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Research Note: Histopathological Changes Gill of Common Carp in The
Confront of the Chlorpyrifos and Salinity

Mona Hasankhany'*, Tina Hasankhani?, Seyed Ali Akbar Hedayati!, and Mohammad
Mazandarani'
ABSTRACT

In this study, the effect of poison to salinity were exposed on gill tissue of common carp (C.
carpio). Based on this, 250 common carp fry with an average weight of 21+2g were distributed
in four treatments each with three repetitions including: salinity zero, 4 ppt, 8 ppt and 12 ppt,
were distributed for a period of 7 d. then one group was placed for 4 d in exposure to pesticide
with an acute concentration of 150 ppm chlorpyrifos with formulation of 40.8% EC and the
second group was placed for 7 d in the with sub-acute concentration of 15 ppm chlorpyrifos.
Histopathology of Gill tissue showed that the poison and salinity have such injuries as epithelial
hypertrophy, lamellar aneurism, secondary connecting adjacent blades, distal hyperplasia,
epithelial lifting, leukocyte infilt and hyperplasia. Gill histopathological result showed that at
high concentrations, Epithelial hypertrophy, Distal hyperplasia and Lamellar fusion, versus
harm in low concentrations to form Lamellar aneurism, Epithelial lifting and the Leukocyte
infilt. Therefore, these pathological indicators can be used as biomarkers.

Keywords: Chlorpyrifos poison, Common carp, Histopathological indicators, Salinity,
Toxicology.

INTRODUCTION

Chlorpyrifos, Dursban, Imidacloprid and Confidor, Insecticides that are widely used in Iran
(Shafiei et al., 2023). Chlorpyrifos belongs to a group of organophosphorus pesticides, which
exhibit a wide spectrum of biological activity (Perry et al., 2020). The application of
Chlorpyrifos for agricultural purposes results in its dispersion into various environmental
components such as air, soil, rivers and lakes, disrupting ecosystem functioning (Mackay et al.,
2014). When pesticides enter water bodies, they can exert direct toxic effects on fish, resulting
in impaired reproduction, loss of balance, impaired growth, disruptions of physiological,
convulsions and mortality (Esbaugh er al., 2018). Gills are in contact with the external
environment, they are directly affected by many stress factors and toxic substances in aquatic

areas (Bury et al., 2014). Increasing evidence indicates that fish gills are excellent biomarkers
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for analyzing the impact of contaminants in aquatic ecosystems due to their high permeability
and large area of water exposure. Gill surfaces make up 50% of the total surface in fish. When
gills are affected by pollutants in water, normal physiological activities such as respiration,
excretion, and ion transport are inevitably affected, impacting fish survival and even causing
death. Additionally, pesticides can bioaccumulate within the tissues of fish. As they move up
the food chain, predatory fish such as larger species can accumulate significant levels of these
chemicals, posing a threat to both their own health and that of species. Higher in the chain,

including humans who consume contaminated fish (Rohani, 2023).
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Fig. 1. Biochemical structure of chlorpyrifos (Cocker et al., 2002).
Common carp (C. carpio), is commercially an important species and cultured throughout the
world, belongs to Cyprinidae family and dispreaded in all watersheds. C. carpio are important
components of freshwater ecosystems and represent one of the major sources of nutrients for
people in Asia, especially China. C. carpio is relatively insensitive and can survive and
accumulate contaminants at heavily polluted sites, which is why it is used as a bioindicator in
environmental toxicology (Sanoesi ef al, 2020). Therefore, our aim was to detect the
remarkable histopathological alterations in gills of C. carpio exposed to Chlorpyrifos and

Salinity.

MATERIALS AND METHODS

Materials

This research was conducted in Shahid Fazli Aquaculture Hall, Faculty of Fisheries, Gorgan
University of Agricultural Sciences and Natural Resources. 250 Common carps ranging 21+2
grams in weight were transferred from the rearing place of the private center to Veniro. common
carp were divided into four treatments. It involved conducting three phases of trials with each
phase consisting of 84 fish in three replicates: It is important to note that the fish did not receive

any poison through-out the first phase. The only variable factor is different concentrations of
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salinity 0, 4, 8 and 12ppt and were placed for 7 days. For the second phase of the experiment;
salinity (zero) (treatments 1), salinity (4 ppt) (treatments 2), salinity (8 ppt) (treatments 3),
salinity (12 ppt) (treatments 4), were placed for 7 days in the with sub-acute concentration of
15 ppm chlorpyrifos. For the next phase of the experiment; salinity 0, 4, 8 and 12ppt, were
placed for 4 days in the with acute concentration of 150 ppm chlorpyrifos. The carp fish were
subjected to a one-week period of acclimatization prior to the commencement of the
experiment. Fish were fed with commercial pellets twice daily at 3% body weight (Hasankhani
et al. 2023). Feeding was discontinued 24 h prior to the test and the water was changed every
24 h from the prepared stocks. Physicochemical conditions were monitored daily. The water

temperature is 21£1°C and pH was kept at 7.6+1. No mortality was observed during this period.

