects and diseases management against poisonous
agents, induced toxicity via various method (Mendonça et al., 2015). Industrial emission,
combustion of fossil fuel power, mining activities, and application of mercury in drugs and
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cosmetic products causes high levels of mercury exposure. Many have suffered the burden of
this toxic substances without any alternative to treatment. These may causes memory, motor
dysfunction and other neurodegenerative conditions. The present study evaluates the potential
therapeutic values of turmeric ethanolic extract in mercury induced neurotoxicity.
Materials and Methods
Plant material
Turmeric, with the voucher number ABU06783 was obtained from herbarium of Botany
Department, Ahmadu Bello University, Nigeria.It was extracted using Ethanol according to
methods of Doukkali et al.,(2015).
Chemical substances
Mercury chloride (May and Baker, Dagenham England) with an LD50 of 166mgkg was used to
induce of neurotoxicity and this was done according to the method of Ibegbu et al., 2014 and
Adamu et al., 2019).
Experimental Design
Animals, Grouping and Dosing
Twenty five (25) apparently healthy male Wistar rats were obtain from animal facility of
Pharmacology Department, Ahmadu Bello University, Nigeria. They were acclimatize at
Human anatomy department animals’ facility for two weeks and randomly divided in to five
groups.Animals had access to water and fed (Growers mash) adlibithum. Rats were divided into
five groups of five animals each. Group 1 served as the control and was administered distilled
water only.Groups II, III and IV were administered a constant dose of 24.9mg/kg mercury
chloride, followed by 1500mg/kg, 1000mg/kg and 600mg/kg of the turmeric extract
respectively. Groups V were given 1000mg/kg of turmeric extract alone. The administration
was done orally for two weeks. Animal handling in the present study was carried out according
to the Ahmadu Bello University, Nigeria ethical committee guidelines on animals use and care.
Neurobehavioral Assessment
Novel object recognition test
The novel object recognition (NOR) task involves the use of natural preference for novel objects
displayed by rodents to assess cognitive alterations associated with aging, genetic
manipulations, or drug treatments (Ennaceur, 2010).The NOR task was evaluated by measuring
the differences in the exploration time of novel and familiar objects (Antunes and Biala, 2012).
The task procedure consisted of three phases: habituation, familiarization, and test phase. In the
habituation phase, each animal was allowed to freely explore the open field apparatus
(60×60×30 cm3) for two minutes in the absence of objects. During the familiarization phase, a
single
animal
is
placed
in
the
open
field
arena
containing
two identical sample objects (A + A), for three minutes (Ennaceur et al., 1989) while during the
test phase, the animal is returned to the open field arena with two objects, one is identical
to the sample and the other is novel (A + B) for 3 minutes. The objects were placed in the same
locations as in the training trial. A recognition index was calculated for each animal and this
was expressed as TN/(TF+TN) [TF-time spent exploring the familiar object; TN-time spent
exploring the novel object] (Ennaceur, 2010).
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Montoya staircase Test
A modified version of the staircase test by Montoya stair case (Montoya et al., 1990) was used
for evaluation of the forelimb food pellet attainment and grasping abilities of the rats from
different levels of a staircase after drug and substance administration (treatment). The test was
preceded by 20hrs of food deprivation. The test apparatus has an elevated central platform with
a staircase on both sides. The staircases have six steps of which the five upper steps were each
baited with a food pellet. The rat was placed on the platform and was allowed to collect the
pellets during four trials each of five min duration. During each trial, the number of pellets
reached but dropped as well as successfully retrieved pellets from both sides were calculated.
After each test, the rats were given approximately 15g of standard food pellets.
Animal Sacrifice
Twenty four hours after the last day of administration, animals were humanely sacrificed under
chloroform anesthesia. The brain tissues were immediately harvested. Part of the brain tissue
wasfixed in Bouin’s fluid for histological and biochemical analysis while the other part was
placed on ice and homogenated for use for other biochemical assays.
Biochemical studies
Oxidative stress determination
The cerebellar cortex and the hippocampal tissues were collected and prepared according to the
method of Bogdanska et al. (2003). Brain tissue was homogenized in 10ml of a medium
containing a solution of 0.1 M sodium phosphate 10 w/v pH7.4. The homogenate was
centrifuged at 4000 per gram for ten minutes (Centrifuge Hitachi CR21, Hitachinaka, Japan).
SOD activity was determined according to the method of Guemouri et al., (1989).Absorbance
was measured every 30 seconds up to a total of 150 seconds at 480nm from where the SOD
activity was calculated. Concentration of reduced GSH was measured according to the method
of Hayesand McLellan., 1999)and the absorbance was read at 412 nm.
Tissue Processing:
The excised brain tissues was processed using routine histological techniques. Tissues were
sectioned at 5-6 μm thickness and stained with hematoxylin (H) and eosin (E) for general tissue
architecture (Sheehan and Hrapchak, 1980).
Mean Cell Volume Analysis
Cell volume is the amount of space the cell occupies and is found by multiplying the
length of the cell by the width and by the height of the cell (Oscar et al., 2011). Digimizer
V4.0 ©MedCalc Software-bvba was used for calculating cell volume according to manufacturer’s
instruction (Dorph-Petersen et al., 2001).
Statistical Analysis
GraphPad prism v8.0.1 and Digimizerv4.0 were used for the statistical analysis and mean cell
volume analysis respectively. Data obtained was expressed as mean ± SEM (Standard error of
mean). One Way Analysis of Variance (ANOVA) was used to compare the Mean difference
between and within the groups and a P-value less than 0.05 was considered to be statistically
significant, Tukey post hoc test was used.
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Results
Short Term Memory Test Using Novel Object Recognition Test
The result expressed a significant decrease (p<0.01)in mean exploration time for novel object
over the familial object in groups administered with Hg +1500mg/kg extract and 1000mg/kg of
turmeric extract respectively as shown in figure 1.Asignificant increase (p≤0.01) in the mean
exploration time of the familial objects among animals that received Hg + 600mg/kg extract of
turmeric was observed as indicated in Figure 1.
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Figure1: Short Term Memory Test Using Novel Object Recognition Test. One-way ANOVA followed by LSD post
Hoc test Mean ± SEM *= P ≤ 0.05, **= P ≤ 0.01

