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Abstract: Drosophila melanogaster (fruit fly) can prove an ideal
model organism for the toxicological studies and risk assessment, as
it bears striking similarities to various systems in human body.
Drosophila is also useful for studying potential toxic effects of
different organic and inorganic compounds. Bleaching powder, an
inorganic compound is frequently used for cleaning and
disinfection; bleaches kill or control most types of bacteria, flies etc.
In the present study bleaching Powder, calcium hypochlorite was
investigated for its cytotoxic potential and its effect on biological
molecules in drosophila. Various concentrations (0, 2.5, 5, 7.5, and
109%) of the bleaching powder were mixed with food and fed to the
flies. Biochemical assays (Protein and Lipids) were performed to
check the amount of oxidative stress caused to biomolecules. The
present study reveals that prolonged exposure to bleaching powder
at higher concentration causes toxicity which in turn affects the
hatching and life cycle of drosophila. Concentration dependent
significant increase in lipid peroxidation and hydro peroxides;
Protein carbonyl and sulphydryls were observed in treated flies.
Long term exposure to bleaching powder can have significant effect
on the survival of flies’ population even if its concentration is low
and it may also reflect population adaptive capacity.

Index Terms: Drosophila, Bleaching Powder, Lipid peroxidation,
Protein oxidation

I. INTRODUCTION

Pesticides are widely used are persistent to most of the pests
but they cause important problems for non-target living beings
by means of food chain. Many studies have indicated that
insecticides and degradation products have carcinogenic effects
on humans and other living beings (Swarup, et al., 2013). Active
contents and metabolites of these chemical materials disperse
into the environment and harm other living beings than the target
organism (Inamdar, et al., 2013; Rand, 2010). Chlorine is the
major component present in the form of calcium hypochlorite
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Ca(ClO), seen in bleaching powder. Calcium carbonate and
chlorine gas when bleaching powder is exposed in air to it
reacts with carbon dioxide gas present in air To disinfect water
and to kill diseases causing pathogens such as bacteria, viruses
and protozoans chlorine is widely used now a days. Many civic
bodies and government departments are found sprinkling
bleaching powder as flies repellent due to lack of awareness.

The Drosophila melanogaster (fruit fly) is one of the most
extensively studied model organisms. The model at various
development stages, such as embryo, larva, and adult fly, has
been used to test the toxicity of chemicals, including industrial
volatile organic compounds, heavy metals and anesthetic gases
(Rand, et al., 2013). Fruit flies have been used to explore the
mechanisms and genetics underlying the susceptibility to ethanol
intoxication, to document the olfactory avoidance behavior ,to
identify neurotransmitter pathways affected by volatile fungal
toxins (Inamdar, et al., 2013) and to quantify the changes in the
metabolic rate during exposure to components of gasoline® . It is
recognized as a powerful biological model, among many kinds
of animal models in the cytotoxic studies. Using drosophila as
model system, many studies show chemical toxicity are closely
related to metabolic rate, cell size , feeding preferences and
body mass (Pappus, et al., 2018; Yiwen, et al., 2021) . This is
due to its highly dynamic and well-characterized morphology
changes during the process of embryogenesis.

Animal behaviour depends upon the integrated processes at
the different levels, which is susceptible to disruption by a broad
spectrum of chemicals and environmental, stresses (Asante-
Duah K., 2017). Behavioral changes are therefore considered an
important indicator of chemical toxicity because it reflects the
alteration in integrated physiological condition. Behavioral
changes in water flea, Daphnia magna due to chemical have
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been investigated in environmental toxicity tests in continuous
water quality monitoring (Kieu, et al., 2001; Tyagi, et al., 2007).

In the present study, we investigated the potential toxicity of a
bleaching powder in a fruit fly D. melanogaster model. This
model has an advantage over others as it raises few ethical
concerns and has served as a unique and powerful model to
study toxicity of various chemicals, screening synthetic and
natural compounds with respect to diseases and cure.(Kim, et al.,
2013). Particularly, we investigated the behavioral changes and
damage to lipids (peroxides and hydro peroxides) and proteins
(carbonyls and sulphydryls) on D. melanogaster exposed to
bleaching powder

1. MATERIAL AND METHOD

A. Drosophila Culture

The wild-type Drosophila melanogaster strain was maintained
in the laboratory on a standard cornmeal, yeast, dextrose, and
agar medium at 25°C (Ng et al., 2019). Eggs were collected
from these flies by shaking them without anesthesia into bottles
containing an approximately 2 cm layer of fermenting fresh
baker’s yeast supplemented with sucrose The egg collection
were kept in the dark for 8 hours at 25°C. After removing the
parental flies, the egg collection bottles were taken back to 25°C
where they remained at a relative humidity of 65% for the rest of
their development. 72 h larvae were collected after 3 days by
washing them out the bottles with tap water through a fine-
meshed stainless steel strainer.

