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Abstract— Fishes are one of the most important food
resources and are considered as sources of the primary
protein  worldwide. Ongoing freshwater pollution
increases the concentration of toxic metals in water and
negatively affects fish health. These pollutants, which
have a negative effect on fish, are released by agriculture,
industrial wastewater discharge, raw sewage extraction,
chemical waste, and oil spills due to fishing vessels.
Waterborne metal exposure affects the physiological and
biochemical factors in fish blood and tissues.The study
investigated the changes in growth performance,
hematological parameters, plasma components, and
stress indicators of juvenile (African catfish) Clarias
agriepinus, depending on varying exposures to copper
and lead salts. In this study, 30 fish juveniles were
engaged in each group of the five groups.C. agriepinus
was exposed to the heavy metals at 20 and40 ug/I for first
15 and 30 days. Majority of the biomarkers such as GSH,
catalase, cytPyso, protein, blood glucose were measured
spectrophotometrically. The results showed that Cu and
Pb exposures resulted in decreased daily length gain
(DLG), and daily weight gain (DWG). In terms of
hematological parameters, white blood cells and red
blood cell (RBC) count significantly decreased after
2 weeks and four weeks. Plasma enzyme components
including transaminases and Cyt Pyso significantly
increased. This work evidently demonstrated that at
ecologically relevant concentrations, copper and lead can
inhibit cellular functions of aquatic organisms. Most of
the results obtained in this work were in line with some
previous works.

Keynotes— juvenile, pollution, concentration, plasma,
waterborne, freshwater, biochemical

L INTRODUCTION

Water as an essential of life is utilized for domestic,
agricultural, industrial activities, and among others.
Despite being an indispensable to humanity on the
earth, it is poorly managed in many parts on the globe
(Corcoran, 2010). Water is a universal solvent and it
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always dissolves other substances that get in contact
with it. The contamination of water in particular ways
makes it hard to find pure water (Desaiet al., 2014).
Even rainwater collects impurities from the
atmosphere during precipitation. The contaminants
increase when it runs off the land surface and gathers
or mixes with sewage and industrial effluents (Ho et
al.,2012). Rivers, oceans and streams are the popular
sources of water (Alrummanet al., 2016).

Anthropogenic activities have been documented as
the main cause of water pollution in many parts of the
world (Alrumman et al., 2016). Rivers, lakes,
underground waters and oceans sre exposed to a great
deal of contamination from various human activities
that alter water quality by changing both its
physiochemical and biological parameters; it makes
it unsuitable for domestic use and several other
purposes. However, pollution affects ecosystems
and makes lives unfit for species, migration and
extermination of species (as a result of damages to
reproductive system) (Briggs, 2003).

Water pollution involves the release of toxic
substances, pathogens, substances radioactives into
water bodies (Wong et al., 2001). Lack of oxygen in
a water body (eutrophication ) is caused by excessive
plant growths on water surface. According to the
water cycle, naturally, Water around is absorbed into
the land (soil) and rivers or stream Organic pollutants
are biodegradable by microbes and can be converted
to a form that brings benefits to the aquatic life
(Makokha et al., 2008).

A Few of the metal pollutants include lead (Pb),
arsenic (As), mercury (Hg), chromium (Cr), nickel
(Ni), barium (Ba), cadmium (Cd), cobalt (Co),
selenium (Se), vanadium (V), Some minerals like
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Zinc (Zn), copper (Cu), iron (Fe) manganese (Mn),
sulphur (S), boron (B) are useful to lives in small and
prescribed doses above which they are toxic.
Cyanides, thiocyanides, phenolic compounds,
fluorides, radioactive substances, are harmful to man
and animals (Kinraide et al., 2007).

All the categories of reactive species (RS) are
oxidative stressors when the balance between
reactive species (ROS) formation and detoxification
is compromised RS causes damage to cellular
macromolecules causing lipid, nucleic acid, and
protein alterations. These paths of biochemical
mechanism are for the initiation, progression phases
of diseases such as atherosclerosis, ischemic heart
diseases, diabetes, and cancers, liver diseases. There
must be a number of radical scavenging enzymes to
maintain a threshold level of RS inside the cell In
order to maintain proper cell signaling, (Imlay et al.,
2003).

The antioxidant enzymes in body cells consist fall in
two primary and secondary antioxidants enzymes
(catalases, superoxide dismutases (SOD), and
glutathione  peroxidases (GPX); glutathione
reductase, glutathione-S-tranxferase, glucode-6-
phosphate dehydrogenase). All play crucial roles in
maintaining homeostasis of radical species in the
cells. The induction of these enzymes reflects a
Specific response of these enzymes to oxidative
stress is demonstrative of their activation (Tappelet
al., 1982). SOD converts superoxide ions to H,O»
and oxygen molecule (Hayes et al.,1995).
Glutathione-S-transferases (GST) detoxify cytotoxic
compouds to protect tissues against oxidative damage
(Hayes et al., 1995). Besides certain roles in the
endogenous metabolism, Glutathione-S-transferases
are also associated with the detoxification of drugs,
carcinogens, and environmental pollutants in man
and animals (Shen et al., 1991).Studies once revealed
that GPx and GST are inactivated by hydroperoxides
which exert toxicity either directly by oxidation of
SH groups of proteins or indirectly by hydroxyl
radicals’ formation (Pigeoleter al., 1990). The
enzymatic action of catalase in decomposing H>O; is
shown below (Hoshino and Mishima, 2008)
2H,0 »+ O3 — 2H,O
H,O0,+ AHA — 2H,0