Beam work test for Motor balance
The animals during beam walking test present no foot slips while crossing the beam for the
control and Hg+15000mg/kg. Animals that received Hg +600mg/kg experienced foot slips
which was statistically significant (P ≤ 0.05) when compare to other experimental groups as
shown in Figure 2a. Groups that received Hg +600mg/kg and Hg +1000mg/kg showed a
significant increase (P ≤ 0.05) in the mean latency time to cross the beam as indicated in Figure
2b
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Figure 2: slips of experiential rats while crossing the beam (a) and mean time taken the cross the beam (b). ANOVA
Mean ± SEM Turkey post Hoc test * = P- value ≤ 0.05, ** = P- value ≤ 0.01
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Skills motor coordination using Montoya Staircase
During the experiment, rats in the control, 1500mg/kg and 1000mg/kg extract group showed
skill and ease of movement up the staircase. Time taken during the motor skill exercise was
significantly lower (P ≤ 0.05) in these groups as compare to the Hg+600mg/kg group as shown
in Figure 3. An increase in time taken to move across the stair case was significantly higher (P ≤
0.05) when compare to the control group as shown in Figure 3.
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Figure 3: motor skills activity during Montoya staircase test. One Way ANOVA followed Turkeys by post Hoc test;
result expressed as Mean±SEM * = p ≤ 0.05

Oxidative Stress Biomarker Analysis
The assayfor oxidative stress biomarkers revealed that there was a significant increase
(27.80±7.56 and 18.50± 2.79) (p<0.05 and p<0.01) in levels of glutathione (GSH) among groups
that were administered Hg +1500mg/kg and extract group alone in the cerebellum and
hippocampus respectively. Superoxide dismutase showed significant decrease (18.34±3.03 and
6.08±1.26) in the cerebellum and hippocampus (p<0.05 and p<0.01) among groups of animals
that received Hg and 600mg/kg of turmeric.
Table 1: Oxidative Stress biomarker in cerebellum and hippocampus of rats treated with
mercury and ethanol extract of turmeric.
Cerebellum

Hippocampus

Groups
Control

GSH
31.40±0.94

SOD
20.60±0.98

GSH
13.91± 0.98

SOD
11.60±0.98

Hg +1500mg/kg

27.80±7.56*

18.72±1.35

14.90±6.55

10.72±1.35

Hg + 1000mg/kg

20.64±10.01

20.70±2.00

10.56± 2.55

12.70±2.00

Hg + 600mg/kg

18.34±3.03*

16.08±1.26*

11.21± 3.49

6.08±1.26**

Extract

30.50±3.17*

21.50±3.17

18.50± 2.79**

17.50±3.17**

One-way ANOVA followed by LSD post Hoc test Mean ± SEM *= P ≤ 0.05: **= P ≤ 0.05
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Histological Studies
The histological observations in the hippocampus of the control groups showed normal
neuronal cells with nerve fibers of the pyramidal cells. There was nuclei condensation,
fragmentation and displacement in the pyramidal cells of the CA3 region among groups of rats
administered Hg and turmeric at all dose as seen on Plate 1. While the groups of rats that
received turmeric extract alone revealed normal neuronal cells. Sections of the cerebellum
showed normalcyto-archetecture with molecular, Purkinje and granular cell layers of the
control group intact. Purkinje cell degeneration, loss of nuclei, pyknosis and necrosis were
observed among other treatment groups, with the exceptions of groups that received just the
extract of turmeric at 1000mg/kg as shown on Plate 2.