Salty sea water

The sea water salinity from the shores of Port Turkmen was checked with a salinometer (Atago
Refractometer, Japan) (Ataimehr ef al., 2009) to match the salinity intended for the experiment
(Moustakas et al., 2004). Then juvenile fish were transferred to tanks individually and were
exposed to 15 and 150 ppm of chlorpyrifos at varying salt concentration of 0, 4, 8 and 12 ppt.
Effective physicochemical parameters of water including pH, dissolved oxygen, and

temperature were recorded daily (Huyben et al., 2018).

Determination of acute and Sub-acute LCS0 toxicity concentrations
In this study, the statically acute (150 ppm) and Sub-acute (15 ppm) toxicity (Hasankhany et
al., 2020) of chlorpyrifos on C. carpio was determined according to standard methods

O.E.C.D(OECD 1992) in 4 and 7 days (Hedayati et al., 2013; Gao et al., 2020).

Histopathological examination

Histology and Tissue samples: The second gill arches from opercula cavities were harvested.
Gills from each fish were fixed in 10% neutral buffered formalin. The tissues were then
dehydrated in graded series of ethanol, embedded in paraffin and sectioned at 5 pm and were
stained with (H&E) stains (Hedayati et al., 2013). The slides were observed under a light
microscope at 40X magnification and were then photographed with Nikon, TS100 digital

camera attached to the microscope.

STATISTICAL ANALYSIS
The test results were calculated in Excel and LC50 with PROBIT software. The calculated
LC50 was found to be 150 ppm for 96 h. And the following method was used to describe the
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severity of the pathological change, for example, (no observed) (-) no alteration, (+) mild
alteration, (++) moderate alteration and, (+++) severe alteration. That these symptoms indicate

the severity of complications (Riba et al., 2005; Roy et al., 2013).

RESULTS AND DISCUSSION

Fish behavior

Fish applied with 150 ppm chlorpyrifos did not show any interest in food starting from day 1.
Moreover, aggression and remaining motionless on the bottom were also observed. The
progressive darkening in the body coloration with slight mucus secretion was recorded as a
clinical sign of toxicity (Mazandarani et al., 2015). The calculated LC50 was found to be 150
ppm for 96 h. Mortality was observed during this period. A decline in rate of swimming after
4 days was studied in C. carpio, when exposed to chlorpyrifos, as the concentration increases
from 0.1 to 2.2 mg/L (Xing et al., 2015) and the 96 h LC (50) of chromium salt, potassium
dichromate was determined to be 41.75 mg/L (Mishra and Mohanty, 2008). The chlorpyrifos
(5 ppm) exposed group shows loss of balance, swimming pattern, food search behavior and
convulsions were noticed on the 10-d group (Stalin et al., 2019). On exposure to chlorpyrifos,

the Japanese medaka shows abnormality swimming (Khalil et al., 2013).

Histopathological findings

Histopathologic studies showed a series of changes in gill tissue, including primary lamellar
edema, hyperplasia, severe secondary lamellar fusion, and clubbing (Schlenk and Benson,
2001) (Figure 2). Moreover, the imposed stress was responded in a tissue-specific manner and

histological lesions become more severe with increasing concentration (Dogan et al., 2022).
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Figure 2. Light microscope image gill of common carp in the exposure of the salinity and
chlorpyrifos. [Nikon Eclipse TS100 (40X)].; (a): Up and down (arrow), Epithelial hypertrophy,
(b): Up and down (arrow), Epithelial lifting, (c): Left to right (arrow), Distal hyperplasia, (d):
Left to right (arrow), Lamellar aneurism, (e): Up and down (arrow), Lamellar fusion.
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Figure (2) illustrates an increase in the lamellar fusion originating from the mucus cells located
at the base of the lamellae, leading to the merging between secondary lamellae (Kakade et al.,
2020). Another damage that occurs is hyperplasia. The interlamellar space which is the
aqueduct and the mucus or mucus production space can be blocked due to hyperplasia of
epithelial cells originating from the primary filaments. Gill is usually the first target tissue for
waterborne contaminants and prolonged exposure results in the absorption of these pollutants
through the gills, producing visible damage effects in this tissue.

