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ABSTRACT

Inthe presentscenario, aquatic pollution is a huge concern. It is mainly caused by industrial, agricultural, and various domestic activities.
In the animal body, lead has no biological function. The objective of the present study is to determine the toxic effects of lead nitrate on
Daniorerio. Fish were procured and grouped into six groups one unexposed group and five exposed groups. Fish were exposed to different
concentrations of lead nitrate 10, 20, 30, 40, and 50 mg/L for 96 hours to determine LC50.Based on the mortality of fish for 96 hours, the
LC50 of lead nitrate for Daniorerio is 40 mg/L. There is a positive correlation between concentration and mortalities. Behavioralchanges
of zebrafish at different concentrations of lead nitrate were observed. Zebrafish exposed to lead nitrate exhibit anomalousbehavior.
Physiological responses such as slow locomotion, gulping of air, swimming with jerky movements, schooling disturbed, rapid opercular
activity, and erratic swimming were observed during the early hours of lead nitrate exposure, after which it became habitual. In the
control group, fish exhibit natural behavior. Therefore, during the disposal of heavy metals, restrictive regulations should be imposed to

conservevaluable biodiversity.
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Introduction

In the present scenario, the effect of heavy metals on aquatic
fauna is gaining global concern, particularly in relation to
industrial pollution [1]. The unregulated discharge of
agricultural pesticides into aquatic bodies led to environmental
issues for organisms in the aquatic habitat [2, 3].Heavy metal
pollution of the aquaticbodies results from direct geological
weathering, atmospheric deposition or through the evacuation
of agricultural, municipal,manufacturaland residential waste
products including agriculture wastewater treatment [4, 5,
6].Fish can absorb heavy metals either via skin, gills or ingestion
of contaminated food [7, 8].After ingestion of metal by fish, they
are transferred to the organs and tissues, via blood circulation
where they form precipitation [9, 10].Lead is a detrimental
heavy metal and non-essential that can be found as
cerussite(PbCO3), galena (PbS), and anglesite (PbSO,) in rocks,
the earth's crust, water, and soil [11].Lead is an industrially
significant heavy metal used in manufacturing paints, pottery,
batteries, explosives,and other various essential products of
daily life [12].The main sources of irrigation contamination are
agricultural, household, and industrialized waste, which are
released into ordinary water bodies [13]. Lead is a known toxic
heavy metal contributed primarily by natural availability and
human activities [14].Heavy metals such as lead have no
nutritional value, and they cause aquatic pollution in
theenvironment [15]. Lead is considered a highly toxic metal, as
it is proclaimed to be responsible for decease or sublethal
changes in the growth, behavior and reproduction of fish
[16].Due to anthropogenic activities, fish belong to the
vertebrate group thatreacts first when the aquatic environment
is polluted with contaminants [17].In polluted areas, fish
exposed to heavy metals result in the transmission of chemical
substances into the biological systems and cause biochemical

disturbances [18, 19, 20]. Higher LC because higher
concentrations need to cause 50% of mortality in organisms
[21].Acute toxicity studies is used to determine the
concentration of test substances or the quantity of toxicants that
causes adverse effects on a group of test organisms in a short-
term exposure under a controlled environment [22]. Toxicity
refers to an individual's reaction to a chemical substance at a
particular concentration or dosage for a specific period
[23].Evaluation of median lethal dose or concentration (LC50 or
LD50)is crucial as it can be used as an indicator of the resistance
level of population response to metals [24].In the comparison of
the zebrafish genome with the human genome, it was concluded
that 70% of human genes had analogues of the zebrafish gene
with the same function, and 84% of genes related to human
disease have zebrafish gene analogs[25].These fish are cheaper
and easier to maintain compared to lab mice. They required
small spaces to maintain large numbers of fish. They reproduce
at a fast rate. 200-300 eggs are produced daily; thus, abundant
offspring are produced in a short period. They take 90 days to
mature [26]. Taking this into account, the present work was
initiated to evaluate the percentage of mortalities to find the
LC50 oflead nitrate and behavioral changes.

Taking this into account, the present work was initiated to
evaluate the percentage of mortalities to find the LC50 of lead
nitrate and behavioral changes.

