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ARTICLE INFO

ABSTRACT

Mercury chloride (HgCl2) is a harmful pollutant that accumulates in fish tissues, and this study
examines its effects on the behaviour and neurological health of Clarias gariepinus. Juvenile
fishes (120) procured from the same brood were used in this study. The fish were acclimatised for
14 days before exposure to HgCl> concentrations of 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 mg/L in a 96-
hour acute toxicity test. Mortality and behavioural responses were recorded, and the LCso value
from Probit regression informed the selection of sublethal concentrations of 0.067, 0.130, 0.200,
and 0.267 mg/L for a 28-day sublethal test. After exposure, fish were anaesthetised and dissected,
with brain samples analysed for biochemical markers such as acetylcholinesterase, glutamate
dehydrogenase, malondialdehyde, glutathione, succinate dehydrogenase, superoxide dismutase,
and nitric oxide. Data were analysed using one-way ANOVA and LSD post-hoc tests (p<0.05).
Histological analysis assessed neurodegeneration. Behavioural symptoms included erratic
swimming, balance loss, and increased mucus production, worsening with higher mercury
concentrations and prolonged exposure. Mortality rates rose with mercury levels, reaching 100%
at 1.2 mg/L within 48 hours. The LCso for HgCl2 was 0.267 mg/L. Biochemical results showed
increased activities of acetylcholinesterase, glutamate dehydrogenase, malondialdehyde, and
nitric oxide and decreased levels of glutathione, succinate dehydrogenase, and superoxide
dismutase in exposed fish. Histological examination revealed no brain changes in controls but
significant neurodegeneration in mercury-exposed fish, especially at 0.200 and 0.267 mg/L. These
findings highlight HgCl2’s severe neurotoxicity to Clarias gariepinus, affecting brain function
and inducing oxidative stress.
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Mercury compounds produce reactive oxygen species, impair
antioxidant defences, and result in oxidative damage to neuronal cells,

Introduction

Despite extensive evidence of its detrimental effects, pollution
continues to increase globally due to human activities!, with Nigeria
facing significant water quality issues from industrial effluents,
agricultural pesticides, petroleum activities, and other contaminants.?
The rise in industrial and agricultural activities leads to the release of
various pollutants, particularly metals, into aquatic ecosystems.® In
aquatic environments, mercury can bioaccumulate in fish and other
aquatic organisms, leading to potential toxicity and adverse health
effects.* Mercury chloride, a highly toxic and water-soluble compound,
poses significant threats to aquatic life due to its ready availability for
uptake by organisms like fish.5 Mercury chloride readily penetrates the
blood-brain barrier, accumulating in brain tissues, where it triggers
oxidative stress and disrupts neurotransmitter functions, thereby
targeting the central nervous system.®
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which in turn leads to behavioural and neurological alterations in
aquatic organisms.” Heavy metals can induce neurotoxic effects in fish
species, resulting in histopathological changes that affect both the
structure and function of their nervous system.® The African sharptooth
catfish, Clarias gariepinus (Burchell, 1822), is a widely researched
freshwater fish known for its broad geographic range, economic
significance, and ecological versatility.® Fish toxicity testing is an
efficient method for assessing the impact of environmental pollutants
on aquatic ecosystems, with Clarias gariepinus being a suitable test
organism due to its well-studied biology and resilient nature.°
Although the toxic effects of mercury compounds on aquatic organisms
are well documented, there is limited understanding of the specific
neurotoxicity of mercury chloride in Clarias gariepinus. Exploring
these effects will enhance knowledge of mercury toxicity mechanisms
and help develop strategies to mitigate its environmental impact.
This study aimed to investigate the neurotoxic effects of mercury
chloride on Clarias gariepinus by evaluating changes in neurological
enzyme levels, oxidative stress biomarkers, and behavioural responses.
It examined both acute and sub-lethal toxicities through static and
renewal bioassays, as well as neurohistopathological changes such as
neuronal degeneration, gliosis, and inflammation.