B. Preparation of bleaching powder

Bleaching Powder was purchased from Himedia, India.
Different concentrations (0, 2.5%, 5%, 7.5% and 10%) of
bleaching powder were used for the experiment.

C. Estimation of percent mortality

The larvae were transferred to vials (20 larvae/vial) containing
0.5 g of Drosophila Instant Medium (Carolina Biological Supply
Co, NC, USA) prepared with the solutions of the test
compounds, Bleaching powder at 0 to 10 % concentration were
used. Five replications were made for each concentration in five
independent experiments for each bleaching powder. The
experimental vials were kept at 25°C and at a relative humidity
of 65%. The surviving flies were collected from the vials on
days 10 to 12 after egg laying and shaken into a flask containing
70% ethanol to quantify mortality.
Mortality formula of a defined population, over a specified
period of time, is:

Death occurring during a given time period

X 100
Size of the population among which death occur
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D. Quantitating oxidative damage to biomolecules

(i) Oxidative damage to lipids in drosophila induced by
bleaching powder at different concentration was measured in
terms of nmoles of malondialdehyde equivalents formed
(Devasagayam, 1986) and expressed as nmoles of TBARS/100
mg tissue and Lipid hydro peroxides (Anna, et al., 2000) was
measured in terms of nmoles of LOOH equivalents formed, and
expressed as nmoles of LOOH formed / mg protein.

(ii) Oxidative damage to proteins carbonyls is based on the
reaction of carbonyl groups with 2, 4-dinitrophenylhydrazine
(DNPH) to form a 2,4- dinitrophenylhydrazone, which can be
measured at 366 nm. Amount of carbonyls formed was
expressed as nmoles of protein carbonyls formed/100 mg tissue
(Palamanda and Kehrer, 1992) and protein sulphydryls were
quantitated using Ellman's reagent (5,5-dithiobis-2-nitrobenzoic
acid) and expressed as nmoles of protein sulphydryls/100 mg
tissue (Ellmann, 1959).

E. Statistical analyses

The LC50’s were calculated using logistic regression with all
five replications of every concentration. LC50’s obtained from
the five experiments were analyzed with a two-way ANOVA.
Experiments were repeated at least five times and data presented
is average of these replicates.

I1l. RESULT AND DISCUSSION

From many decades man's battle with insects to control
and eradication of structure dwelling insects has been focused on
chemical poisons (Mawdsley, 2011). Many chemicals acts as
insecticides and has long lasting residual insecticidal properties
(VoPham, et al, 2017), DDT, a well-known effective
insecticide, having residual insecticidal properties for many
days. Other insecticides may be highly toxic to insects, but are
also highly toxic to humans, pets and warm blooded animals
generally, or have very serious ecological impact (Wang, et al.,
2021). Drosophila is best known multicellular eukaryote model
organism which helps to study the interactions between genes
and environmental clues simultaneously. Recently, there have
been successful attempts to use this species to investigate the
effect of a certain type of diet on viability and lifespan (Erkosar
et al., 2013; Khan et al., 2017). Radia et al, 2015 have shown
Drosophila as an excellent model system to evaluate lethal
concentration and their effect of different chemical or bioactive
substances such as, growth and molting disruption effects of
azadirachtin. The effect of Aspirin and acetaldehyde on
longitivity and metamorphosis duration was studied by Duygu
keser and Ayla Karata., 2012.

Drosophila is reared on yeast-agar-corn meal medium
for three generations and them these flies were transferred into
Drosophila culture bottles containing different concentrations of
the bleaching powder., this gives an advantage that progeny get
exposed throughout there lifecycle to bleaching powder and
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control was reared in medium without bleaching powder the
same method used by Mathew Endre et al.,2018.In the present
study, an attempt has been made to document the short term
toxicity of commonly used commercial bleaching powder to the
Drosophila melanogaster.