Materialsand Methods

Procurement and maintenance of Zebrafish

In our experiment, an animal model (Daniorerio) was procured
from a local seller shop and transported to the lab. This study
was carried out in the Department of Zoology at Veeranari
Chakalillamma Women's University during June and July 2023.
Zebrafish with an average weight (350-500 g) and length
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(4-4.5 cm) were used in the experiment. In the experiment,
water was exposed to air to make it chlorine-free. The Aquarium
was filled with 6 L of dechlorinated water, and the fish were
acclimatized prior to the experiment for 14 days. All exposure
takes place at 14:10 h (light/dark) at 26-29 °C. Fish were
acclimatized before the experiment for 14 days. A total of 65 fish
were procured and maintained. In both control and
experimental aquariums, an air pump was provided for
continuous air supply. Lead nitrate stock solutions were
prepared and renewed every 24 hours. For one day, fish were
starved prior to the experiment. Fish were fed with commercial
food pellets daily during the experimental period. Water was
renewed daily.

Test chemical
The test chemical used in the experiment was lead nitrate.

Experimental design

The toxicity of the lead nitrate experiment was conducted in the
lab for 4 days. Fish were procured and organized into 6 groups 1
control and 5 experimental groups. Each group contains 10
fishes. Lead nitrate was made at 10, 20, 30, 40, and 50 mg/L.
Double distilled water was used to prepare the heavy metal
stock solution. Eventually, after 24-96 hours, mortality of fish
was evaluated to calculate LC50 using the Finney probitanalysis
method. A different concentration of lead nitrate was freshly
prepared in distilled water before being mixed with aquarium
water. In each medium, the concentration of the toxicant was
increased gradually, and the quantity of metal (lead nitrate)
concentration was maintained to determine the mortality rate
from 0 to 100%. After introducing lead nitrate, mortality of fish
wasrecorded atO0, 24,48,72,and 96 hours.

Table-1 Rate of mortality of zebrafish exposed to lead nitrate for 96 hours

Every day, dead fish were removed and counted from the
aquarium. The data obtained from the experiment were used to
evaluate the LC50 value oflead nitrate.

Evaluation of median lethal concentrations:

The concentration at which half of the population of test species
dies during a particular period is known as median lethal
concentration (LC50) or median tolerance limit.

The LC50 values of toxic substances were evaluated by using the
following methods:

Directinterpolation method:

It involves converting the toxicity curve plotted between
percentage of mortality and concentration for 96 hours.

Finney probit method:

It is a standard method to evaluate the dose-response data.
Based on the percentage of mortality,probit values were
obtained from Finney's table given below. Probit kill values and
log concentration curve was plotted by pointing a line
representing 50% of death at 96 hours.

Behavioral observation
Alterations of fish behavior was monitored before and after the
introduction of toxicant (lead nitrate).

Statistical analysis

Calculate LC50 using the Finney probit analysis method[27] and
correlation to determine the relation between concentration
and mortalities.

Results
Median lethal concentration

24 hrs 48 hrs 72 hrs 96 hrs Total
Dead Dead Dead Dead Dead Total
Concentrat . ed Mortali X ea Mortali . ed Mortali . ea Mortali . ca ° a.
. fishes/total fishes/total fishes/total fishes/total fishes/total mortality
ion mg/L ) ty (%) ) ty (%) ) ty (%) ) ty (%) )
fishes fishes fishes fishes fishes (%)
Control 0/10 0 0 0 0 0 0 0 0 0
10 0/10 0 0 0 0 0 1 10 1 10
20 0/10 0 0 0 1 10 1 10 2 20
30 0/10 0 2 20 1 10 1 10 4 40
40 2/10 20 1 10 1 10 1 10 5 50
50 2/10 20 2 20 3 30 2 20 9 90
LC50=43.518
100 Table-2 Calculated log dose and probitvalue
90 Concentration mg/L | Logdose | Mortality | Percentage % | Probit of kill
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6 y =3.2025x+0.2478 /.
R?=0.8208 .../

Probit of kill

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Log concentration of lead nitrate