Materials and Methods

Collection of the Experimental Animals

A total of 120 juvenile Clarias gariepinus were procured from the same
brood and utilised in this study. The fish were obtained from Super Fish
Farm located in Ogbomoso, Nigeria (Latitude: 8.1383° N, Longitude:
4.2400° E) in March 2023 and transported to the fisheries laboratory at
the Department of Pure and Applied Biology, Ladoke Akintola
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University of Technology, Ogbomoso. The average total length and
body weight of the fish were 28.2 + 0.72 cm and 350.27 + 2.01 g,
respectively. Before the collection, the laboratory was prepared, and all
necessary materials were organised for the study.

Ethical Approval

All experimental procedures and materials were approved by the
Faculty of Basic Medical Sciences’ Ethical Research Committee of
Ladoke Akintola University of Technology, Ogbomoso, Oyo State,
Nigeria. The ERC Approval Number is
ERCFBMSLAUTECH:065/09/2024.

Reagents

Reagents used include anhydrous mercury chloride and Mercuric
chloride powder (98% purity) (Sigma-Aldrich, Sigma Chemicals Co.,
St. Louis, MO, USA), Glutamate Dehydrogenase (GDH) Activity
Assay Kit (KA3787) (Abnova, CA, USA), Acetylcholinesterase
Activity Assay Kit (Sigma Aldrich, St. Louis, MO, USA)

Experimental Designs

The fish were divided into two main categories: the first category
consisted of six treatment groups and a control group for the acute
toxicity test. The second category included four treatment groups and a
control group for the sublethal toxicity test, with each group
encompassing both treatment and control groups, contained ten fish.

Acclimatisation

The fish were housed in plastic containers measuring 28 x 24 x 42.5 cm,
filled halfway with 30 litres of water. They were acclimated to the
laboratory environment for 14 days, during which the water was
changed daily to avoid the buildup of waste metabolites and food debris.
The fish were fed conventional fish-feed pellets twice a day.

Acute Toxicity Testing

The acute toxicity test followed the methods recommended by the
American Society for Testing of Materials using a static bioassay
technique where the test media were renewed every 24 hours at the
same concentration.!* After the acclimatisation period, a range-finding
test was conducted using concentrations of mercury chloride between
0.2 mg/L and 1.5 mg/L, following the methodology of Guedenon et al.*?
This resulted in the establishment of a concentration gradient of 0.2
mg/L, 0.4 mg/L, 0.6 mg/L, 0.8 mg/L, 1.0 mg/L, and 1.2 mg/L with the
control group for the acute toxicity test. Ten juvenile catfish were
selected for each of the seven groups. The groups were placed in
separate plastic containers and exposed to varied concentrations for 96
hours. The plastic containers were covered with mosquito mesh nets to
prevent the fish from jumping out or moving between bowls. The fish
were fasted for 24 hours before and during the 96-hour exposure period.
The setup was monitored hourly to observe changes in fish behaviour,
and dead fish were removed. A fish was considered dead when
immobile with no opercular movement when probed with a glass rod.
The 96-h LCso of HgCl2 on Clarias gariepinus was calculated using
Finney Probit regression analysis of the mortality results.

Sublethal Procedure

The median lethal concentration (LCso) obtained from probit analysis
of the acute toxicity test was used to design the sublethal study. The
probit analysis showed that the 96-hour LCso of mercury chloride for C.
gariepinus was 0.267 mg/L, which was set as the highest dose for the
sublethal test. Fifty fish were randomly divided into five equal groups
of ten fish each. Group 1 served as the control, while Groups 2 to 5 were
exposed to sublethal concentrations of 0.067 mg/L, 0.130 mg/L, 0.200
mg/L, and 0.267 mg/L of mercuric chloride, respectively, for 28 days.
Behavioural responses and mortalities were recorded throughout the
exposure period.

Sample Collection

After the 28-day chronic test, the fish were given a 24-hour resting
period before sample collection began. They were anaesthetised with
ketamine and then dissected to remove their brains from the cranial
cavities. Each brain was quickly excised upon sacrifice, weighed, and
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stored in sterile plain bottles. The brain tissues designated for
histological analysis were preserved in formalin within sterile bottles.