Morphological Changes in Drosophila Life cycle

Drosophila exposed at different concentrations of bleaching
powder ranging from O to 10 % showed significant
morphological changes in its life cycle. Control drosophila
showed no significant change in the morphology and percent
mortality. Bleaching powder (2.5%) showed significant
mortality and the size of emerged larva was almost half
compared to control larva. Bleaching powder (5 %) showed
significant mortality and the size of emerged larva was almost 3
times reduced compared to control larva. At 7.5% Bleaching
powder significant mortality was observed at the larval forms
than the control larval forms. Also, the delay in the emergence of
larval forms was observed compared to control. Interestingly at
10% of bleaching powder the life cycle of drosophila was ceased
at the stage of eggs which was observed till 15 days. This may
be due to inhibitory effect of bleaching powder on gonadal
development. Imbalanced endocrine system or inhibition of
ovarian development or deformities in oviposition organs results
in the inhibition of oviposition (Phoebe et al., 2002). Gireesh
Nadda et al., 2005 reported reduced fecundity rate was observed
by the effect of beta-cyfluthrin,

At the concentration 10% of bleaching powder the eggs
were not able to hatch from the egg this is may be due to direct
impact of bleaching powder various tissue such as follicular
cells, trophocytes, perifollicular cells and oocyte themselves
(Soltani et al., 2016) or hormonal imbalance (Gireesh Nadda,
2005). In the present study it was observed that the egg hatching
process and ovicidal action was decreased due to accumulation
of bleaching powder in eggs results in their direct death. The
eggs which laid but do not hatched, are may be result of
inappropriate incorporation of the yolk so that the embryo failed
to complete metamorphosis or may be due antifeedant effect of
bleaching powder resulted in weak and non -viable egg
production

To measure and evaluate the median lethal concentration (LCso)
and percent mortality

LCso is defined as the lethal concentration at which 50 % of
the population if killed in a given period of time. There can be
wide range of tolerance to toxic agents among different
population of a species which should be taken into account.
Variability in acute toxicity depends on the size, age and
condition of the test species along with experimental factors
such as changes in water quality and test species (Sadeghi et al.,
2018).
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In the following experiment the drosophila was treated with
different concentrations of bleaching powder ranging from 0 to
10 %. At the different concentrations of bleaching powder viz 0,
2.5, 5, 7.5 and 10% percent mortality were 0, 30, 40, 52 and 85
% respectively. Figure 1 shows the mortality rates and LD50’s
for bleaching powder was 7.35% (Figure 1). On the other hand,
the ANOVA results show significant differences between
control (F = 38.21, p = 0.0013) and bleaching powder interaction
(F =9.62, p = 0.0032). Results revealed an increase in mortality
rates directly proportional to increase in different concentrations
of bleaching powder (Figure 1). The similar result was observed
by insecticide beta cyfluthrin on drosophila studies (Gireesh
Naada et al., 2005). Results revealed a sigmoid type curve with
an increase in mortality rates directly proportional to all different
concentrations of bleaching powder.

Figure 1: Percent mortality of drosophila melanogaster
exposed to different concentrations of bleaching powder
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All experiments were repeated at least five times and data presented is
average of these replicates. Results are mean + SE of 20 drosophila used in each
group. ** Statistically significant (p<0.001) compared to control group; *
statistically significant (p<0.05) compared to control group

Oxidative damage to lipids:

Formation of reactive oxygen species (ROS) causes tissue
dysfunction and damage in a number of pathological conditions.
ROS oxidize the lipids to generate hydro peroxides and
peroxides. The lipid peroxidation (LPO) products are highly
reactive which causes alterations in cell signalling, protein and
DNA damage, and cytotoxicity (Ramana et al., 2013).

Oxidative damage caused to lipids due to bleaching powder
was estimated in terms of thiobarbituric acid reactive substances
(TBARS) and is expressed as nmoles of TBARS formed/mg
protein. The lipid peroxidation (amount of TBARS/mg) was
significantly (p<0.001; 10 %) increased with increasing
concentration of bleaching powder as compared to control.
Amount of lipid peroxidation was (1.6 + 0.04 ; 2.0 £0.07; 2.51
+ 0.7; 3.58 £ 0.4 and 5.7 £ 1.0 nmoles of TBARS formed/mg
protein at bleaching powder concentration at control, 2.5%, 5% ,
7.5% , 10 %, respectively (Figure 2a). Products of lipid
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peroxidation as a factor in the toxic effect of silver nanoparticles
(Patrycja et al., 2020).