Fig-3 Linear relationship between probitresponse and log concentration of
lead nitrate

The concentration of lead nitrate ranges from 10 mg to 50 mg/L
to test forlethal toxicity for 96 hours. After exposure of 96 hours,
mortality of fish was recorded. No mortality was observed in the
control group. LC50 lead nitrate is 40 mg/L for zebrafish.
Different concentrations of lead nitrate and mortality of
zebrafish values are shown in Tab-1, and the concentration and
percentage of mortalities are shown in Fig-1 with calculated
LC50 values. The relation between lead nitrate toxicity and
mortality in zebrafish is shown in Tab-3. Table 2 shows log dose
versus probit kill values of zebrafish representing LC50 at 96
hours. Fig-2 shows the log concentration of lead nitrate and
probitkill it exhibit alinear relationship. 10 mg/L of lead nitrate
causes the death of 10% of zebrafish. Subsequently increased in
the concentration of toxicant, i.e., lead nitrate, gradually at 40
mg/L; it causes the death of half of the population of zebrafish;
hence for zebrafish, 40 mg/L is toxic. In addition, 50 mg/L of
lead nitrate causes 90% mortality in zebrafish for 96 hours.The
calculated probitand log dose are displayed in Fig-3.

Concentration mg/L Mortality (%)

0 0

10 10

20 20

30 40

40 50

50 90

Column 1 Column 2

Column 1 1
Column 2 0.964109 1

Tab-3 displays the correlation between concentration and
mortalities. There is a strong positive correlation between the
concentration of lead nitrate and mortalities of zebrafish. In
Tab-4, there was a strong positive correlation of 0.96179
between the concentration oflead nitrate and mortalities.

Lead nitrate toxicity induces behavioural response in
Daniorerio

Experimental group

Zebrafish exposed to lead nitrate exhibit anomalous behaviour.
Therefore, lead nitrate enters the body of fish and keeps the
mouth open, which ultimately results in the death of fish. The
results represent that lead nitrate causes adverse effects on fish.
During the toxicity test, the zebrafish were constantly observed,
and they showed symptoms of slow locomotion, disturbed
schooling, rapid opercular activity, and erratic swimming. With
an increase in the concentration of toxicant, the activity

increases with a few hours; it becomes occasional, and fishes
settledown in an aquarium and become lethargic. Fishes exhibit
increased behavior changes on addition of lead nitrate stock
solution; lateritbecame occasional.

Control group

The control group of fish exhibits grouped schooling behaviour.
The rate, duration, and type of behavioural changes increased
with increased lead nitrate concentration. In the control group
of fishes there were mortalities or behavioural alterations.