Tissue Homogenisation

Five whole brains from each sublethal concentration were placed in
separate plain bottles for homogenisation. The brain samples were
homogenised using a mortar and pestle on an ice bath to maintain
enzyme activity during the process. A 0.1M phosphate buffer at pH 7.4
was prepared for homogenisation. The resulting homogenised brain
samples were stored in clean sample bottles and placed in a freezer to
prevent autolysis and microbial contamination.

Tissue Centrifugation
After homogenisation, the brain samples were centrifuged at 10,000 x
g for 15 minutes.

Biochemical Analysis

Determination of Acetylcholinesterase (AChE)

Acetylcholinesterase (AChE) activity was determined using the Ellman
method,*® which involves the reaction of thiocholine produced by
AChE with 5,5"-dithiobis(2-nitrobenzoic acid) (DTNB) to form a
yellow colour proportional to the AChE activity in the sample. The
Acetylcholinesterase Activity Assay Kit, based on this method, was
used. The test samples were diluted in an assay buffer, and a series of
dilutions was prepared. Each dilution (75 pL) was pipetted into a 96-
well plate, followed by the addition of substrate solution (75 pL) to each
well. After incubation for 10 minutes at room temperature, 150 pL of
working reagent was added to each well and mixed thoroughly. The
plate was incubated for 15 minutes at room temperature and protected
from light. Stop solution (75 pL) was then added to each well, mixed
gently, and the absorbance was measured at 412 nm using a microplate
reader.

Determination of Glutamate Dehydrogenase (GDH)

Glutamate dehydrogenase (GDH) activity was measured using the
Glutamate Dehydrogenase (GDH) Activity Assay Kit (KA3787) from
Abnova, United States. This colourimetric assay quantifies GDH
activity by measuring the conversion of NADH to NAD+, resulting in
a decrease in absorbance at 450 nm; the rate of this decrease is directly
proportional to the GDH activity in the sample. Test samples were
added to a 96-well plate along with assay buffer to achieve a total
volume of 50 pL per well. Then, 50 pl of reaction mix was added to
each well and mixed gently before incubating at room temperature for
30 minutes. The absorbance was measured at 450 nm using a microplate
reader, and GDH activity was calculated using the formula provided in
the kit manual.

The GDH activity was calculated using the following formula presented
in Equation 1:

GDH Activity (uU/mg) =

( AA450 ) x ( Vtotal ) (1)
Reaction Time(min)xVsample(ml) Sample Concentration (pg/ml)

Where: AA450 represents the change in absorbance at 450 nm, Vsample
denotes the volume of the sample used, Vtotal indicates the total
reaction volume, and Sample Concentration refers to the concentration
of the sample in the well.

Determination of the Nitric Oxide Concentration

Nitric oxide (NO) concentration was determined using the Griess
method, which measures nitrite production as an indicator of gas
production through a diazotisation reaction.’* The Griess Reagent
System employs a chemical reaction involving sulfanilamide and N-1-
naphthylethylenediamine dihydrochloride (NED) in acidic conditions
(phosphoric acid) to detect nitrite (NO2") in various biological and
experimental liquid samples, including plasma, serum, urine, and tissue
culture medium. The sensitivity to nitrite varies depending on the
matrix, with a detection limit of 2.5 uM (125 pmol) in ultrapure,
deionised distilled water.
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For the assay, 50 mL of the test sample was placed in a 96-well
microplate in quadruplicate, and Griess solution (1% sulfanilamide in
5% phosphoric acid and 0.1% NED in water) was added at room
temperature. After 10 minutes, the absorbance was measured at 550 nm
using an enzyme-linked immunosorbent assay (ELISA) plate reader.
Nitric oxide concentrations were calculated from a standard curve of
sodium nitrite and reported in millimolars (mM).