Lipid hydro peroxides (LOOHSs) are prominent non-
radical intermediates of lipid peroxidation whose identification
can often provide valuable mechanistic information, i.e whether
a primary reaction is mediated by singlet oxygen or oxyradicals
(Girotti ; 1998; Antonio et al., 2014) . Amount of LOOH formed
/mg protein (Figure 2b) was significantly (p<0.05) increased
with an increase in the concentrations of the bleaching powder.
At 10 % concentration of bleaching powder the amount of lipid
hydro peroxides formed were 5.7 times more (71.23 = 2.9
nmoles of LOOH formed/ mg protein; p<0.001) and at 7.5 %
lipid hydro peroxides were 4.1 times more (51 + 2.2 nmoles of
LOOH formed/ mg protein; p<0.05) compared to control (12.4
+ 1.1 nmoles of LOOH formed/ mg protein) respectively.

Figure 2: Effect of bleaching Powder on the amount of Lipid
damage under different conditions
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All experiments were repeated at least five times and data presented is
average of these replicates. Results are mean + SE of 20 drosophila used in each
group. ** Statistically significant (p<0.001) compared to control group;
*statistically significant (p<0.05) compared to control group.

Oxidative damage to proteins
Reactive oxygen species (ROS) may either react directly with
some amino acid residues or lead to oxidative cleavage of

Institute of Science, BHU Varanasi, India

Journal of Scientific Research, Volume 65, Issue 6, 2021

the protein backbone. (Vaishali et al., 2017) Therefore most
often used procedure to detect protein carbonyls is after their
derivatization with DNPH.( 2,4-Dinitrophenylhydrazine).

Amount of protein carbonyl was significantly
(p<0.001; 10 %) increased in concentration dependent manner
with an increase in concentration of bleaching powder as
compared to control. It was found that protein carbonyl
concentration was 1.6 + 0.15; 3.5+ 0.8; 49+ 0.9; 6.5 £ 1.0 and
14.20 + 0.4 pmoles of protein carbonyl formed/mg protein at
bleaching powder concentration at control, 2.5% , 5% , 7.5 % ,
10 %, respectively (Figure 3a). Similar result was observed by
Suhel Parvez and Sheikh Raisuddin (2005) as oxidative stress-
inducing pesticides in freshwater fish Channa punctate.

Sulfhydryl (SH) is ubiquitous in peptides and proteins
throughout the body. Molecules with SH groups are referred to
as thiols or mercaptans (Nordberg et al., 2015). Proteins
containing Cys residues are abundant throughout the body, both
in enzymes, organelles, and in intracellular and extracellular
membranes. Since most SH groups are important for the
function or structure of numerous proteins. Presence of intact
disulfide linkages appears to be necessary to the physiological
behavior of other active principles such as insulin, the
appearance of free -SH groups coinciding with loss in activity
(Brandes et al., 2009). At 10 % concentration of bleaching
powder the amount protein sulphydryl formed was 2.1 times
significantly (p<0.001) decreased (1.4 + 0.02 pmoles of
protein sulphyryl depleted/mg protein) and at 7.5 % amount of
protein sulphydryls were 1.8 times significantly (p<0.05) less
(1.7 = 0.2 pmoles of protein sulphyryl depleted/mg protein)
compared to control (3.1 + 0.1 pmoles of protein sulphyryl
depleted/mg protein) respectively(Figure 3b). Ajsuvakova et al.,
2020 also observed sulfhydryl groups as targets of mercury
toxicity.

Figure 3: Effect of bleaching Powder on the amount of Protein
damage under different conditions
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(b) Protein Sulphydrls
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All experiments were repeated at least five times and data presented is average of
these replicates. Results are mean + SE of 20 drosophila used in each group. **
Statistically significant (p<0.001) compared to control group; *statistically

significant (p<0.05) compared to control group.

CONCLUSION

The present study indicates that bleaching powder induced
alterations in the Lipid and Proteins biomolecules of the
drosophila at acute concentration of bleaching powder. These
alterations can be considered as a tool for biomonitoring of toxic
substances in the environment. Further studies are needed to
understand the risk of bleaching powder using different end
points. This novel study will provide such effects can be risky as
they could damage the demographic structure of the population
in non-target species.