Plate 1: section of the hippocampus showing normal neuronal cells (NC), neuronal fibres (NF), axons (AX) of
pyramidal cells (A). B indicates condensed nuclei (CN), displaced nuclei (DN). Plate C and D, revealed neuronal
fibres (NF),axons(A)dendrites(D) and D has fragmented nuclei (FN),condensed nuclei(CN),displacement of
nuclei(AN) respectively while plate E, indicates neuronal fibres (NF) neuronal cells(NC) and some neuronal
fragmentation. H&E stain ×250
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Plate 2:A section of the cerebellum of animals with normalcyto-archicture,molecular layer (ML), Purkinje cell layer
(PCL) and granular layer (GL).Purkinje cell degeneration, loss of nuclei (LN), pyknotic Purkinje cells and also nuclei
fragmentation(FN) were observed in plate B. Fragmentation of nuclei (FN) and also pyknotic Purkinje cells (PPC) in
C. Purkinje cell degeneration, pyknotic Purkinje cells (PPC) and also nuclei fragmentation(FN) condense nuclei(CN)
as noticed in Plate D. While Plate E normal cyto-architecture of molecular cell layer(MCL), granular cell layer (GCL)
Purkinje cell layer(PCL), H&E stain ×250

Histomorphometric Analysis of the mean cell volume
Result obtained from this study showed a decrease in mean cell volume of animals treated with
Hg+600mg/kg while an increase in cellular volume was observed among groups that received
high dose of turmeric extract (1500mg/kg) as shown in Figure 4a. The mean cell volume
increased among groups that received doses of turmeric extract (1000mg/kg). A significant
decrease (p≤0.05) in cell volume was observed among groups that received
Hg+600mg/kg(Figure 4b).
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Figure 4: mean cell volume of the hippocampus and cerebellum of animals treated with Hg and turmeric ethanol
extract.

