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Chlorpyrifos (CPF) stands out as one of the most prevalent insecticides present in freshwater ecosystems, having
been identified in agricultural and fish products on a global scale. The impact of pesticides on aquatic organisms is
manifested through both direct and indirect pathways. While agricultural runoff serves as a direct entry point, the
consumption within the food chain represents an indirect route. This study aimed to evaluate histopathological
alterations in the kidney and liver of Schizothorax plagiostomus exposed to varying concentrations of chlorpyrifos. The
fish were categorized into four groups for the experiment, with Group | serving as the control. Groups I, Ill, and IV
were subjected to solutions of chlorpyrifos at concentrations of 4.0 mg/L, 4.5 mg/L, and 5.0 mg/L, respectively, during
a short-term experiment lasting 96 hours. Histopathological changes in the kidney and liver were monitored at intervals

of 24, 48, 72, and 96 hours following chlorpyrifos exposure.
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INTRODUCTION

Tilapias are the second most significant farmed fish
after carps; they are native to Africa and are produced in
over 100 nations (Merrifield, Bradley et al. 2010). Tilapia
adds 4.5 million metric tons to global food security each
year by offering a low-cost protein source (Senapin,
Shyam et al. 2018). The Nile tilapia, Oreochromisniloticus,
sometimes known as tilapia, is one of the world's most
significant aquaculture fish. (Garg 2015). The capacity to
eat on a wide variety of food items, tolerance to a wide
range of environmental conditions (pH, temperature,
nitrogenous wastes), quick development, and high
economic value make tilapia a good aquaculture option
(Abarike, Obodai et al. 2013, Wang and Lu 2016)

According to recent accounts, an enhanced cultivation
of O. niloticus over the years has resulted in a quadrupling
of its productivity (Wang and Lu 2016, Chen, Fan et al.
2018), and its output will rise more during the coming
decade. Many endemic and developing illnesses, such as

hepatopancreatic necrosis disease and tilapia lake virus,
are threatening the aquaculture sector's rapid expansion
(Bacharach, Mishra et al. 2016, Senapin, Shyam et al.
2018). The use of veterinary drugs, such as antibiotics
and vaccinations, has evolved as a conventional method
of increasing biosecurity on farms. However, a paradigm
change is required when dealing with aquaculture
biosecurity hazards, because the inappropriate use of
veterinary drugs has resulted in antimicrobial residues and
antibiotic resistance (Magnadottir 2010, Kumar, Roy et al.
2016, Kavitha, Raja et al. 2018).

The use of probiotics (live microorganisms included in
feed to affect the host positively) has been attributed to
the successful combat of diseases and improved
production in the aquaculture sector. Probiotics stimulate
growth, improve food digestibility, increase stress
tolerance, improve immune response, and increase
disease resistance (Ghazalah, Ali et al. 2010, Nayak
2010, Singh, Kallali et al. 2011, C De, Meena et al. 2014,
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Akhter, Wu et al. 2015, Van Hai 2015, Abarike, Cai et al.
2018, de Araujo, Barbas et al. 2018, Kuebutornye, Abarike
et al. 2019).

MATERIALS AND METHODS

For this experiment 48 fingerlings of Shizothorax
plagiostmus were procured from Nagohafish hatchery
Swat.Thefishweightandlengthrangesfrom25to70gand13tol
9cm, respectively.Thefishwas initially acclimatized under
laboratory conditions for one week in glass aquaria.
During acclimatization period, carbohydrate-based diet
was given to fish twice a day.

Preparation for stock solution of chlorpyrifos

A stock solution of chlorpyrifos was made by
dissolving 1 mg of chlorpyrifos in 100 mL of acetone.
Thefish were divided into four different groups and placed
in different glass aquariums. Twelve fish were introduced
in each aquarium filled with 35 litter of water. Group | was
maintain in  pesticide-free water to serve as
control.Groupll, lll and IV were exposed to different
concentration of chlorpyrifos stock solution, 4.0 mgL%, 4.5
mgL-tand5.0 mgL-respectively.Thefishwereexposedto
these concentration for96h(Bhatnagar, Cheema, & Yadav,
2017).

Chemicals

Chlorpyrifosis abroad

spectrum,chlorinatedorganophosphateinsecticides.Co
mmonName:Chlorpyrifos,Chemical Name: O,O-diethyl-O-
(3,5,6-trichlor-2-pyridyl)-phosphorothioate, Empirical
Formula: C9H11CI3NO3PS

Acutetoxicity evaluation

Clean water was added to glass aquarium up to 70%
of their water holding capacity and fish was introduced to
gradually increasing test concentrations of chlorpyrifos
with three replications of each doses. During the whole
acute toxicity trial duration(96hrs).Test aquaria was
examined at periodic intervals 0f24,48, 72and96hours.