ACKNOWLEDGMENTS

The authors are thankful to the Management, Principal and
HOD (Zoology), Nowrosjee Wadia College, Pune for providing
necessary facilities.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

REFERENCES

Ajsuvakova, O.P., Tinkov, A.A., Aschner, M., Rocha, J.,
Michalke, B., Skalnaya, M.G., Skalny, A.V., Butnariu, M,
Dadar, Anna, G., Rafael, C., Magda, R., Ana, CB., &
Francesc, G. (2000) . Lipid hydroperoxide determination in
dark chicken meat through a ferrous oxidation—xylenol orange
method J. Agric. Food Chem. 2000, 48, 9, 4136-4143

Antonio, A., Mario, F.M., & Sandro, A. (2014). Lipid
Peroxidation: ~ Production, Metabolism, and Signaling
Mechanisms of Malondialdehyde and 4-Hydroxy-2-Nonenal .
Oxid Med Cell Longev. 2014: 360438.

Asante-Duah K. (2017) Determination of Chemical Toxicity.
In: Public Health Risk Assessment for Human Exposure to
Chemicals. Environmental Pollution, Springer, Dordrecht. vol
27 ; 231-287.

Institute of Science, BHU Varanasi, India

Journal of Scientific Research, Volume 65, Issue 6, 2021

Brandes N, Schmitt S, Jakob U, (2009). Thiol-based redox
switches in eukaryotic proteins. Antioxid. Redox Signal. 11;
997-1014.

Devasagayam, T. P. (1986). Lipid peroxidation in rat uterus.
Biochem Biophys Acta 87, 507-514.

Duygu K & Ayla K. (2012). The effect of aspirin and
acetaldehyde on egg fertility and development in Drosophila
melanogaster. Fresenius Environmental Bulletin 21(3A):685-
694.

Ellmann GL. (1959). Tissue sulfhydryl groups, Arch Biochem
Biophys, 82, 70-77.

Erkosar, B., Storelli, G., Defaye, A., & Leulier, F. (2013). Host-
intestinal microbiota mutualism: “learning on the fly”. Cell
Host Microbe, 13, 8-14.

Gireesh N., & Garima S. (2005). Effects of beta-cyfluthrin on
white and sepia mutants of Drosophila melanogaster. Journal
of Environmental Biology 26(2 Suppl):363-7.

Girotti, A.W. (1998). Lipid hydroperoxide generation, turnover,
and effector action in biological systems. J Lipid Res.
39(8):1529-42.

Inamdar, A.A., Muhammad, M.H., Alison, 1.B., Gary, W.M.,
Jason, R.R., & Joan W.B. (2013). Fungal-derived
semiochemical 1-octen-3-ol disrupts dopamine packaging and
causes neurodegeneration. Proc. Natl. Acad. Sci. USA 110,
19561-19566.

Khan, C., Muliyil, S., Ayyub, C., & Rao, B.J. (2017). The
initiator caspase Dronc plays a non-apoptotic role in promoting
DNA damage signalling in D. melanogaster. J. Cell Sci.
130(18): 2984--2995.

Kieu, N.D., Michels, E. & De Meester, L. (2001). Phototactic
behavior of Daphnia and the continuous monitoring of water
quality: interference of fish kairomones and food quality.
Environ. Toxicol. Chem. 20, 1098-1103.

Kim, S.I., Jung JW., Ahn, Y.J., Restifo, L.L., & Kwon, L.W.
(2011). Drosophila as a model system for studying lifespan and
neuroprotective activities of plant-derived compounds,”
Journal of Asia-Pacific Entomology, vol. 14, no. 4, pp. 509-
517.

Kota, V. R., Sanjay, S., Sharad, S. S. (2013). Lipid Peroxidation
Products in Human Health and Disease", Oxidative Medicine
and Cellular Longevity, 3 (2); 213-225.

M., Sarac, I., Aaseth, J., & Bjerklund, G. (2020). Sulfhydryl
groups as targets of mercury toxicity. Coordination chemistry
reviews, 417, 213343.

Mahnaz Sadat Sadeghi and Sadegh Peery. (2018). Evaluation of
toxicity and lethal concentration (LC50) of silver and selenium

Mathew, B.B., & Krishnamurthy N.B. (2018) . Assessment of
lead toxicity using Drosophila melanogaster as model. J Clinic
Toxicol. 8(2) : 380.