The turnover rate of catalase is the highest among all
antioxidant enzymes.
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Aminotransferases are special enzymes that are
connected with the reversible transfer of the amino
group from alpha loci of «a-amino-acids to an
oxoacid. Over 60 such enzymes have been
characterized. Examples are aspartate
aminotransferase (AST, EC 2.6.1.1, formerly known
as glutamate-oxalacetate transaminase or GOT) and
alanine aminotransferase (ALT, EC 2.6.1.2, formerly
known as glutamate-pyruvate transaminase or GPT)
(Mijovic et al, 1987). These enzymes are widely
distributed in human organs; a contributory factor of
their both broad application to a variety of pathologic
conditions and reputation for lacking specificity.

The reactions catalyzed by AST and ALT are:
L-aspartate + 2-oxoglutarate <>  oxalacetate + L-
glutamate, catalyzed by AST
L-alanine + 2-oxoglutarate > pyruvate + L-
glutamate, catalyzed by ALT

The three oxo acids are components of the
tricarboxylic acid cycle or carbohydrate metabolism.
The two aminotransferases are keys to shunting these
substrates into several metabolic pathways. AST is
important in the transport of reducing equivalents
across the mitochondrial membrane through the

malate aspartate shuttle (Ioannou ef a/.,2006).

The heme iron in the CYP enzymes requires regular
supply of electron for catalytic roles. This electron
supply for CYP enzymes majorly comes from
NAD(P)H. (Denisonet al., 2003).

It is a usual practice to correlate physical and
chemical parameters with biomarkers in pollution
monitoring studies in order to evaluate the effects of
xenobiotics on aquatic organisms (Abdel-Moneim
and Abdel-Mohsen, 2012). The reactions of
organisms towards chemical contaminants are
employed as biomarkers or lookouts of
environmental  conditions.  Biomarkers  are
measurable biological scenarios that arise in animals
due to acute or chronic exposures to contaminants.
These morphological deviations are clearly
employed in biomonitoring studies. Moreover,
histological investigations are economical techniques
to determine the health status of the resident
populations (Devi et al., 2013). When the
concentration of a toxicant has been raised to a level
sufficient to elicit cellular injury, sublethal changes
develop in the target tissue and they could be very
well evaluated (Al-balawi et al., 2013). The effects of
pollutants on cell’s structure and function are diverse
due to the fact that some of them alter the
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permeability property of membrane systems. A few
others are inducers of enzymes causing cellular
dysfunctions culminating irreversible necrotic
changes (Al-Yousuf and El-Shahawi, 1999).

Liver is prone to damages from varios types of
toxicantsm, else considered an ideal indicator of
aquatic pollution (Sniderman, 2004)). In fish, liver is
a detoxifying site which shows alterations in
histological architecture and deviation from normal
biochemical and physiological responses on being
contaminated (Angulo, 2002).

IL. RESEARCH ELABORATION

Significance of the study

The environmental pollution and pollutants by heavy
metals are popularly global threats in aquatic domain
because of their toxicity. Domestic, industrial and
anthropogenic activities have become the source of
contamination to natural aquatic systems (Velez, D.
and Montoro, 1998).

The heavy metal discharges have harmful effects on
the environmental equilibrium and aquatic properties
(Akinmoladun et al., 2007). In animal species, bad
effects of these pollutants can not be negligible for
fishes (Olaifa et al,, 1998). The pollutants such as
heavy metals bioaccumulate in food chain and cause
the antagonistic effects and death to fish (Farkas et
al.,2002).The toxic effects of heavy metals can affect
the individual growth rates, physiological functions,
mortality and reproduction in fish (Amundsen et al.,
1997). Heavy metals get into fish through gills,
digestive tract and body surface. The gills are the
significant routes of direct metal uptake (Romeo et
al., 1999)

In view of this, this study had gained importance in
order to establish some of the aforementioned facts
and to settle some research issues. This study would
differentiate between the resulting disorders of acute
and chronic poisoning of freshwater catfish upon the
assessment of  heamatological,  biochemical

parameters and blood chemistry.

Aim of the study

The aim of this study is to evaluate the effect of
subchronic toxicity of copper sulfate and lead nitrate

in the juvenile Claria gariepinus African catfish.

Objectives of this study
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The main objective of this study is to

i. To determine the growth performance and
nutritional parameters of theClarias agariepins
(African catfish) exposed to heavy metals.

ii. To determine the antioxidant parameters in the
liversand kidneys of the Clarias agariepins (African
catfish) exposed to heavy metals.

iii. To assess the blood chemistry of Clarias
agariepins (African catfish).

iv. To evaluate the heamatological parameters in the
Clarias agariepins(African catfish) exposed to heavy
metals of varied concentrations.