Determination of Malondialdehyde (MDA) Activity

The estimation of lipid peroxidation was conducted according to the
method established by Varshney and Kale.* This process relies on the
reaction between malondialdehyde (MDA) and thiobarbituric acid
(TBA), which forms an MDA-TBA adduct that exhibits strong
absorbance at 532 nm. For the assay, 0.4 mL of the samples was mixed
with 1.6 mL of Tris-KCI buffer, followed by the addition of 0.5 mL of
30% trichloroacetic acid (TCA). Next, 0.5 mL of 0.75% TBA was
incorporated, and the mixture was incubated for 45 minutes at 80°C,
resulting in a pink-coloured reaction mixture. After incubation, the
mixture was centrifuged at 3000 rpm for 15 minutes, and the absorbance
of the clear pink supernatant was measured at 532 nm using a
spectrophotometer.

Determination of Glutathione (GSH) Concentration

Glutathione (GSH) concentration was estimated using the method
described by Kuo et al.'®® GSH reduces hydrogen peroxide (H202) to
water (H20). 5,5-dithiobis(2-nitrobenzoic acid) (DTNB), a water-
soluble aromatic disulfide, reacts with thiol (SH) compounds at pH 8.0
to produce one mole of coloured complex per mole of thiol. The colour
intensity of this complex anion is measured at 412 nm to determine the
thiol (SH) concentration. GSH levels were expressed as pmol/mL of
tissue.

To measure GSH, 0.4 mL of the whole sample was mixed with 1.6 mL
of phosphate buffer and 2.0 mL of trichloroacetic acid (TCA) and
centrifuged at 3000 rpm for 15 minutes. Then, 1.0 mL of the
homogenate was added to 1.5 mL of Na2HPOjs solution and 0.25 mL of
DTNB. The colour intensity was measured at 412 nm against a reagent
blank.

Determination of Succinate Dehydrogenase (SDH) Activity

Succinate dehydrogenase (SDH) levels in brain tissues were
quantitatively measured using the method described by Beatty et al.*’
The assay mixture consisted of 1 mL of 0.1 M sodium succinate, 1 mL
of 0.2 M phosphate buffer at pH 7.5, 1 mL of 0.1% tetrazolium salt
(INT) solution, and 0.1 mL of brain homogenate. After thorough
mixing, the tubes were incubated at 37°C for 1 hour, and the reaction
was stopped by adding 0.1 mL of 30% trichloroacetic acid (TCA) to the
assay mixture. Then, 7 mL of ethyl acetate was added to each tube, and
they were centrifuged for 4 minutes after mixing to extract the colour.
The optical density was measured at 420 nm using a Shimadzu
UV/visible spectrophotometer. The results were calculated using the
molar extinction coefficient of the chromophore (1.36x104 M™) and
expressed as a percentage of the control.

The formula for calculating SDH activity in this assay is expressed in
Equation 2:

Absorbance of sample

SDH activity (%) = ( ) x100  (2)

Absorbance of control

Determination of Superoxide Dismutase (SOD) Activity

Superoxide dismutase (SOD) activity was determined using the method
of Misra and Fridovich,® which relies on the ability of SOD to inhibit
the auto-oxidation of epinephrine at pH 10.2 as the basis for a simple
assay. In this assay, 1 mL of the sample was diluted in 9 mL of distilled
water to obtain a 1 in 10 dilution. An aliquot of 0.2 mL of the diluted
sample was added to 2.5 mL of 0.05 M carbonate buffer (pH 10.2) and
equilibrated in the spectrophotometer. The reaction was initiated by
adding 0.3 mL of 0.3 M adrenaline to the mixture. The absorbance of
the sample was measured at 480 nm against the blank and monitored
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from 0 seconds to 3 minutes. The formula for determining SOD activity
is presented in Equation 3.
SOD activity (U/mg protein) =

(Absorbance of control — Absorbance of sample

) X Dilution factor
Absorbance of control x 50

©)

Tissue Processing for Histological Studies

Grossing

The tissues were examined and cut into small pieces no thicker than 4
mm, then placed in pre-labelled cassettes. They were immersed in 10%
formal saline for 24 hours for fixation.