Discussion

Fish live in an environment thatcontains diverse heavy
metals,remnants, pesticides, pharmaceuticals ,coliforms, etc.
The cumulative effects of these toxicants cause detrimental
effects on aquatic flora ,fauna, and other living organismsof the
food web [28, 29]. Heavy metal such as lead is characterized as
the most toxic substance[30].In the present study it was
observed based on the mortality of fish for 96 hours, the LC50 of
lead nitrate for Daniorerio is 40 mg/L. Hence, for zebrafish, 40
mg/L is toxic. Heavy metal toxicity to the organisms is assessd
based on the absorbed dose, route of exposure, and exposure
duration [31, 32, 33,34].Small concentrations of lead, cadmium
and other heavy metals are lethal and highly dangerous in long-
term exposureln air-breathing fish, the LC50 of lead nitrate for
C. batrachusandC. punctatus were 346.6 and 177.8 mg/L
respectively.[35]. The toxicity of Pb on Cyprinuscarpio (Common
carp) wasreported [37], and the 96-hour LC50 was 328 mg/L.
[38] illustrates that there are different LC50 values for the same
species exposed to the same heavy metal. It was found that few
fishes are highly sensitive to the toxic effects of one metal, and
less sensitive towards another toxic heavy metal equally at the
same concentration. Metals enter intoliving organisms by
inhalation, ingestion, or through the skin, and their existence
may cause severe toxicity in humans and animals [39].
According to one study [40]the status of heavy metals
contamination in aquatic fauna and flora is bioaccumulative and
hazardous. Heavy metals are primarily considered toxic
substances for aquatic systems because they are highly toxic,
and living organisms tend to accumulate them [41] .A study
reported the toxicity of lead to Oreochromisniloticus.The 96-hr
LC50 value of Pb(NO3), was 44 mg/L[42]. This value was
greater than our results, indicating that zebrafish is highly
sensitive than Oreochromisniloticus. The 96-hour LC50 of lead
nitrate to C. punctatus (158.171) [43]and H. fossilis(280.070).
LC50 of lead 21.63 mg/L and cobalt 69.83 mg/L.[44] In both
groups, C. punctatus and H. fossilis mortality increases with an
increase in the concentration of toxicant, i.e., lead nitrate. This
study indicates LC50 of lead 21.63 mg/L and cobalt 69.83
mg/L.[45] It was concluded that lead is highly toxic to zebrafish
in comparison to cobalt. 96-hour exposure of Mystuscavasius to
lead nitrate LC50 value was 55 mg/L [46]. There exists a direct
relation between concentration of toxicant and mortality [47]
.The values of toxicity tolerance vary in different toxicants
against different test species and sizes.[48]. There is a strong
correlation between physiological alteration and behavioral
disturbance; hence, it provides ecological relevancy to the
physiological measurement of toxicity [49]. Physiological
responseslike behavioural changes shown by the animal, are
sensitive indicators of chemically produced stress in aquarium
organisms [50]. During the toxicity test, the zebrafish were
constantly observed, and they showed symptoms of slow
locomotion, disturbed schooling, rapid opercular activity, and
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erratic swimming. Inhibition of cholinesterase, alterations in
the levels of neurotransmitters, decreased thyroid and gonadal
hormone levels, and sensory deprivation are generally reported
and related to behavioral disturbance (51).Thetarget organ is
the central nervous system which commonly participates in
systemic poisoning [52], which results in loss of movement and
coordination, tremors, and unbalanced behavior that leads to
hyperexcitability and convulsions [53]. Similar finding in
Labeorohitaexposed to lead nitrate fish become lethargic,
activity decreases while increasing in the first few hours [54].
After acute exposure to water lead concentration, zebrafish
larvae exhibit altered swimming patterns accompanied by
elevated oxidative stress [55]. Similar results are observed by
different researchers [56, 57, 58,59,60]. Hence, our present
results agree with many researchers. The target organ
constantly participating in systemic toxicity is the central
nervous system. Behavio ral observations are used to monitor
the quality of aquatic environments and pollution severity for
physiological systems reflected in fish behaviour (i) faulty
exchange of gases in gills, (ii) imbalance in stress-mediated
hormones, (iii) impaired osmoregulation, and (iv) impaired
metabolism [61].

Conclusion

In conclusion, the current findings indicate that lead nitrate is
highly lethal to zebrafish and causes behavioural anomalies at
different concentrations. Determination of LC50 helps us to
figure out tolerated levels of heavy metal in an aquatic
environment. An acute toxicity experiment tells about the
health conditions of a specificaquatic environment. The present
finding concluded that 40 mg/L is lethal for zebrafish, which
causes the death of half of the population, and an increase in the
concentration of lead nitrate mortalities of fish increases, and
fish exhibit various behavioural changes. It is determined that
lead nitrate has an intense impact on behavioural changes in
zebrafish. Lead nitrate is lethal to aquatic fauna. Heavy metals
such aslead nitrate endpoint provide notable information about
the safe level of heavy metal in aquatic habitats. Acute toxicity
tests estimate the effect of pollution due to heavy metals and the
development of water quality measures to conserve aquatic
environments.

Funding Information

The author didn't receive any funds from funding agencies. This
study didn't receive any funding from funding agencies. For the
preparation of the manuscript, the author didn't receive funds.

Acknowledgments

The author expresses sincere thanks to the Department
ofZoology ,VCIWU for providing necessary infrastructurefor
conducting this research work.