III. METHODS

Samplng Procedurel150 African black catfish were
purchased from Oyo state fishery research laboratory.
The fish were authenticated at the Zoology
department, University of Ibadan, Ibadan. They were
divided into 5 groups inside plastic aquariums and
acclimatized for two weeks namely; control (30),
CU-20 (30), CU-40 (30) and Pb-20 (30), Pb-40 (30).

The fishes were sacrificed by cervical dislocation
after which the blood was collected: some into the
anticoagulant tubes for blood glucose test and other
into the ordinary tubes for heamatological
examinations. The livers and kidneys were collected
into the sucrose buffer solution to be homogenized
for biochemical assays.

Heamatological analysis

The process followed was based on the instruction
manual of hematology analyzer The total red blood
(RBC) count, total number of white blood cell
(WBC), neutrophil, and platelet (PLT), Mean
corpuscles  volume (MCV),Mean corpuscles
hemoglobin (MCH), Mean corpuscles and
Hemoglobin concentration (MCHC) were assessed.

Biochemical Analysis

Determination of Protein Concentration.

The protein concentration of the liver homogenate
was determined by means of spectrometry. The biuret
method as described by Gornallet et al.,(1949) with
some modifications: the addition of potassium iodide
to prevent precipitation of cu?'ions as cuprous oxide.
Principle: In alkaline solution the amino group of
proteins reduced cuprous ions to the Cupric form
which then form a blue-coloured complex with the
protein that absorbs maximally at 540nm.Sodium
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potassium tartrate is added to stabilize the complex
(Gornallet et al., 1949).

Superoxide Dismutase (SOD) Activity

The activity of SOD was determined by the method
of Misraand Fridovich (1972).

Principle

The ability of SOD to inhibit the autoxidation of
epinephrine at pH 10.2 makes this reaction a basis for
a simple assay for this dismutase Superoxide (O,*)
radical generated by the xanthine oxidase reaction
caused the oxidation of epinephrine to adrenochrome
and the yield of adrenochrome produced by
O>*introduced increases with increasing pH
(Valerino and McCormack, 1971) and also increases
with increasing concentration of epinephrine.These
results led to the proposal that autooxidation of
epinephrine proceeds by at least two distinct
pathways, only one of which is a free radical chain
reaction involving superoxide radical and enhance
inhabitable superoxide dismutase.

Estimation of Reduced Glutathione (GSH) level

The method of Beutler ez al. (1963) was followed in
estimating the level of reduced

Glutathione (GSH).

Principle
The reduced form of glutathione comprises in most
instances the bulk of cellular nonproteins sulfydryl
Principle

a-oxoglutarate + L-alanine

groups. As such, deproteinization of samples with
sulphosalicylic acid is necessary to ensure that
noprotein cysteine thiol groups can react with colour
reagent. This method is therefore based upon the
development of a relatively stable yellow coloured
product when 5,5'—dithiobis-2-nitrobenzoic acid
(DTNB; Ellman’sreagent) is added to sulthydryl
compounds of which glutathione comprises the bulk
in tissues.The resulting chromophoric product
possesses maximum absorbance at 412nm and the
amount of reduced glutathione in the sample is
proportional to the absorbance at this wavelength.

Assessment of markers of liver and kidney function
(Blood chemistry)

Estimation of aspartate aminotransferase (AST)
activity.

AST activity in the serum was measured using
RANDOX standard assay kits, and the Procedure was
according to the manufacturer’s instruction.
Principle

a-oxoglutarate+L-aspartate — GOT L-
glutamate+Oxaloacetate

AST is measured by monitoring the concentration of
oxaloacetate  hydrazone formed with 24-
dinitrophenylhydrazine.

Determination of Alanine aminotransferase (ALT)
activity.

ALT activity in serum was measured using
RANDOX standard assay kits, and the procedure
according to the manufacturer’s instruction.

GPT ————— [-Glutamate + pyruvate

Alannine Aminotransferase is measured by monitoring the concentration of pyruvate hydrazone formed with 2,4-

dinitrophenylhydrazine.

Iv.

RESULTS

Table 1: Growth performance and nutritional parameters of the African catfish exposed to heavy metals For 15

and 30 days.

15 Days Protein Glucose Growth Index
(mg) (mg/dl)

Control 8.5405+0.1 47.0000£5.6 83.3200+23.5

Cu-20 7.3805+0.1 61.0000+£23.3 29.2500+7.4%*

Cu-40 8.6130+0.2 87.0000+3.5 33.8500+8.6**

Pb-20 10.1210+3.4 99.5000+4.9* 41.1000+8.4**

Pb-40 7.2065+0.4 93.0000+18.3 26.3750+5.5%*

30 Days Protein Glucose Growth Index
(mg) (mg/dl)

Control 8.5405+0.2 69.9004+10.6 354.0000+173.6

Cu-20 7.3805+0.2 67.4545+2 8* 80.0000+62.4**
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Cu-4069.8990+0.7 8.6130+0.6* 71.3880+2.9% 73.5666+23.7*%*
Pb-20 10.1210+0.3 60.6540+5.8 71.93334+10.5%*
Pb-40 7.2065+0.1 69.8990+0.7 50.300049.7**

Data are presented as mean+=SEM (n=5), P-value<0.05 were considered significant.