Through increasing the duration of exposure and an increasing dose of poisoning agent,
epithelium thoroughly separates and necrosis of gill tissues is performed. The pronounced
degenerative changes observed in gill indicate the vulnerability of tissue possibly due to its role
as first contact and entry point for the pesticide. Consequently, chlorpyrifos exerted its toxic

effects by altering normal behavior, causing neurotoxicity and disturbing osmoregulation.

Complications from gill histological studies

Histopathological results indicated that gill was the primary target tissue affected by
chlorpyrifos and salinity. No histopathological changes were observed in the gill of the control
fish. Epithelial hypertrophy, Epithelial lifting, Lamellar fusion and Distal hyperplasia were
observed in the 4 ppt,8 ppt salinity and chlorpyrifos groups. Exposure to 8 ppt, 12 ppt and 15
ppm salinity and chlorpyrifos resulted in Lamellar fusion, Distal hyperplasia, Epithelial
hypertrophy, Lamellar aneurism and Epithelial lifting (Table 1). And Epithelial hypertrophy,
Lamellar aneurism, Epithelial lifting, Lamellar fusion, Leukocyte infilt and Distal hyperplasia
were observed in the 12 ppt,150 ppm salinity and chlorpyrifos groups. Exposure to 8 ppt,150
ppm salinity and chlorpyrifos resulted in Lamellar fusion, Distal hyperplasia, Epithelial
hypertrophy, Lamellar aneurism and Epithelial lifting. and Lamellar fusion, Distal hyperplasia,
Lamellar aneurism and Epithelial hypertrophy were observed in the 4 ppt,150 ppm salinity and
chlorpyrifos groups (Table 1). The most common gill changes at all doses of chlorpyrifos and
salinity were Lamellar fusion, Distal hyperplasia and Epithelial hypertrophy.
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Table 1. Common complications of carp gill tissue exposure to salinity and chlorpyrifos

poison.

Treatments (T) 0 ppt 4 ppt 8 ppt 12 ppt

0 ppm 15 ppm 150 ppm

T1 T2 T3 T4 |TI T2 T3 T4 Tl T2 T3 T4
Lamellar fusion e HEH HE®H H®H O D) E
Distal hyperplasia OB HEH OGO ) D) B D
Lamellar aneurism ONO OO 660 H H 6 6H 6 69
Epithelial hypertrophy e HEH O HEH ED O D) E
Leukocyte infilt () ) DG 660 6 6 60060 6 O

Epithelial lifting () (=) HE 6 H B 606 D
No complications (-), 1 to 3 complications observed (+), 3 to 5 complications observed (++), 5 to 11 complications
observed (+++). (Riba ef al., 2005; Roy et al., 2013).

Histopathological alterations in gill, of common carp, C. carpio, intoxicated with Sub-lethal
concentrations of chlorpyrifos. Gill exhibited lamellar aneurism, rupture of the lamellar
epithelium (Pal et al., 2012), necrosis, epithelial lifting, epithelial hypertrophy, lamellar fusion,
(Stalin et al., 2019), hyperplasia (Samanta et al., 2015) and excessive secretion of mucus.
Alteration in pattern histopathology of gill, was studied in Channa punctatus, after acute
exposure to hexavalent chromium (Mishra AK and Mohanty, 2008). (Katuli et al., 2014)
reported that the impact of diazinon and sodium dodecyl sulfate leads to severe necrosis
lamellar in gill tissues of Rutilus rutilus and Scophthalmus maximus. Similarly, diazinon
exposure in gills of Scatophagus argus exhibited, epithelial lifting, hyperplasia and lamellar
fusion (Ghasemzadeh et al., 2015). These changes lead to reduced oxygen consumption in the

fish and ultimately, their death.

CONCLUSIONS

In the present study gill histological changes have been related to poison and salinity
concentrations. It can be concluded that gill alterations as a result of Salinity and Chlorpyrifos
exposition of fish may serve as a sensitive biomarker for the toxicity of sublethal concentrations
of Chlorpyrifos as well as other pollutants. Exposure to low concentrations altered biological

parameters in fish, but long-term exposure to high concentrations caused death.