Mawdsley J.R. (2011). Taxonomy, identification, and phylogeny
of the African and Madagascan species of the tiger beetle
genus Chaetodera Jeannel 1946 (Coleoptera: Cicindelidae).

178


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ayala%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24999379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%26%23x000f1%3Boz%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=24999379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arg%26%23x000fc%3Belles%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24999379
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4066722/
https://pubmed.ncbi.nlm.nih.gov/?term=Girotti+AW&cauthor_id=9717713
http://dx.doi.org/10.1242/jcs.200782
http://dx.doi.org/10.1242/jcs.200782

Insecta Mundi 0191: 1-13 nanoparticle in different life stages
of the fish Tenualosa ilish (Hamilton 1822). Oceanography
and fisheries. 7: (5); 415-420.

Ng, C.T., Ong, C.N.,, Yu. L.E.,, Bay, B.H.,, & Baeg, G. H.
(2019). Toxicity Study of Zinc Oxide Nanoparticles in Cell
Culture and in Drosophila melanogaster. J Vis Exp. 19(151);
478-487.

Nordberg, G.F., Fowler, B.A., Nordberg, M. (2015). Toxicology
of metals: overview, definitions, concepts, and trends, in:
Handbook on the Toxicology of Metals, Elsevier, pp. 1-12.

Palamanda J.R and Kehrer JP. (1992). Inhibition of protein
carbonyl formation and lipid peroxidation
by glutathione in rat liver microsomes. Arch Biochem Biophy,
293, 103-1009.

Pappus, S.A., Monalisa, M., (2018). A Drosophila Model to
Decipher the Toxicity of Nanoparticles Taken Through Oral
Routes . Adv Exp Med Biol. 1048:311-322.

Patrycja, P., Mariusz, Z., & Agnieszka, G. (2020). Products of
Lipid Peroxidation as a Factor in the Toxic Effect of Silver
Nanoparticles. Materials, 13(11), 2460.

Phoebe D., Pascal B. &, Eric V. (2002). Disorders of Gonadal
Development. Semin Reprod Med , 20(3): 189-198.

Radia, B.B., Samira, K.M., Maroua, N.A. (2017). Azadirachtin
induced larval avoidance and antifeeding by disruption of food
intake and digestive enzymes in Drosophila melanogaster
(Diptera:  Drosophilidae). Pesticide Biochemistry and
Physiology. 143 ;135-140.

Ramana K.V., Sanjay S., & Sharad S.S. (2013). Lipid
Peroxidation Products in Human Health and Disease,
Oxidative Medicine and Cellular Longevity.

Rand, M. D. (2010). Drosophotoxicology: the growing potential
for Drosophila in neurotoxicology. Neurotoxicol. Teratol. 32,
74-83.

Soltani, A., MafiMoghaddam, S., Oladzad-Abbasabadi, A.,
Walter, K., Kearns, P. J., Vasquez-Guzman, J., Mamidi, S.,
Lee, R., Shade, A. L., Jacobs, J. L., Chilivers, M. 1., Lowry, D.
B., McClean, P., & Osorno, J. M. (2018). Genetic Analysis of
Flooding Tolerance in an Andean Diversity Panel of Dry Bean
(Phaseolus vulgaris L.). Frontiers in plant science, 9, 767.

Suhel, P., & Sheikh, R. (2005). Protein carbonyls: Novel
biomarkers of exposure to oxidative stress-inducing pesticides
in freshwater fish Channa punctata (Bloch). Environmental
Toxicology and Pharmacology 20(1):112-7

Swarup, S., Huang, W., Mackay, T. F. & Anholt, R. R. (2013).
Analysis of natural variation reveals neurogenetic networks for
Drosophila olfactory behavior. Proc. Natl. Acad. Sci. USA 110,
1017-1022.

Tyagi, V. K; Chopra, A. K; Durgapal, N. C; Kumar, A. (2007).
Evaluation of Daphnia magna as an indicator of Toxicity and
Treatment efficacy of Municipal Sewage Treatment Plant. J.
Appl. Sci. Environ. Mgt. 1 (1) 61 - 67.