References

1. Javed, M.and Usmani, N, “An overview of the adverse effects
of heavy metal contamination on fish health,” Proceedings
of the National Academy of Sciences, Biological Sciences,
India, 389-403.2019

2. Chai, L., Chen, A., Luo, P, Zhao, H., Wang, H., 2017.
Histopathological changes and lipid metabolism in the liver
of Bufogargarizans tadpoles exposed to Triclosan.
Chemosphere 182, 255-266. https://doi.org/10.1016/j.
Chemosphere.2017.05.040.

10.

11.

12.

13.

14.

Deng, H., Chai, L. Luo, P, Zhou, M., Nover, D., Zhao, X,
2017.Toxic effects of NH4+-N on embryonic development
of Bufogargarizans and Ranachensinensis.Chemosphere
182, 617-623. https://doi.org/10.1016/j. Chemosphere.
2017.02.156.Epub 2017 Apr 3.

Maier, D., Blaha, L., Giesy, ].P, Henneberg, A., Kdhler, H.R,,
Kuch, B., Osterauer, R.,Peschke, K., Richter, D., Scheurer, M.,
Triebskorn, R., 2014. Biological plausibility as a tool to
associate analytical data for micropollutants and effect
potentials in wastewater, surface water, and sediments
with effectsin fishes. Water Res. 72,127-144.

Dhanakumar, S., Solaraj, G., Mohanraj, R., 2015. Heavy metal
partitioning inSediments and bioaccumulation in
commercial fish species of three major of river Cauvery
deltaregion. India. Ecotoxicol. Environ.Saf. 113,145-151.

Garcia, J.C., Martinez, D.S.T,, Alves, O.L., Leonardo, A.F.G.,
Barbieri, E., 2015.Ecotoxicological effects of carbofuran
and oxidized multiwalled carbon nanotubes on the
freshwater fish Nile tilapia: nanotubes enhance
pesticideecotoxicity. Ecotoxicol. Environ. Saf. 111,
131-137.

Drevnick, P.E., Sandheinrich, M.B,, Oris, ].T,, 2006. Increased
ovarian follicular apoptosis in fathead minnows
(Pimephalespromelas) exposed to dietary methylmercury.
Aquat. Toxicol. 79,49-54.

Sfakianakis, D.G., Renieri, E., Kentouri, M., Tsatsakis, A.M.,
2015. Effect of heavy metals on fish larvae deformities: a
review. Enviro.Res. 137,246-255.

Adeyemo, 0.K., Adedeji, 0.B., Offor, C.C., 2010. Blood lead
level as biomarker of environmental lead pollution in feral
and cultured African catfish (Clariasgariepinus). Nigerian
Vet.].31,139-147.

Fazio, F., Piccione, G., Tribulato, K., Ferrantelli, V.,
Giangrosso, G., Arfuso, F, Faggio,C., 2014. Bioaccumulation
of heavy metals in blood and tissue of striped mullet in two
[talian Lakes.]. Aquat. Anim. Health 26,278-284.

Jalali, R., Ghafourian, H., Asef, Y., Davarpanah, S.]., &Sepehr,
S. (2002). Removal and recovery of lead using nonliving
biomass of marine algae. Journal of Hazardous Materials,
92(3),253-262.

Brraich, O. S., & Kaur, M. (2017). Histopathological
alterations in the gills of Labeorohita (Hamilton-
Buchanan) due to lead toxicity.

Tamizhazhagan V, Pugazhendy K, Sakthidasan V, Jayanthi C,
Barbara Sawicka, Agevi Humphrey, et al. Study of toxic
effect of Monocrotophos 36% E.C on the Biochemical
changes in fresh water fish Catlacatla (Hamilton, 1882).
2017;4(3):1-9.DOI: http://dx.doi.org /10.21276 /ijcpa.

Bauvais, C., Zirah, S., Piette, L., Chaspoul, E, Coulon, L.D,,
2015. Sponging up metals: bacteria associated with the
marine sponge Spongiaofficinalis. Mar. Environ. Res. 104,
20-30.