Discussion
The injuries due to mercury at numerous brain areas may be responsible for the behavioral
disturbances observed in this study. The findings of the present study employed different
methods to uncover the potentials of ethanolic extract of turmeric in ameliorating Hg
neurotoxicity behaviorally, biochemically and histologically. Finding of the current study
revealed that mercury is neurotoxic substance which impairs cognitive functions. This
corroborates work by Adamu et al.,(2019) who reported that mercury at all doses of exposure
impaired memory activities by formation of beta amyloid plaques. Though, it was noticed that
groups of animals that received higher doses of turmeric responded better during the novelty
test for short term memory in the current study. Findings are in line with the reports of Tang
and Taghibiglou (2017) who reported that turmeric has a component called Curcumin, which
targets markers of Alzheimer disease i.e. Aβ and tau, to exert neuroprotective effects. Anis et al.
(2020) also found that amyloid Aβ1-42 oligomer formation and disaggregation of the formed
fibrilsmay be due to low doses of turmeric. Low dose of turmeric was unable to ameliorate
mercury insult and hence cell degeneration due to mercury insult was observed. This does not
concur with the findings of Mozhdeh et al. (2019) who reported that turmeric reverses memory
impairment. Results of the short-term memory showed that turmeric extract has the ability to
ameliorate mercury-induced toxicity by showing improvement in decreased time taken to
explore the novel object among groupsthatreceived high doses of the extract. This might be due
to the fact that turmeric reverses impaired hippocampal damage and this wasin line with
findings by Yasmina et al., (2021) who reported that turmeric reverses impaired hippocampal
neurogenesis.
The cerebellum plays crucial role in controlling motor coordination, balance, muscle tone,
motor learning, and cognition (Oliveira et al., 2014). Groups of animals treated with low dose
turmeric extract and mercury experienced damage the cholinergic system in the cerebellum of
animals this could be the reason associated with neurobehavioral motor deficit as observed in
the present study. Turmeric was suggested to be a beneficial element for motor function
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recovery in rats following spinal cord injury (SCI).In another study, it was demonstrated that
turmeric ameliorates neuronal degeneration and functional recovery of motor functions in rats.
Oxidative stress markers plays important role in protection of the brain against toxic substance,
therefore, alteration of its status either by overproduction or deficits can result in brain damage
by toxic chemicals (Flora et al., 2012. The finding from this study revealed an increase in
glutathione (GSH) and superoxide dismutase (SOD) levels among groups that received high
doses of turmeric extract. This implies that the protective potential of turmeric extract may
involve the protection and provision of defense mechanisms against toxic effects of oxygen
metabolism. These antioxidant enzymes can, therefore, alleviate the toxic effects of ROS. This
was inline (Mahmoudi et al., 2019) who reported that Turmeric has a major antioxidant that
plays role in reducing some tissue damage by free radicals. Low doses of tumeric extract could
not ameliorate mercuy toxicty as such it could led to depletion in the concentration of oxidative
stress biomarkers in the hippocampus and cerebellum leading to the increase in ROS levels,
which will provoke lipid, protein, and DNA oxidation. Mahmoudi et al., (2019) reported that
turmeric extract has component that is believed to have extraordinary free radical scavenging
and antioxidant properties that strengthens the activities of anti-oxidant enzymes like
superoxide dismutase, catalase, and glutathione peroxidase.
Mercury chloride is neurotoxic compound which causes neuronal burden in the brain (John et
al., 2020). Mercury exposure in the cerebellar cortex and hippocampus causes damage to
Purkinje and pyramid cells (Gibran and Sri, 2019). The cerebellum has crucial role to control
motor coordination, balance, muscle tone, motor learning, and cognition (Oliveira et al., 2014).
The hippocampus is involved in consolidation, retrieval, memory and learning activities. In this
study many pathological lesions were presented in the hippocampus (CA3) and Purkinje cell
layer of the cerebellum. This lesion includes nuclear damage and some alteration in the cytoarchetecture of the cerebellar cortex and hippocampus. The cells exhibited eosinophilic
cytoplasm with darkly stained and irregular nuclei, leaving empty spaces between them. This
result was in accordance with the works of Ibegbu et al.(2014) and Adamu et al., (2019)who
reported similar findings of neuronal degeneration in mercury-induced neurotoxicity in the
hippocampus and cerebellum. However, treatment with turmeric extract at some point of the
study show effectiveness and present less destruction to Purkinje cells in the Purkinje cell layer
and pyramidal cells in the CA3 layer. Turmeric contains a component known as curcumin
whose function is to repair damaged cells and tissues caused by free radicals. Turmeric
possesses scavenging and chelating. Scavenger bindsto oxygen so as to prevent the occurrence
of oxidation reactions where as, chelators bind to metals and are able to catalyze the occurrence
of oxidation reactions (Gibran and Sri (2019).Pyramidal and Purkinje cells that have undergone
necrosis as well as loss of granules in the cerebellum observed in this study have also provided
support to the neurobehavioral effects observed indicating that low level of turmeric extract
was not ameliorative in mercury toxicity. Our results corroborate with findings previously
published by García-Niño and Pedraza-Chaverri, 2014 and Liu et al., 2017.Neuronal lesions
could be due to reactive oxygen species which may contribute to histopathological changes in
hippocampus and cerebral cortex of adult rats exposed to mercury.
Alterations of cellular volume are key events that occur during both cell proliferation and
apoptotic cell death. Cell proliferation involves an increase in cell volume while apoptosis is
typically associated with cell shrinkage (Delpire et al., 2010). Cell volume could affect neuronal
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excitability by affecting ionic gradients, ion channel activity, or cell volume regulatory release of
neurotransmitters (Verbalis et al., 2010). In the current study, it was found that groups of rats
that received Hg and low dose turmeric extract exhibited cell shrinkage as compared to groups
that received high dose of turmeric extract which had an increase in cell volume. Such volume
alteration could led to ion transport across the cell membrane 2Cl− and K+ channels. Cl−
channels modify cytosolic Cl− activity and mediate osmolytes flux, and thus influence cell
volume. Most Cl− channels allow exit of HCO3−, leading to cytosolic acidification, which in
turn inhibits cell proliferation and favors apoptosis. K+ exit through K+ channels decreases
cytosolic K+ concentration, which may sensitize the cell for apoptotic cell death.
Conclusion
Turmeric extract at high doses has the capability to avert cell dysfunction, cognitive and motor
impairment, oxidative stress and cellular volume due to mercury chloride toxicity. Turmeric
played a potential role in neuro protection as evident in cerebellar and hippocampal neuronal
restoration due mercury induced lesioned. The decrease in the number of pyramidal and
Purkinje cells is directly proportional to the increase in the dose of turmeric given in the current
study. Substantial evidence from the study suggested that turmeric has ameliorative ability on
Hg neurotoxicity as indicated behaviorally on short term memory test, motor skill and balance
coordination.
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