Histopathologicalevaluation

Fish were collected at different time intervals 24, 48,
72 and 96 hours and dissected to collect organs
i.e.kidneyandliver.Histopathologicalexaminationofkidneyan
dliverwasdonebypreservingitin70%formalin.Thesetissuesw
eredehydratedbypassingthroughvariousalcoholicgrades,w
ashedwithclearingsolutionandembeddedin  paraffin  wax
(molten). Fine sectioning of embedded tissue (by using a
microtome), hemotoxylin and eosin stain were used and
observe under microscope for histopathological
findings(Kozawa, Hino, Minamino, Kangawa, & Matsuo,
1991). The histopathological observations wereclassified
into 4 categories ranging from no changes (-), mild

changes (+, < 10%), moderate changes (++, 10-50%)and
severe changes (+++, >50%).

RESULTS

The experiment was conducted for a short duration of
96 hours to find out theacute exposure ofchlorpyrifos
(CPF)onhistopathologyofkidneyand liverofShizothorax
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Figure 1: Histopathology of S
kidney group I(control)
Kidney structure of control group showing normal: renal
tubules(RT),glomerulus(G),bowmancapsule(BC),hematop
oietic tissues (HPT).
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Figure2: Histopathology of Shizothorax plagiostomus
kidney after exposure to chlorpyrifos 4.0 mg/L
(Groupll)

After 24 hrs (A): exposure showing hydropic swelling
of tubules (HST). After 48 hrs(B): necrosis (N). After 72
hrs(C): glomerular shrinkage (GS), damaged blood vessel
(DBV). After 96 hrs (D): necrosis (N), increased tubular
lumen (TL),damaged blood vessel (DBV).
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After 24 hrs (A): exposure showing hydropic swelling of
tubules (HST). After 48 hrs(B): necrosis (N). After 72
hrs(C): glomerular shrinkage (GS), damaged blood
vessel(DBV). After 96 hrs (D): necrosis (N), increased
tubular lumen(TL), damaged blood vessel(DBV).

Figure3:Histopathology of Shizothorax plagiostomus
kidney after exposure to chlorpyrifos4.5mg/L(Grouplll)
After 24 hrs (A): exposure showing hydropic swelling
of tubules (HST). After 48 hrs (B): increased tubular
lumen(TL),pycnotic nuclei (PN). After 72 hrs(C):
degeneration of tubular epithelium (D), glomerular
shrinkage (GS),damaged blood vessel (DBV). After 96 hrs
(D): necrotic proximal tubules (NPT), necrosis (N),
vacuolized(V),damagedblood vessel(DBV).

Figure 4: H|stopathology0f Sh|zoth0rax plaglostomus
kidney after exposure to chlorpyrifos 5.0mg/L( Group
V)

(A) 24 hrs: degeneration of renel tubules (DRT),

tubuler lumen (NL). (B) 48 hrs: degeneration of blood
vessels(DBV),necroris(N),pyknoticnuclei(PC).(C)72hrs:de
generationofbloodvessels(DBV),necroris(N).(D)96hrs:
renel tubules damges (RTD), necrotic (N) and severe
tubules damges(STD)

Flgure 5: Hlstopathology of Shlzothorax plaglos to
musliver group I(control)

Norma hepatic cells (HC), blood vessels
(BV) nomflammatlon and hydroplcde generatlon .

Figure 6: Histopathology of Shizothorax
plagiostomusliver aftere xposuretochlorpyrifos4.0mg
/L(Groupll)

(A):swellinginhepatocytes(SH)after24hrs.(B):brokence
lImembrane(BCM),irregularstructureofhepatocytes(IH)after
48hrs.(C):showingaccumulationofvacuoles(V),rupturedcen
tralveins(RCV)after72hrs.(D):showingabnormal
hepatocytes(H), ruptured central veins.
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Figure 7:Histopathology of Shizothorax
plagiostomusliver after exposure to chlorpyrifos
4.5mg/L (Grouplll)

The liver shows the nuclear hypertrophy (NH) after 24 h
(A). Cytoplasmic vocuolation(CV), nuclear degeration
(ND)after48h(B).Vaculationinhypatocytes(V),congestedblo
odvessels(CBV)after72h(C).Necrosis(N),inflammation(l),e
dema (E)after96h.
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Figure 8:Histopathology of Shizothorax
plagiostomusliver after exposure to chlorpyrifos
5.0mg/L (GrouplV)

(A): swelling in hepatocytes (SH) after 24 h. (B): fat
vacuoles (FV), hepatocytesnecrosis (HN) after 48 h.
(C):accumulationofvacuoles(AV),sinusoidbloodcongestion(
SB)after72h.(D):abnormalhepatocytes(AH),dilationofsinus

oid (DS),rupturedcentralveins(RCV)after 96h.