Table 2: Antioxidant parameters and blood chemistry of the liver of African catfish exposed to heavy metals For

15 and 30 days.

15 SOD CAT GSH ALT AST CYP-450
Days (U/mg protein) (U/mg protein) (U/mg protein) (U/L) (U/L) (pg/ml)
Control | 489.5927+735 454.1667+35.3 133.0334+0. 87.59399+9.9 | 78.84616+19 69.90042+10.6
Cu-20 | 507.3819+103 129.4433+2.5 129.4433+2.5 89.47369+74 158.6539+63.9 67.454542.8
Cu-40 | 436.1854+6.3 150.6167+52.0* 119.6170+10.7 70.3007+1.3 373.0769+32.6%* | 71.388+2.9
Pb-20 319.6819+10.8 354.1667+29.4 128.6505+0.7 72.55639+0.6 | 117.3077+5.4 60.654+5.8
Pb-40 533.2146+54.7 133.6700+157.4% | 124.4717+0.7 66.1654249.8 | 164.3846+12.1 69.89+0.7
30Days | SOD CAT (U/ng) GSH ALT AST CYP-450
(U/mg protein) (U/mg protein) (U/mg protein) (U/L) (U/L) (pg/ml)
Control | 429.2711£10.1 454.1667+35.3 133.4588+0.7 65.78948+24.9 | 113.4616+5.4 78.12048+5.1
Cu-20 | 279.7615+9.4%** 166.6665+5.8*%** | 127.9433+0.4 92.85716+11.1 | 149.0385+93.8 71.53614+0.7
Cu-40 | 73.74022+£9.7** | 71.33333£0.7*** | 120.772+0.6 92.4812148.5 | 360.5769+28.5% | 98.51206+5.1%**
Pb-20 112.9457445.2%% | 71.33333+0.7*** | 126.1505%1.3 115.0376+26.5 | 275.9616+178.1 | 66.9006+0.2
Pb-40 21.25238+0.4%* 145.8334+41.2%** | 128.4323+0.6 103.7594+1.06 | 391.3462+53.0% | 73.51205+0.2

Data are presented as mean+=SEM (n=5), P-value<0.05 were considered significant.

Table 3: Antioxidant parameters and blood chemistry of the kidney of African catfish exposed to heavy metals
For 15 and 30 days.

15 days | SOD CAT GSH ALT AST
(U/mgprotein) (U/mg (U/mg (U/L) (U/L)
protein) protein)
Control | 54.42+69.141 56.232+24.31 3.5106+0.1 109.123+10.16 68.132+7.51
Cu-20 | 43.1123+4.18 111.671+£66.24* 3.4213+0.1 115.01324+5.664 | 90.4211£12.20
Cu-40 | 38.818+7.213 80.749+8.618* 3.223442.4 117.2347421.41 | 126.245+3.06
Pb-20 | 49.2411+4.79 161.763+4.58* 3.557+0.5 118.2132+6.10 110.747+4.0
Pb-40 | 32.128+6.70 154.721+6.461* 3.328+0.2 121.521143.51 128.567+8.57
30 days | SOD CAT GSH ALT AST
(U/mgprotein) (U/mg protein) (U/mg (U/L) (U/L)
protein)
Control | 24.24+9.741 44.982+39.23 3.4206+0.263 | 139.605+12.06 102.105+5.513
Cu-20 | 21.1212+5.28 101.771+7.264* 2.4708+0.123 | 144.0789+1.674 | 113.4211£16.27
Cu-40 | 18.1818+8.07 60.749+15.648 3.5874+2.621 | 149.4737+11.477 | 114.605+2.046
Pb-20 | 24.2424+8.59 156.884+3.48**** | 3.6559+0.946 | 150.2632+6.620 | 128.947+5.0
Pb-40 18.1818+8.50 152.924+7.516**** | 3.1339+0.364 | 158.552+2.591 137.76+7.257

Data are presented as mean+SEM (n=5),P-value<0.05 were considered significant.

Table 4: Heamatological parameters in the African catfish exposed to heavy metals For 15 days.