Tissue Processing

Tissue processing was performed automatically using a Leica TP 1020
tissue processor. The tissues passed through various reagents, starting
with stations 1 and 2 containing 10% formal saline, followed by stations
3 to 7 with increasing concentrations of alcohol (70%, 80%, 90%, 95%,
absolute 1, and absolute 2) for dehydration. The tissues then went
through two changes of xylene at stations 8 and 9 for clearing before
being transferred to three wax baths for infiltration. The entire process
was programmed to run for 12 hours, with each station lasting 1 hour.

Embedding

Each processed tissue was embedded in paraffin wax using a semi-
automatic tissue embedding centre. The molten wax was poured into a
metal mould, where the tissue was orientated and buried. A pre-labelled
cassette was placed on top, and the assembly was transferred to a cold
plate to solidify. The resulting tissue block was then removed from the
mould.

Microtomy

The blocks were trimmed to expose the tissue surface using a rotary
microtome set to 6 micrometres. The surfaces were cooled on ice before
sectioning, which was done at 4 micrometres to create ribbon sections.

Floating
The sections were floated on a water bath (Raymond Lamb) set at 45°C
and then picked up using clean slides, which were labelled accordingly.

Drying
The slides were dried on a hot plate (Raymond Lamb) set at 60°C for 1
hour.

Staining
The staining technique employed was the Haematoxylin and Eosin
method, following the procedure outlined by Avwioro.*°

Procedure for Haematoxylin and Eosin (H and E) Staining

The tissue sections were dewaxed in xylene for 15 minutes, followed
by passage through a series of alcohol solutions (absolute, 95%, and
70%) and rinsed with water. They were then stained with Harris
haematoxylin for 5 minutes, briefly differentiated in 1% acid alcohol,
blued under running tap water for 10 minutes, and counterstained with
1% aqueous eosin for 2 minutes. Finally, the sections were dehydrated
in ascending grades of alcohol, cleared in xylene, and mounted using
DPX.

Statistical Analysis

All mortality results were analysed in relation to the varying
concentrations of mercury chloride. Finney’s Probit regression analysis
was employed to calculate the median lethal concentration (LCso). The
brain biochemical parameters for each fish in the control and
experimental groups were measured, analysed, and reported as the mean
+ SEM. One-way analysis of variance (ANOVA) was performed on the
data to determine significance at p < 0.05. A Fisher’s Least Significant
Difference (LSD) post-hoc test was used to make pairwise comparisons
between the control and each treatment group for each biochemical
parameter. The analyses were conducted using SPSS version 25 (2017),
while charts were plotted using GraphPad Prism 5 (2010).
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Results and Discussion

During acute toxicity tests on juvenile Clarias gariepinus, erratic
swimming, sluggishness, and excessive mucus production were
observed, particularly at mercury chloride concentrations of 0.8 mg/L,
1.0 mg/L, and 1.2 mg/L. Symptoms such as hyperactivity, respiratory
distress, and loss of balance were noted, consistent with findings from
Guedenon et al.! Longer exposure times were linked to higher
mortality rates, indicating significant neurotoxic effects from mercury
concentration. Increased mucus secretion may result from toxicity,
while elevated opercula movement suggests respiratory distress due to
gill impairment.?® Skin peeling indicates epithelial damage, and
vomiting reflects impaired gut motility. Overall, mercury exposure
causes severe behavioural changes and increased mortality in aquatic
organisms.