19.

biologyforum.actabotanica.org


biologyforum.actabotanica.org
biologyforum.actabotanica.org
https://doi.org/10.1016/j.Chemosphere.2017.05.040
https://doi.org/10.1016/j.Chemosphere.2017.05.040
https://doi.org/10.1016/j
https://doi.org/10.1016/j
http://dx.doi.org

Asma Begum et al., / Acta Biology Forum. (2025)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Vasanthi, N,, Muthukumaravel, K., Sathick, 0., Sugumaran, J.,
2019. Toxic effect of Mercury on the freshwater fish
Oreochromismossambicus. Res. ]J. Life Sci. Bioinfo.
Pharmaceut. Chem. Sci. 5 (3),364-376.

Ramsdorf, W. A., Ferraro, M. V. M., Oliveira-Ribeiro, C. A.,
Costa, J. R. M., &Cestari, M. M. (2009). Genotoxic evaluation
of different doses of inorganic lead (PbII) in
Hopliasmalabaricus. Environmental Monitoring and
Assessment, 158,77-85.

Sehonova, P, Plhalova, L., Blahova, ]J., Doubkova, V.,
Marsalek, P, Prokes, M., Tichy, F, Skladana, M., Fiorino, E.,
Mikula, P, Vecerek, V., Faggio, C., and Svobodova, Z. 2017.
Effects of selected tricyclic antidepressants on early- life
stages of common carp (Cyprinuscarpio). Chemosphere,
185:1072-1080.

Authman, M.M.N,, Zaki, M.S., Khallaf, E.A. and Abbas, H.H,
“Use of fish as bio-indicator of the effects of heavy metals
pollution,” Journal of Aquaculture and Development, 6(4).
2015.

Nigar, S., Gupta, N. and Shalaby, S.I, “Haematological indices
of Channapunctatus as a bio-indicator assessing
physiological status,” Bulletin of National Research Centre,
41(2).49-61.2017.

Maurya, PK., Malik, D.S., Yadav, K.K., Kumar, A., Kumar, S.and
Kamyab, H, “Bioaccumulation and potential sources of
heavy metal contamination in fish species in river Ganga
basin: Possible human health risks evaluation,” Toxicology
Reports, 6.472-481.2019.

Eaton, A.D., Clesceri, L.S., Greenberg A.E. and Franson,
M.A.H. 2005. Standard Methods for the Examination of
Water and Waste Water. 19 ed. The American Public Health
Association. Washington.

Senthamilselvan, D., Chezhian, A. and Suresh, E, “Acute
toxicity of chromium and mercury to Latescalcarifer under
laboratory conditions,” International Journal of Fisheries
and Aquatic Studies, 2(4).54-57.2015.

Rani, M.]., John, M.M.C,, Uthiralingam, M. and Azhaguraj, R,
“Acute toxicity of mercury and chromium to
Clariasbatrachus (Linn),” Bioresearch Bulletin, 5. 368-372.
2011.

Reda, FA. Bakr, A.M., Kamel, S.A., Sheba and Doaa, R. A.
2010. A mathematical model for estimating the LC50 (or
LD50) among an insect life cycle. Egyptian Academic
Journal of Biological Sciences, 32: 75-81.

Kerstin Howe, Matthew D Clark, Carlos F Torroja, James
Torrance, Co milie Berthelot et al. The zebrafish reference
genome sequence and relationship to the human genome.
Nature.2013:25:496-498-503

Lin Cheng Yung, Chiang Cheng-Yi and Tsai Huai-Jen.
Zebrafish and Medaka new model organisms for modern
biomedical research. Journal of Biomedical Science. 2016:
23:109.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Finney, D.J. “A statistical treatment of the sigmoid response
curve,’ Probit analysis. (3"ed). Cambridge University Press,
London 333,1971. [Accessed 2 August 1982].

Manikandan, P, Shirlin, ].M. and Kalaiarasi, ].M.V. “Studies
on the biochemical changes in fresh water fish,
Channapunctatus exposed to the heavy metal toxicant lead
nitrate,” International Journal of Novel Trends in
Pharmaceutical Sciences, 6(5).100-105.2016.

Nigar, S., Gupta, N. and Shalaby, S.1, “Haematological indices
of Channapunctatus as a bio-indicator assessing
physiological status,” Bulletin of National Research Centre,
41(2).49-61.2017.