WBC LYM MID GRA RBC HGB HCT PLT
(Cell/luL) | % % % (x109uL) | (g/dl) % (x106/L)
Cont | 181.0000+ | 52.9500+ | 26.7932+ | 31.89225+ | 19.5517+ | 10.5500 | 31.0000+ | 23.2050+2
rol | 282 0.6 36.9 7.1 17.4 +0.7 1.4 7.0
IRE 1723095 ICONIC RESEARCH AND ENGINEERING JOURNALS 2233



© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV1013-1723095

CU- | 171.5000« | 99.20000 | 0.7500+0 | 0.0000+0. | 2.7150+1 | 10.3000 | 30.5000+ | 70.7500+2
20 2.1 +0.8 9 0 .8 +0.4 0.7 6.7%%*
Cu- 143.0000£ | 97.1000+ | 2.9000+£3 | 2.2500£2. | 2.6500+£3 | 10.5000 | 32.6500+ | 87.25004£5.
40 63.6 3.3 3 4 3 +0.7 3.7% TH*
Pb- 45.8000+ | 31.4000+ | 21.6500+£2 | 0.8000+0 | 14.0000 | 40.0000+ | 84.7000+0.
20 1.0 0.8 32.8 1 +0.5 2.8* Sk*
160.0000+
14.1
Pb- 131.0000+ | 12.7000+ | 36.7500+ | 79.4000+ | 2.5000+0 | 12.7000 | 36.7500+ | 79.4000+2.
40 74.9 0.8 2.0 1 +0.8 2.0%* g**
Data are presented as mean+=SEM (n-5), P-value<0.05 were considered significant.
Table 5: Heamatological parameters in the African catfish exposed to heavy metals for 30 days.
WBC LYM | MID GRA RBC HGB HCT PLT MCH
(Cell/pL) % % % (x106/uL | (g/dl) | % (x106/L | %
) )
Contro | 119.30+11. | 53.15 | 19.40+3. | 27.45£9. | 2.475+0.9 | 11.9+ | 32.55 | 51.0+ 50.0+
1 7 +6.1 6 8 2.4 +17.6 | 0.1 9.4
Cu-20 | 124.10+£0.1 | 56.20 | 20.30+0. | 23.5£0.1 | 2.77+£0.1 | 10.6+ | 37.4+ | 50.5+ 38.1+
+0.1 1 0.1 0.1% 0.7 0.1
Cu-40 | 110.50+ 51.5+ | 19.45+ 29.00+ 3.84t14 | 16.55 | 404+ | 30.£9.1 | 43.25
0.1* 24.6 0.6 24 +6.0 | 2.6% +0.3
Pb-20 | 123.15+1.3 | 38.2+ | 20.55+ 20.25+ 3.01+£ 03 | 125+ | 419+ | 50+ 39.4+
253 0.3 4.5 2.6 6.4* 16.9 1.9
Pb-40 | 79.55+ 41+ 18.70+ 12.75+ 2.87£0.5 | 12.4+ | 40+ 33463 | 433+
32.5% 29.2 2.9 6.0 2.7 8.4% 1.4

Data are presented as mean+SEM (n=5),P-value<0.05 were considered significant.

V. CONCLUSION

The result in the growth index obtained from the fish
exposed to copper and lead had shown that the
metabolic processes of the fish were adversely
impaired.One critical point in understanding at the
molecular level of the toxicity of thiol-binding
mineral elements such as Cu and Pb is that in in vivo
assays, toxicity occurs at micromolar concentration.
The results obtained showed that metal
concentrations that are high enough to be toxic may
still be too low to deplete cytosolic glutathione pools
to a significant extent on a stoichiometric basis.
Moreover, experiments showed that in isolated
organisms, such as in aquarium fish exposure to
elements such as copper and lead causes a decrease
in the activity of several involved enzymes.On the
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contrary, acute and chronic exposure of fish to thiol-
binding elements, such as copper, caused a decrease
in the circulating concentration of glutathione and in
a shift of the balance of disulphide, “oxidized”, to
thiol, “reduced”, glutathione towards more oxidized
status (Hall, 2014). Indirect evidence of the efficacy
of exposure to thiol-binding metals at environmental
and occupational levels to induce oxidative stress and
to decrease the glutathione pool emerges also from
the study of biomarkers such as antioxidant enzymes
and soluble oxidized metabolites (Garcon et
al.,2004). The effect exerted by “one atom” of the
toxic metal must thus be able to yield a multiplicative
effect, such as that corresponding to the inhibition or
inactivation of key enzymes that contain thiol groups
as part of functional or regulatory mechanism.
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histopathological lesions and cellular

alterations were observed in major target organs
(liver and kidney) of fish exposed to heavy metals at
different concentrations which could be attributed to
the significant accumulation of the heavy metal in
these organs beyond the prescribed limits of
WHO/FAO. Hence, there is a need of stringent check
on the industrial and domestic effluents.

(1]

(2]

(3]

(4]

(3]

(7]

IRE 1723095

REFERENCES

Abdelmegeed MA, Banerjee A, Yoo SH, Jang
S, Gonzalez FJ, Song BIJ: Critical role of
cytochrome P450 2E1 (CYP2EL) in the
development of high fat-induced non-alcoholic
steatohepatitis. J Hepatol 2012;57:860- 866.
Abdel-Moneim, A. M. and Abdel-Mohsen, H.
A.  (2010). changes in
hepatocytes of catfish Clarias gariepinus from
Lake Mariut, Egypt. Journal of Environmental
Biology.31(5): 715-720.