DISCUSSION

Effect of chlorpyrifoson Shizothorax plagiostomus
The principal haematological and osmoregulatory organs
in fish are the kidneys. Because the majority of post-
branchial blood flows to fish kidneys, alteredfish histology
is a good indicator of environmental pollution. In the
present study kidney tissues show no clear changes in
control group showing normal renal tubules,glomerulus,
bowman capsule, hematopoietic tissues. The kidney offish
exposed to 4.0 mg/L chlorpyrifos stock solution, showing
hydropic swelling of tubules ,shrink age of glomerulus and
damaged blood vessels were observed. The kidney of fish
exposed to 4.5 mg/L chlorpyrifos stock solution, showing
hydropic swelling of tubules. The kidney of fish exposed to
5.0 mg/L chlorpyrifos stock solution, the histopathological
changes in the kidney of fish such as degeneration of
renel tubule and tubuler lumen were observed.
Degeneration of blood vessels was also seen with
necroris.

Many researchers have observed histological changes
inthe kidney at the glomerulus and tubular epithelium level
in fish following exposure to harmful substances like
insecticides. In Labeo rohita treated tohexachloro-
cyclohexane, dilationof proximal tubule and inflammatory
alterations characterised by karyorrhexix and karyolysis.
After exposure to fenvalerate, Ctenopharyngodon idella
kidney tissues showed necrosis, cloudyedoemaintherenal
tubules, glomerular shrinkage and vacuolization (Pal,
Kokushi, Koyama, Uno, & Ghosh, 2012).

The liver is the principal organ for metabolism, xenobiotic
detoxification, and hazardous chemical excretion. It has
the potential to digest harmful chemicals, but high
concentrations of these compounds can exceed its
regulatory mechanisms, which can lead to structural
damage(Paulino, Sakuragui, & Fernandes, 2012).

In the present study, liver tissue of control group fish
revealed normal hepatic and sinusoids architecture. The
histological = examination  of  chlorpyrifos treated
Shizothorax plagiostomusgroups were showed that at 4.0
mg/L liver tissues showing abnormal hepatocytes, dilation
of sinusoid as compared to control group, and 4.5
mg/Lliver shows the nuclear hypertrophy, cytoplasmic
vacuolation and nuclear degeration and 5.0mg/L the
histopathological changes observed in the liver tissues
were swelling in hepatocytes. broken cell
membrane,irregular structure of hepatocytes and necrosis.
Hepatocyte degeneration and accumulation of vacuoles,
hepatocytes necrosis were seen in Nile tilapia treated to
delta methrin. In O. niloticus, histopathological alterations
were observed in hepatocytes where diazinon-exposed
liver revealed bleeding or hemorrhage, fatty deterioration,
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and hepatocytes. Fish behavior changes are important
indicators of pesticide exposure which cause possible
harmful effects. In the present study, numerous abnormal
behaviors such as loss of balance, motionlessness, erratic
swimming and changes in the skin colouration were
exposed to chlorpyrifos. They stated that due to the
toxicity of diazinon, the fish equillibrium became paralyses
in all cases, and eventually settled down to the bottom of
the aquarium, wherethey remained until death( Ayoola et
al. 2008)

CONCLUSION

Chlorpyrifos is a commonly used organophasphate
insecticides that cause toxicological effects in aquatic
organism especially in fish. In the present study,it was
concluded that exposure of chlorpyrifos caused
histopathological changes in Shizothorax plagiostomus
after 96 hours of trial. After exposure,histopathological
study of organ (kidney,liver) ofShizothorax plagiostomus
showed prominent variations in these organs as compared
to control group.

CONFLICT OF INTEREST
The authors declared that present study was performed in
absence of any conflict of interest.

ACKNOWLEGEMENT
Current research work was facilitated by Nagoha Fish
Hatchery and Research Center Swat Khyber
Pakhtunkhwa Pakistan.

AUTHOR CONTRIBUTIONS

AK presents the idea, OZ has supervised and wrote the
manuscript, SR, NS and NK did the experiment. BU and
EA reviewed and reform the manuscript. All authors read
and approved the final version.

Copyrights: © 2024 @ author (s).

This is an open access article distributed under the terms of
the Creative Commons Attribution License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in
any medium, provided the original author(s) and source are
credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not
comply with these terms.

REFERENCES

Adel, M., Dadar, M., Khajavi, S. H., Pourgholam, R.,
Karimi, B., & Velisek, J. (2017). Hematological,
biochemical and histopathological changes in Caspian
brown trout (Salmo trutta caspius Kessler, 1877)
following exposure to sublethal concentrations of

chlorpyrifos. Toxin Reviews, 36(1), 73-79.

Ayoola, G., Coker, H., Adesegun, S., Adepoju-Bello, A.,
Obaweya, K., Ezennia, E. C., & Atangbayila, T.
(2008). Phytochemical screening and antioxidant
activities of some selected medicinal plants used for
malaria therapy in Southwestern Nigeria. Tropical
journal of pharmaceutical research, 7(3), 1019-1024.