Sfakianakis, D.G., Renieri, E., Kentouri, M., Tsatsakis, A.M.,
2015. Effect of heavy metalson fish larvae deformities: a
review. Enviro.Res.137,246-255.

Chaurasia, M.K,, Nizam, F,, Ravichandran, G., Arasu, M.V,, Al-
Dhabi, N.A., Arshad, A.Elumalai, P, Arockiaraj, J., 2016a.
Molecular importance of prawn large heat shock proteins
60,70 and 90. Fish shellfish Immunol. 48,228-238.

Kumaresan, V, Ravichandran, G., Nizam, F, Dhayanithi, N.B.,
Arasu, M.V,, Al-Dhabi, N.A., Harikrishnan, R., Arockiaraj, J.,
2016. Multifunctional murrelcaspase 1, 2, 3, 8 and 9:
Conservation, uniqueness and their pathogen-induced
expression pattern. Fish Shellf. Immunol. 49,493-504.

Chaurasia, M.K,, Ravichandran, G., Nizam, F,, Arasu, M.V, Al-
Dhabi, N.A,, Arshad, A. Harikrishnan, R., Arockiaraj, J.,
2016Db. In-silico analysis and mRNA modulation of
detoxification enzymes GST delta and kappa against
various biotic and abiotic oxidative stressors. Fish Shellfish
Immunol. 54,353-363.

Kumaresan, V., Bhatt, P, Ganesh, M.R., Harikrishnan, R,
Arasu, M.V, Al-Dhabi, N.A,, Pasupuleti, M., Marimuthu, K,
Arockiaraj, ]J.A., 2015a. Novel antimicrobial peptide derived
from fish goose type lysozyme disrupts the membrane of
Salmonella enterica. Mol. Immunol. 68,421-433.

Guardiola, F.A., Cuesta, A., Meseguer, J., Martinez, S.,
Martinez-Sanchez, M.]., Pérez-Sirvent, C., Esteban, M.A.,,
2013. Accumulation, histopathology and
immunotoxicological effects of waterborne cadmium on
gilthead sea bream (Sparusaurata). Fish Shellfish Immunol.
35,792-800.

Pandit, D.N., Kumari, R. and Kumari, V, “Factors affecting
acute toxicity dose of lead nitrate in certain indian air-
breathing fishes,” International Journal of Chemical
Science, 15(2).144-152.2017.

Paul, S., Mandal, A., Bhattacharijee, P.,. Chakraborty, S., Paul,
R.and Mukhopadhyay, B.K. “Evaluation of water quality and
toxicity after exposure of lead nitrate in freshwater fish,
major source of water pollution,” The Egyptian Journal of
Aquatic Research, 45(4).345-351.2019.

20.

biologyforum.actabotanica.org


biologyforum.actabotanica.org
biologyforum.actabotanica.org

Asma Begum et al., / Acta Biology Forum. (2025)

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

Manjeet, K. and Singh, B.O, “Determination of LC50 of lead
nitrate for a fish, Labeorohita (Hamilton-
Buchanan),”International Research Journal of Biological
Sciences, 4(8),23-26.2015.

Alissa, E., Ferns, G., 2011. Heavy metal poisoning and
cardiovasculardisease.]. Toxicol.2011,1-21.

Kakade, A., Salama, E., Pengya, F, Liu, P. and Li, X. 2020.
Long-term exposure of high concentration heavy metals
induced toxicity, fatality, and gut microbial dysbiosis in

common carp, Cyprinuscarpio. Environmental Pollution,
266:115293.

Pandey, G., Madhuri, S., 2014. Heavy metals causing toxicity
inanimals and fishesRes. ]. Ani. Vet. Fishery Sci. 2 (2),17-23.

Ullah, A., Rehman, H.U., Khan, A.Z., Rehman, Z., Ahmad, S.,
Rehman, M.U,, B Abdin, Z.U., Amjad, Z., Qureshi, M.F, Khan,
J., 2016. Determination of 96- of lead nitrate for a fish,
Oreochromisniloticus. . Entomo. Zool.Stuc1216-1218.