Abdel-Tawwab, M. (2016). Effect of feed
availability on susceptibility of Nile tilapia,

Ultrastructure

Oreochromis niloticus (L.) to environmental
toxicity: Growth performance,
biochemical response, and
bioaccumulation. Aquaculture.464: 309-315.

Abubakar, M. 1., Ezeri, G. N., Omoniyi, I. T., &
Akinloye, O. A. (2014). Histopathology of the
gills, livers and kidney of Clarias gariepinus
(Burchell, 1822) exposed to Sniper 1000EC

zinc
zinc

under laboratory conditions. Journal of
Medical and Applied Biosciences, 6(1), 44—60.
Adetunde, L.A. and Glover, R.L.K.

(2010).Bacteriological Quality of Borehole
Water Used by Students’ of University for
Development Studies, Navrongo Campus in
Upper-East Region of Ghana.Current Research
Journal of Biological Sciences. 2(6):361-364.
Adeyeye, E. (1996). Determination of major
elements in Illisha africana fish, associated
water and soil sediments from some freshwater
ponds. Bangladesh Journal of Scientific and
Industrial Research.31: 171-184.

Agamy, E. (2012). Histopathological changes
livers of rabbit fish (Siganus
canaliculatus) following exposure to crude oil
and dispersed oil. Toxicologic pathology.40(8):
1128-1140.

Ahsan, N, Lee, D. G., Lee, S. H., Kang, K. Y.,
Lee, J. J., Kim, P. J. and Lee, B. H. (2007).
Excess copper induced physiological and

in the

[10]

[11]

[12]

[13]

[14]

[15]

[17]

ICONIC RESEARCH AND ENGINEERING JOURNALS

proteomic changes in germinating rice seeds.
Chemosphere.67(6): 1182-1193.

Ajani, E. and Akpoilih, B. (2010). Effect of
chronic  dietary copper exposure on
haematology and histology of common carp
(Cyprinus carpio L.). Journal of Applied
Sciences and
Management.14(4): 31-34.
Akan, J. C., Mohmoud, S., Yikala, B. S. and
Ogugbuaja, V. O. (2012). Bioaccumulation of
some heavy metals in fish samples from River
Benue in Vinikilang, Adamawa State, Nigeria.
Akinmoladun, A. C., Ibukun, E., Afor, E.,
Obuotor, E. and Farombi, E. (2007).
Phytochemical constituent and antioxidant

Environmental

activity of extract from the leaves of Ocimum
gratissimum. Sci Res Essay.2(5): 163-166.
Akio, M. (1992). Bitter Sea: The Human Cost
of Minamata Disease. Ist Edition. Kosei
Publishing, Japan.

Aktan M.W, Parsmasivam M,Ganguly M,
Purkaits, Sengupta N (2010). Assessment and
occurrence of various heavy metals in surface
water of Ganga river around Kolkata; A study
for toxicity and ecological impacts. Environ
Mott Assess 160 (1-4); 203-207..

Alatalo, P. 1., Koivisto, H. M., Hietala, J. P.,
Puukka, K. S., Bloigu, R. and Niemel4, O. J.
(2008).  Effect of moderate alcohol
consumption on liver enzymes increases with
increasing body mass index. The American
Jjournal of clinical nutrition.88(4): 1097-1103.
Al-Balawi, H. F. A., Al-Akel, A. S., Al-Misned,
F., Suliman, E. A. M., Al-Ghanim, K. A.,
Mahboob, S. and Ahmad, Z. (2013). Effects of
sub-lethal exposure of lead
histopathology of gills, liver, kidney and
muscle and its accumulation in these organs of
Clarias gariepinus. Brazilian archives of
biology and technology.56(2): 293-302.
Albasha, M. O. and Azab, S. (2014). Effect of
cadmium on the liver and amelioration by
aqueous extracts of fenugreek seeds, rosemary,

acetate on

and cinnamon in Guinea pigs: histological and
biochemical study. Cell Biol.2(2): 34-44.
Al-Mamary, M., Al-Meeri, A. and Al-Habori,
M. (2002). Antioxidant activities and total
phenolics of different types of honey. Nutrition
research.22(9): 1041-1047.

Almroth, B. C., Sturve, J., Berglund, A. and
Forlin, L. (2005). Oxidative damage in eelpout
(Zoarces viviparus): measured as protein

2235



[19]

(20]

(21]

[22]

(23]

(24]

(27]

IRE 1723095

© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV1013-1723095

carbonyls and TBARS, as biomarkers. Aquatic
Toxicology.73(2): 171-180.

Alnuminan S.A, El-Kott A.F, Kehsk M.A,
Water pollution and treatment.
American  Journal of  Environmental
Engineering. 2016: 6 (3): 88-98.

Al-Tamimi, A. H., Al-Azzawi, A. J., & Al-
A’dhmi, M. A. (2015). Chronic toxicity
assessment of histological changes and

source

micronuclei in fish Cyprinus carpio L. after
exposed to copper. Scientific
Research Journal for Engineering, Technology
and Sciences, 13(1), 194-210.