The study assessed the mortality rates of Clarias gariepinus (n=10)
exposed to varying concentrations of mercury chloride (HgCl2) over 96
hours (Table 1). The control group had 0% mortality, while higher
concentrations and longer exposure times increased mortality, reaching

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

100% at 1.2 mg/L within 48 hours. The first death was observed 45
minutes after exposure at the highest concentration, and no deaths
occurred in the control group, confirming that fatalities were due to
mercury toxicity. Mortality rates were 50% at 0.2 mg/L, 60% at 0.4
mg/L, 70% at 0.6 mg/L, 80% at 0.8 mg/L, and 100% at 1.0 mg/L,
demonstrating a dose-dependent response. This suggests that as the
concentration increases, the likelihood of mortality also rises, which
aligns with findings from previous studies on heavy metal toxicity in
aquatic organisms.? 22 Although C. gariepinus generally shows
resistance to various toxicants,! 2 exhibited limited resistance to
mercury. The estimated median lethal concentration (LCso) for mercury
chloride was found to be 0.267 mg/L, with a 95% confidence interval
ranging from 0.067 mg/L to 0.401 mg/L (Table 2). The relatively low
LCso value may be attributed to the juvenile stage of the organisms,
aligning with findings from Ishikawa et al.?* and Shyong and Chen? in
other fish species.

Table 1: Mortality of Clarias gariepinus (n=10) exposed to acute mercury chloride (HgCl,)

No of Deaths at 24, 48, 72 and 96 hours

HgCl, (mg/L) Fish (n=10) Mortality
24h 48h 72h 96h

Control 10 0 0 0 0 0
0.20 10 1 2 1 1 5
0.40 10 2 2 1 1 6
0.60 10 2 1 2 1 6
0.80 10 3 3 1 1 8
1.00 10 3 4 3 - 10
1.20 10 4 6 - - 10

Table 2: Probability-Concentration Estimates and Confidence Intervals for LCs of Mercury Chloride in Clarias gariepinus at 96 Hours

Concentration

Probability Estimate Lower Bound Upper Bound
.010 0.025 0.000 0.083
.050 0.050 0.001 0.129
.100 0.073 0.003 0.163
.200 0.114 0.008 0.218
.500 0.267* 0.067 0.401
.600 0.347 0.146 0.506
.900 0.985 0.651 3.676
.990 2.847 1.361 60.157

* is the median lethal concentration (LCso) estimate at 96h

Lower and Upper bounds indicate 95% Confidence Limits for Concentration.

The mean and standard error values for each biochemical parameter
across four exposed groups and a control group are presented in Table
3. The study revealed a dose-response relationship between mercury
chloride concentration and acetylcholinesterase (ACHE) activity in the
brain of Clarias gariepinus (Figure 1), with higher mercury levels

increasing ACHE activity compared to the control (0.06+0.01 umol/g
tissue), indicating neurotoxic effects on cholinergic neurotransmission
and potential erratic swimming, consistent with findings in other fish 2
Glutamate dehydrogenase (GDH) activity increased with mercury
concentration (Figure 2).
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Table 3: Dose-Dependent Effects of Mercury Chloride on Biochemical Parameters in the Brain Tissue of Clarias gariepinus

Biochemical Parameters Control 0.067 0.130 0.200 0.267 P-value
ACHE pmol/gtiss 0.06+0.01 0.09+0.01 0.08+0.03 0.12+0.01 0.15+0.02 0.016*
GDH pmol/gtiss 2.26+0.65 2.58+0.40 3.23+0.51 3.55+0.60 4.19+0.40 0.107
MDA nmol/gtis 19.05+1.74 26.15+1.20 29.81+1.07 33.33+0.46 37.85+1.45 0.000*
GSH pmol/gtiss 1.93+0.21 1.52+0.23 1.07+0.08 0.98+0.06 0.88+0.15 0.001*
SOD pmol/gtiss 53.23+5.68 49.00+6.23 46.27+6.71 38.81+7.68 24.88+2.70 0.028*
SDH pmol/gtiss 14.40+0.39 13.99+0.88 12.89+1.09 9.37+1.76 10.05+1.24 0.016*
NO pmol/gtiss 13.70+1.27 17.14+1.53 20.01+1.36 25.12+2.01 25.2940.70 0.000*
*indicate significance at p-value < 0.05
—0.003 Still, differences were not statistically significant (p > 0.05), except
0.20- . P . between the control group (2.26+0.65 pumol/g tissue) and the highest
' p=0.024 sublethal dosage of 0.267 mg/L (4.19+0.40 pmol/g tissue). Mercury
f ) exposure may elevate extracellular glutamate levels,?” disrupting
8 0.154 p=0.539 neuronal  function and  causing  oxidative  stress in
k=) L J fish.2Malondialdehyde (MDA) levels significantly increased with
S p=0.376 mercury exposure (Figure 3), peaking at 0.267 mg/L (37.85%1.45
§_ 0.104 : T nmol/g tissue), indicating oxidative damage and lipid peroxidation.
L
T
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Figure 1: Acetylcholinesterase activities in the brain of Clarias IS .
gariepinus exposed to varying concentrations of Mercury 2
. 204
Chloride. g
The bar and error bar represent mean + SEM p-values were 10-
determined by One-way ANOVA and LSD Post Hoc Test for
multiple comparisons, and p<0.05 were considered significantly _ .
control  0.067 0.130 0.200 0.267