Institute of Science, BHU Varanasi, India

Journal of Scientific Research, Volume 65, Issue 6, 2021

Vaishali, K., & Vinayak, W. P. (2017). Protein carbonyl content:
a novel biomarker for aging in HIV/AIDS patients. The
Brazilian Journal of Infectious Diseases. 21(1) ; 35-41

VoPham, T., Bertrand, K.A., Hart, J.E. (2017). Pesticide
exposure and liver cancer: a review. Cancer Causes Control
28, 177-190.

Yiwen, W., Mailys, M., Jing, Y., Nicole, G., Xiaoyu, Y.,
Bernard, M. (2021). Toxicity f Dithiothreitol (DTT) to
Drosophila melanogaster. Toxicology Reports. 8; 124-130

*kk

179


https://pubmed.ncbi.nlm.nih.gov/?term=Pappus+SA&cauthor_id=29453546
https://pubmed.ncbi.nlm.nih.gov/?term=Mishra+M&cauthor_id=29453546
https://sciprofiles.com/profile/998779
https://sciprofiles.com/profile/author/YnYzaUtBUXRzV0pvN0ZaR1Q5N1lEMW5zUW52REZUeWJSWVp3ZVorSlo4Z295ajRTTm43Z0c1MnV4SDk5cCtzVA==
https://sciprofiles.com/profile/author/aStMR1k2WjJvc05wNTBuN2Y1RDFNMlRyZWp2ekRyOGFtckVZWXNGZEgwcE1ZTjFHTkswRXowelc5TzAxaGVGZg==
https://www.sciencedirect.com/science/article/abs/pii/S0048357517303073?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0048357517303073?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0048357517303073?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0048357517303073?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00483575
https://www.sciencedirect.com/science/journal/00483575
https://www.sciencedirect.com/science/journal/00483575/143/supp/C
https://www.researchgate.net/profile/Suhel-Parvez?_sg%5B0%5D=3OWbU6gMDdM47wY1KqMd8wjMslebHV-wwzys7ZUr3hX9SkexL4xHM5uzOKlYhCxQGlYylys.Lh1xIEJG_MnHaFomHXgdzRc1NwXXxYOC-B8LH7cHREUbjPkmw1dfzJpqjuxmP5QEpR_2H015Z4njJ3yIKAMawg&_sg%5B1%5D=URgLQlzKUHLFGNXjGXOM44cHik7Vl-hzueNblW3qLJXYfy6hq1HR-erBqu5Fz0hDnTX5_0w.tVC5o7Qy7qsmwBWR9WQGInIp7tv4Ip1NThO9IEMYLA_diZ3HoFqj_Lr6-1FrbbfBv7yMkG84ynOE9Qrz2fPpJw
https://www.researchgate.net/profile/Sheikh-Raisuddin?_sg%5B0%5D=3OWbU6gMDdM47wY1KqMd8wjMslebHV-wwzys7ZUr3hX9SkexL4xHM5uzOKlYhCxQGlYylys.Lh1xIEJG_MnHaFomHXgdzRc1NwXXxYOC-B8LH7cHREUbjPkmw1dfzJpqjuxmP5QEpR_2H015Z4njJ3yIKAMawg&_sg%5B1%5D=URgLQlzKUHLFGNXjGXOM44cHik7Vl-hzueNblW3qLJXYfy6hq1HR-erBqu5Fz0hDnTX5_0w.tVC5o7Qy7qsmwBWR9WQGInIp7tv4Ip1NThO9IEMYLA_diZ3HoFqj_Lr6-1FrbbfBv7yMkG84ynOE9Qrz2fPpJw
https://www.sciencedirect.com/science/article/pii/S1413867016304329#!
https://www.sciencedirect.com/science/article/pii/S1413867016304329#!
https://www.sciencedirect.com/science/journal/14138670
https://www.sciencedirect.com/science/journal/14138670
https://www.sciencedirect.com/science/journal/14138670/21/1
https://www.sciencedirect.com/science/article/pii/S2214750020304595#!
https://www.sciencedirect.com/science/article/pii/S2214750020304595#!
https://www.sciencedirect.com/science/article/pii/S2214750020304595#!
https://www.sciencedirect.com/science/article/pii/S2214750020304595#!
https://www.sciencedirect.com/science/article/pii/S2214750020304595#!
https://www.sciencedirect.com/science/article/pii/S2214750020304595#!
https://www.sciencedirect.com/science/article/pii/S2214750020304595#!
https://www.sciencedirect.com/science/journal/22147500
https://www.sciencedirect.com/science/journal/22147500/8/supp/C