Nigar, S., Gupta, N., Trivedi, A.,, & Gupta, V. (2021). Lead
nitrate induced acute toxicity in the freshwater fishes
Channapunctatus and Heteropneustesfossilis. Appl. Ecol.
Environ. Sci, 9,735-743.

Singh, C. B., & Ansari, B. A. (2017). Toxicity of two heavy
metalslead and cobalt on zebrafish, Daniorerio. Sch. Acad.].
Biosci, 5(9), 682-687.

Jain, S., &Batham, D. (2016). Acute toxicity and biochemical
studies of lead nitrate on the liver and kidney of fresh water
fish Mystuscavasius. ] Glob Biosci, 5(9),4590-4597.

Singh, B. 0., &Manjeet, K. (2015). Determination of LC 50 of
lead nitrate for a fish, Labeorohita (Hamilton Buchanan).
International Research Journal of Biological Sciences, 4(8),
23-26.

KrewsKi, D., Acosta, D., Andersen, M., Anderson, H., Bailar,
].C.,Boekelheide, K., Brent, R., Charnley, G., Cheung, V.G. et al,
“Toxicity testing in the 21" century: A vision and a strategy,”
Journal of Toxicology and Environmental Health, 13(2-4).
51-138.2010.

Scott, G.R. and Sloman, K.A. 2004. The effects of
environmental pollutants on complex fish behaviour:
integrative behavioural and physiological indicators of
toxicity. Aquat. Toxicol. 68: 369-392.

Remyla, S. R, Mathan, R., Kenneth, S. S. and Karunthchalam,
S. K.(2008) Influence of Zink on Cadmium induced
responces in a freshwater Teleost fish Catlacatla. Fish
Physiol. Biochem. 34:169-174.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Scott, G.R. and Sloman, K.A. 2004. The effects of
environmental pollutants on complex fish behaviour:
integrative behavioural and physiological indicators of
toxicity. Aquat. Toxicol. 68: 369-392.

Klaassen, C.D. 2008. Casarett and Doull's Toxicology The
Basic Science of Poisons, Seventh Edition.McGraw-Hill,
Medical publishing division, New York, pp: 35-40.

Wouters, W. and Van den Brecken. 1978. A comparative
study on mercury, Zinc and copper, accumulation and
recovery in the tissues of fishes. Gen. Pharmacol. 9: 387-
392.

Brraich, 0. S., & Kaur, M. (2015). Behavioural and
Morphological Manifestations in LabeoRohita (Hamilton-
Buchanan) Under the Exposure of Lead Nitrate. Zoology,
4(8).

Kim, ]. H, & Kang, J. C. (2017). Effects of sub-chronic
exposure to lead (Pb) and ascorbic acid in juvenile rockfish:
Antioxidant responses, MT gene expression, and
neurotransmitters. Chemosphere, 171,520-527.

Singh, B. 0., &Manjeet, K. (2015). Determination of LC 50 of
lead nitrate for a fish, Labeorohita (Hamilton Buchanan).
International Research Journal of Biological Sciences, 4(8),
23-26.

Mohanambal, R, &Puvaneswari, S. (2013). A study on the
acute toxicity of lead nitrate (Pb (NO3) 2) on the freshwater
fish Catlacatla. Int] CurrSci, 8,2151-2155.

Nekoubin, H., Gharedaashi, E., Hosseinzadeh, M.,
&Imanpour, M. R. (2012). Determination of LC50 of lead
nitrate and copper sulphate in common carp
(Ciprinuscarpio).

Singh, N., &Saxena, B. (2020). Behavioral and
morphological changes in fresh water fish,
Channapunctatus under the exposure of Cadmium.
Environment Conservation Journal, 21(3), 187-193.

Kaur, R., &Dua, A. (2014). Acute toxicity, behavioural and
morphological alterations in Indian Carp, Labeorohita H.,
on exposure to municipal wastewater of Tung Dhab Drain,
Punjab, India.IJSR, 3,1716-1720.

LAL,S.S.(2010). Hematological changes in Tincatinca after
exposure to lethal and sublethal doses of Mercury,
Cadmiumand Lead.

21.

biologyforum.actabotanica.org


biologyforum.actabotanica.org
biologyforum.actabotanica.org

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