different.

p=0.016
5 ' p=0.095 '
p=0.203
S B !
é_’ p=0.666 |
S 31
1S
=
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o
(O]
1
control  0.067 0.130 0.200 0.267

Concentrations of HgCl,

Figure 2: Glutamate Dehydrogenase activities in the brain of
Clarias gariepinus exposed to varying concentrations of
Mercury Chloride.

The bar and error bar represent mean + SEM, p-values were
determined by One-way ANOVA and LSD Post Hoc Test for
multiple comparisons, p<0.05 were considered significantly
different.

Concentrations of HgCl,

Figure 3: Malondialdehyde concentrations in the brain of
Clarias gariepinus exposed to varying concentrations of
Mercury Chloride.

The bar and error bar represent mean + SEM p-values were
determined by One-way ANOVA and LSD Post Hoc Test for
multiple comparisons, and p<0.05 were considered significantly
different.

These findings align with other studies and may explain physiological
symptoms like skin peeling and excess mucus production.? Superoxide
dismutase (SOD) activity declined at higher mercury concentrations,
with the control group exhibiting the highest activity (53.23+5.68
pmol/g tissue) and the lowest at 0.267 mg/L (24.88+2.70 umol/g
tissue), as shown in Figure 4. This decrease suggests a reduced capacity
to neutralise superoxide radicals and increased cellular damage.®
Glutathione (GSH) levels also decreased with rising mercury
concentration, from 1.93+0.21 pmol/g tissue in the control group to
0.88+0.15 pmol/g tissue at 0.267 mg/L, as shown in Figure 5, indicating
compromised antioxidant defences and greater vulnerability to
oxidative stress.®!
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Figure 4: Superoxide dismutase concentrations in the brain of
Clarias gariepinus exposed to varying concentrations of
Mercury Chloride.

The bar and error bar represent mean + SEM p-values were
determined by One-way ANOVA and LSD Post Hoc Test for
multiple comparisons, and p<0.05 were considered significantly
different.
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Figure 5: Glutathione concentration in the brain of Clarias
gariepinus exposed to varying concentrations of Mercury
Chloride. The bar and error bar represent mean + SEM p-values
were determined by One-way ANOVA and LSD Post Hoc Test
for multiple comparisons, and p<0.05 were considered
significantly different.

Nitric oxide (NO) levels significantly increased with mercury exposure,
reaching 25.29+0.70 pmol/g tissue at 0.267 mg/L compared to
13.70+1.27 pmol/g tissue in the control (Figure 6). This increase in
nitric oxide level indicates inflammation and cellular distress, which
supports findings that elevated NO is a typical response to heavy metal
stress.®? Succinate dehydrogenase (SDH) activity significantly
decreased with mercury exposure (Figure 7), indicating impaired
mitochondrial function and reduced energy supply for cells.®

Neurohistology effectively assesses brain integrity and early
neurotoxicity in aquatic organisms.3* This study found that the control
group of juvenile Clarias gariepinus exhibited normal histological
features (Figure 8), including an intact diencephalon and granular layer
in the cerebellum, indicating preserved neuronal structures essential for
sensory processing and motor control,®® with no significant lesions
present. This aligns with previous studies on healthy fish.% In contrast,
exposure to 0.067 mg/L HgCl: revealed significant neurotoxic effects,
with damaged neuronal cells in the cortex indicating mercury exposure
(Figure 9). Atrophic glial cells and mild gliosis suggested a reactive
response, although excessive gliosis may worsen neuroinflammation.’
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Figure 6: Nitric Oxide concentrations in the brain of Clarias
gariepinus exposed to varying concentrations of Mercury
Chloride.