Alter, H. J., Conry-Cantilena, C., Melpolder, J.,
Tan, D., Van Raden, M., Herion, D. and
Hoofnagle, J. H. (1997). Hepatitis C in
asymptomatic blood
Hepatology.26(S3): 29S-33S. .
Al-Yousuf, M. and El-Shahawi, M. (1999).
Trace metals in Lethrinus lentjan fish from the
Arabian Gulf (Ras Al-Khaimah, United Arab
Emirates): metal accumulation in kidney and
heart Bulletin  of environmental
contamination and toxicology.62(3): 293-300.
Amundsen, P.-A., Staldvik, F. J., Lukin, A. A.,
Kashulin, N. A., Popova, O. A. and
Reshetnikov, Y. S. (1997). Heavy metal
contamination in freshwater fish from the

American

donors.

tissues.

border region between Norway and Russia.
Science of the Total Environment.201(3): 211-
224,

An YW, Jhang KA, Woo SY, Kang JL, Chong
YH: Sulforaphane exerts its anti-inflammatory
effect against amyloid-beta peptide via STAT-
1 dephosphorylation activation of
Nrf2/HO-1 THP-1
macrophages. Neurobiol Aging 2016;38:1-10.
Angulo, P. (2002). Nonalcoholic fatty liver
disease. = New  England
Medicine.346(16): 1221-1231.
Annabi, A., Said, K., & Messaoudi, 1. (2013).
Cadmium: Bioaccumulation, histopathology
and detoxifying mechanisms in fish. American

and

cascade in human

Journal  of

Journal of Research Communication, 4(1), 60—
79.

Anu , Upadhyaya ,S.K. ,,Bajpai ,A., Heavy
metal Analysis of Various Water Bodies
Located in and around Bhopal , M.P.(India) “,
International  Journal of Environmental
Science and Development , Vol.2, No. 1 ,

ISSN:2010-0264;2001.

[28]

[30]

[31]

[33]

[34]

[35]

[36]

[37]

ICONIC RESEARCH AND ENGINEERING JOURNALS

Anu, U. S. and Avinash, B. (2011). Heavy
metal analysis of various water bodies located
in and around Bhopal, MP (India).
International  Journal of Environmental
Science and Development.2(1): 27-29.
Aoyama K, Matsubara K, Fujikawa Y,
Nagahiro Y, Shimizu K, Umegae N, Hayase N,
Shiono H, Kobayashi S: Nitration of
manganese superoxide  dismutase  in
cerebrospinal  fluids is a marker for
peroxynitrite-mediated oxidative stress in
neurodegenerative  diseases. Ann  Neurol
2000;47:524-527.550 551

Argyrou A, Blanchard JS: Flavoprotein
disulfide reductases: advances in chemistry and
function. Prog Nucleic Acid Res Mol Biol
2004;78:89-142.

Arner ES, Zhong L, Holmgren A: Preparation
and assay of mammalian thioredoxin and
thioredoxin reductase. Methods Enzymol
1999;300:226-239.

Ashraf, M. A., Maah, M. J., & Yusoff, 1. (2012).
Bioaccumulation of heavy metals in fish
species collected from former tin mining
catchment. International ~ Journal  of
Environmental Research, 6(1),209-218
Atabati, A., Keykhosravi, A., Askari-Hesni,
M., Vatandoost, J., & Motamedi, M. (2015).
Effects of copper sulfate on gill histopathology
of grass carp (Ctenopharyngodon idella).
Iranian Journal of Ichthyology, 2(1), 35—42.
Axelrod, J. andAyhitby, L. G. (1961). An
official journal oftk american heart association.
Circulation Research.9(3): 715.

Azab, A. E. and Albasha, M. O. (2018).
Hepatoprotective effect of some medicinal
plants and herbs against hepatic disorders
induced by hepatotoxic agents. J Biotechnol
Bioeng.2(1): 8-23.

Baba, C. S., Alexander, G., Kalyani, B.,
Pandey, R., Rastogi, S., Pandey, A.
andChoudhuri, G. (2006). Effect of exercise

and dietary modification on  serum
aminotransferase levels in patients with
nonalcoholic  steatohepatitis.  Journal  of

gastroenterology and hepatology.21(1): 191-
198.

Baig, J.A., Kazi, T. G., Arain,M. B., Afridi, H.
1., Kandhro, G.A., Sarfraz, R. A., Jamali, M. K.
and Shah, A. Q. (2009). Evaluation of arsenic
and other physico-chemical parameters of
surface and ground water of Jamshoro,

2236



[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

(48]

IRE 1723095

© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV1013-1723095

Pakistan. Journal of Hazardous Materials. 166,
662-669.

Balambigai, N., & Aruna, D. (2011). Impact of
copper sulphate, an essential micronutrient on
ACh, AChE and Na+K+ATPase in various
tissues of the fish Cyprinus carpio (L.).
Research  Journal  of  Environmental
Toxicology, 5(2), 141-146.