Bhatnagar, A., Cheema, N., & Yadav, A. S. (2017).
Alterations in haematological and biochemical profile
of freshwater fish, cirrhinus mrigala (Hamilton)
exposed to sub-lethal concentrations of chlorpyrifos.
Nature Environment and Pollution Technology, 16(4),
1189-1194.

Dar, S. A., Yousuf, A. R., & Balkhi, M. (2016). An
introduction about genotoxicology methods as tools
for monitoring aquatic ecosystem: present status and
future perspectives. Fish Aquac J, 7(1), 1-11.

Dawood, M. A, Abdo, S. E., Gewalily, M. S., Moustafa, E.
M., SaadAllah, M. S., AbdEl-Kader, M. F., . . .
Alwakeel, R. A. (2020). The influence of dietary B-
glucan on immune, transcriptomic, inflammatory and
histopathology disorders caused by deltamethrin
toxicity in Nile tilapia (Oreochromis niloticus). Fish &
shellfish immunology, 98, 301-311.

Devi, Y., & Mishra, A. (2013). Histopathological Alterations
in Gill and Liver Anotomy of Fresh Water, Air
Breathing Fish Channa Punctatus after Pesticide
Hilban®(Chlorpyrifos)  Treatment.  Advances in
Bioresearch, 4(2).

Faggio, C., Tsarpali, V., & Dailianis, S. (2018). Mussel
digestive gland as a model tissue for assessing
xenobiotics: an overview. Science of the Total
Environment, 636, 220-229.

Kozawa, H., Hino, J., Minamino, N., Kangawa, K., &
Matsuo, H. (1991). Isolation of four novel tachykinins
from frog (Rana catesbeiana) brain and intestine.
Biochemical and biophysical research
communications, 177(1), 588-595.

Lechenet, M., Dessaint, F., Py, G., Makowski, D., &
Munier-Jolain, N. (2017). Reducing pesticide use
while preserving crop productivity and profitability on
arable farms. Nature plants, 3(3), 1-6.

Manjunatha, B., Reddy, G. V. S., Tirado, J. O., Salas, P.
F., & Ortiz, D. R. (2015). Determination of residues of
deltamethrin in water and liver tissue of Zebrafish
(Danio rerio) by HPLC. Der Pharma Chem, 7, 149.

Pal, S., Kokushi, E., Koyama, J., Uno, S., & Ghosh, A. R.
(2012). Histopathological alterations in gill, liver and
kidney of common carp exposed to chlorpyrifos.
Journal of Environmental Science and Health, Part B,
47(3), 180-195.

Paruruckumani, P., Maharajan, A., Ganapiriya, V.,
Narayanaswamy, Y., & Jeyasekar, R. R. (2015).
Surface ultrastructural changes in the gill and liver

Animal Science Journal, 2024 volume 15(1):01-06 6


https://creativecommons.org/licenses/by/4.0/

Khan et al.

Renal and hepatic alterations in schizothorax plagiostomus

tissue of asian sea bass Lates calcarifer (Bloch)
exposed to copper. Biological trace element research,
168, 500-507.

Paulino, M., Sakuragui, M., & Fernandes, M. (2012).
Effects of atrazine on the gill cells and ionic balance in
a neotropical fish, Prochilodus lineatus.
Chemosphere, 86(1), 1-7.

Petrovici, A., Strungaru, S.-A., Nicoara, M., Robea, M. A,
Solcan, C., & Faggio, C. (2020). Toxicity of
deltamethrin to zebrafish gonads revealed by cellular
biomarkers. Journal of marine science and
engineering, 8(2), 73.

Tamizhazhagan, V., Pugazhendy, K., Sakthidasan, V., &
Jayanthi, C. (2017). Preliminary screening of
phytochemical evaluation selected plant of Pisonia
alba. 1J Biol. Research, 2(4), 63-66.

uddin, M. H., Shahjahan, M., Amin, A. R., Haque, M. M.,
Islam, M. A., & Azim, M. E. (2016). Impacts of
organophosphate pesticide, sumithion on water
quality and benthic invertebrates in aquaculture
ponds. Aquaculture Reports, 3, 88-92.

Van Dyk, J. S., & Pletschke, B. (2011). Review on the use
of enzymes for the detection of organochlorine,
organophosphate and carbamate pesticides in the
environment. Chemosphere, 82(3), 291-307.

Velki, M., & Hackenberger, B. K. (2013). Inhibition and
recovery of molecular biomarkers of earthworm
Eisenia andrei after exposure to organophosphate
dimethoate. Soil Biology and Biochemistry, 57, 100-
108.

Animal Science Journal, 2024 volume 15(1):01-06 6