The bar and error bar represent mean + SEM p-values were
determined by One-way ANOVA and LSD Post Hoc Test for
multiple comparisons, and p<0.05 were considered significantly
different.
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Figure 7: Succinate dehydrogenase activities in the brain of
Clarias gariepinus exposed to varying concentrations of
Mercury Chloride. The bar and error bar represent mean + SEM
p-values were determined by One-way ANOVA and LSD Post
Hoc Test for multiple comparisons, and p<0.05 were considered
significantly different.

Photomicrographs of fish exposed to 0.130 mg/L HgCl. showed
significant alterations in the diencephalon, particularly in the cortex,
indicating structural damage and neuronal cell degeneration (Figure
10). Higher concentrations (0.200 mg/L and 0.267 mg/L) resulted in
further structural changes, including disorganisation and damage to
neuronal layers (Figures 11 and 12), consistent with neurotoxic effects
from mercury exposure.®® At 0.267 mg/L, extensive gliosis and severe
neuronal degeneration were observed, highlighting significant
neurotoxic effects (Figure 12). This extensive gliosis indicates a
pronounced inflammatory response, potentially disrupting neuronal
circuits.® Severe degenerative changes in neuronal morphology due to
mercury exposure, including cellular shrinkage and vacuolation, along
with disrupted cerebellar architecture, may lead to behavioural
abnormalities in affected fish.*°

5714

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, November 2025; 9(11): 5709 - 5717 ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Figure 8: Photomicrographs of the brain tissue sections of non-treated Clarias gariepinus showing a normal diencephalon
with a normal granular layer and monocellular areas (white arrow), cortex with normal neuronal cells (blue arrow), and
typical glial cells (green arrow).

Figure 9: Photomicrographs of the brain tissue sections of Clarias gariepinus exposed to 0.067 mg/L HgCl, showing a
diencephalon area with normal cerebellum (white arrow), moderately deteriorated and depleted neuronal cells (green
arrow), an area of mild gliosis (slender white arrow), and a few atrophic glial cells (blue arrows)

Figure 10: Photomicrographs of the brain tissue sections of Clarias gariepinus exposed to 0.130 HgCl. revealing the
diencephalon with poor cortex structure (white arrow), neuronal cell degeneration and the population is very low (black arrows);
and a few atrophic glial cells (blue arrow).

Figure 11: Photomicrographs of the brain tissue sections of Clarias gariepinus exposed to 0.200 HgCl, revealing a
diencephalon with poor cortex structure (white arrow) and a normal cerebellar granular layer (green arrow), and a few
shrunken neurons (slender arrow).

Figure 12: Photomicrographs of the brain tissue sections of Clarias gariepinus exposed to 0.267 HgCl, show a diencephalon
with poor cortex organization (white arrow), a restricted granular layer of the cerebellum with significant chromatolysis
(blue arrow), extensive gliosis (slender arrow), and severe degenerative alterations in neuronal cells (black arrows).
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Conclusion

This study highlights the significant toxic effects of mercury chloride
on the behaviour and neurological health of Clarias gariepinus,
particularly in juvenile fish. The observed behavioural changes and
neurotoxic biomarkers indicate the urgent need for effective
management strategies to mitigate mercury pollution and protect
aquatic ecosystems. Future research should focus on the long-term
ecological impacts of mercury exposure, explore the mechanisms
underlying neurotoxicity, and assess the effectiveness of remediation
strategies. In addition, studies should investigate the effects of
combined pollutants to understand better their cumulative impact on
aquatic biodiversity and ecosystem health.
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