Balamurugan, K., & Schaffner, W. (20006).
Copper homeostasis in eukaryotes: Teetering
on a tightrope. Biochimica et Biophysica Acta
(BBA) — Molecular Cell Research, 1763(7),
737-746.

Barros AIRNA, Nunes FM, Goncalves B,
Bennett RN, Silva AP: Effect of cooking on
total vitamin C contents and antioxidant activity
of sweet chestnuts (Castanea sativa Mill.). Food
Chem 2011;128:165-172.

Barzegar A, Moosavi-Movahedi  AA:
Intracellular ROS protection efficiency and free
radical-scavenging activity of curcumin. PLoS
One 2011;6:¢26012.

Batvari, B. P. D., Kamala-Kannan, S., Shanthi,
K., Krishnamoorthy, R., Lee, K. J, &
Jayaprakash, M. (2008). Heavy metals in two
fish species (Carangoidel malabaricus and
Belone stronglurus) from Pulicat Lake, North
of Chennai, Southeast Coast of
India.Environmental Monitoring
Assessment, 145(1-3), 167-175.
Belfrage, P., Berg, B., Cronholm, T., EImqvist,
D., Hégerstrand, 1., Johansson, B. and Wiebe,
T. (1973). Prolonged administration of ethanol
to young, healthy volunteers:
biochemical, morphological
neurophysiological parameters. Acta medica

and

effects on
and

Scandinavica. Supplementum.552: 1-6.

Benko, V, Cikrt, M., Lener, M,,Toxic Metals in
the Environment. "Prague: Grada; 282. 1995.
Benko, V., Cikrt, M. and Lener, J. (1995).
Toxic metals in the environment. Prague:
Grada.1995: 282: 17-22.

Bensaad K, Cheung EC, Vousden KH:
Modulation of intracellular ROS levels by
TIGAR controls autophagy. EMBO ]
2009;28:3015-3026.

Bibi C, Khan R.L, Nazir R. Heavy metals in
drinking water of Lakki Marwat district, KPK
Pakistan. World Applied Sciences Journal
2016: 34 (1): 15-19.

Bibiloni R, Fedorak RN, Tannock GW, Madsen
KL, Gionchetti P, Campieri M, De Simone C,

[49]

[50]

[51]

[52]

[54]

ICONIC RESEARCH AND ENGINEERING JOURNALS

Sartor RB: VSL#3 probiotic-mixture induces
remission in patients with active ulcerative
colitis. Am J Gastroenterol 2005;100:1539-
1546.

Blagosklonny MV: Aging: ROS or TOR. Cell
Cycle 2008;7:3344-3354.

Blanco S, Hernandez R, Franchelli G, Ramos-
Alvarez MM, Peinado MA: Melatonin
influences NO/NOS pathway and reduces
oxidative and nitrosative stress in a model of
hypoxic-ischemic brain damage. Nitric Oxide
2017;62:32-43.

Boberg, K. M. (2002).
epidemiology of autoimmune hepatitis. Clinics
in liver disease.6(3): 635-647.

Bonamico, M., Pitzalis, G., Culasso, F., Vania,
A., Monti, S., Benedetti, C. and Signoretti, A.
(1986). Hepatic damage in celiac disease in
children. Minerva pediatrica.38(21): 959.
Bondoc FY, Bao Z, Hu WY, Gonzalez FJ,
Wang Y, Yang CS, Hong JY: Acetone
catabolism by cytochrome P450 2E1: studies
with CYP2EI-null mice. Biochem Pharmacol
1999;58:461-463.547

Bose, M., Ilavazhahan, M., Tamilselvi, R., &
Viswanathan, M. (2013). Effect of heavy
metals on the histopathology of gills and brain
of fresh water fish Calta calta. Biomedical and
Pharmacology Journal, 6(1), 99—-105.
Bourreille A, Cadiot G, Le Dreau G, Laharie D,
Beaugerie L, Dupas JL, Marteau P, Rampal P,
Moyse D, Saleh A, Le Guern ME, Galmiche JP,
Group FS: Saccharomyces boulardii does not
Clin

Prevalence and

prevent relapse of Crohn’s disease.
Gastroenterol Hepatol 2013;11:982-987.
Bowman GL, Shannon J, Frei B, Kaye JA,
Quinn JF: Uric Acid as a CNS Antioxidant. J
Alzheimers Dis 2010;19:1331-1336.
Brigelius-Flohe R, Maiorino M: Glutathione
peroxidases. Biochim Biophys Acta
2013;1830:3289-3303.

Briggs D. environmental pollution and the
global burden of disease. British medical
bulletin . 2003: 68: 1-24.

British ~ Committee  for Standards in
Haematology, B. T. T. F., O'Shaughnessy, D.,
Atterbury, C., Bolton Maggs, P., Murphy, M.,
Thomas, D. and Williamson, L. (2004).
Guidelines for the use of fresh-frozen plasma,
cryoprecipitate and cryosupernatant. British
journal of haematology.126(1): 11-28.

2237