ETHICAL APPROVAL
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Gorgan University of Agricultural Sciences and Natural Resources (ethical approval code:

9721313104).


https://jast.modares.ac.ir/article-23-74717-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-30 ]

182
183
184

185
186

187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

Journal of Agricultural Science and Technology (JAST), 28(2)
In Press, Pre-Proof Version

ACKNOWLEDGEMENTS

The authors thank Gorgan University of Natural Resources and Agricultural Sciences for

supporting this work.

REFRENCES

1.

10.

11.

12.

Ataimehr, B., MajaziAmiri, B., Mirvaghefi, A., Nezami, SH. and Riazi, GH. (2009).
The effect of different salinities on solute concentration, osmotic pressure, body tissue
water, gill chloride cells and percent mortality of whitefish (Rutilus frisii kutum
Kamensky 1901). Scientific Journal of Iranian Fisheries, 19(2): 115-130.
https://doi.org/10.22092/ISFJ.2017.109947

Bury, NR., Schnell, S. and Hogstrand, C. (2014) Gill cell culture systems as models for
aquatic environmental monitoring. J Exp Biol(5): 639-650. https://doi.org/
10.1242/1eb.095430

Esbaugh, A. J., Khursigara, A. and Johansen, J. (2018) Toxicity in aquatic
environments: the cocktail effect. Environmental Science and Pollution Research pp:
203-234. Springer. https://doi.org/10.1007/978-3-319-75935-7 9

Cocker J., Mason H.J, GarfittSJ, Jones k. (2002), Biological monitoring of exposure
to organophosphate pesticides. Toxicology letters, 134 (1-3): 97-103.
https://doi.org/10.1016/s0378-4274(02)00168-6

Dogan, D., Nur, G., and Ahmet Deveci, H. (2022) Tissue-specific toxicity of
clothianidin on rainbow trout (Oncorhynchus mykiss). Drug Chem Toxicol. 45(4):1851-
1861. https://doi.org/10.1080/01480545.2021.1892128

Ghasemzadeh, J., Sinaei, M. and Bolouki, M. (2015) Biochemical and histological
changes in fish, spotted scat (Scatophagus argus) exposed to diazinon. Bull Environ
Contam Toxicol, 94(2):164-170.

Gao, X.Q., Fei, F. & Huo, H.H. (2020). Effect of acute exposure to nitrite on
physiological parameters, oxidative stress, & apoptosis in Takifugu rubripes.
Ecotoxicology Environmental Safety,188, 109878.
https://doi.org/10.1016/j.ecoenv.2019.109878

Hasankhani, T., Nikaein, D., Khosravi, A., Rahmati-holasoo, H., and Hasankhany, M.
(2023). The Effect of Echinacea Purpurea L. (Eastern Purple Coneflower) Essential Oil
on Hematological Parameters and Gut Microbial Population of Zebrafish (Danio Rerio)
With  Aflatoxicosis.lranian  Journal of Veterinary Medicine,17(2):173-182.
http://dx.doi.org/10.32598/ijvm.17.2.1005271

Hasankhany, M., Hedayati, A., Mazandarani, M., Bagheri, T. and Jafar, A. (2020)
nteraction between different levels of salinity and exposure to chlorpyrifos on some
serum & mucus biochemical indices of common carp (Cyprinus carpio) Iranian
Scientific Fisheries Journal. 29 (3) :37-44. https://doi.org/10.22092/ISFJ.2020.121671
Hedayati, A., Jahan Bakhshi, A. Qadri, (2013). Toxicology and aquatics. Publications
of Gorgan University of Agricultural Sciences and Natural Resources. 210 p.

Huyben, D., Bevan, D., Stevenson, R., Zhou, H. and Moccia, R. (2018) Evaluation of
membrane filtration and UV irradiation to control bacterial loads in recirculation
aquaculture  systems.  Aquaculture  International, 26  (6):  1531-1540.
https://doi.org/10.1007/s10499-018-0301-z

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



https://doi.org/10.22092/ISFJ.2017.109947
https://doi.org/10.1007/978-3-319-75935-7_9
https://doi.org/10.1016/s0378-4274\(02\)00168-6
file:///C:/Users/Jast/Downloads/Dogan,%20D.,%20Nur,%20G.,%20and%20Ahmet%20Deveci,%20H.%20\(2022\)%20Tissue-specific%20toxicity%20of%20clothianidin%20%20%20%20on%20rainbow%20trout%20\(Oncorhynchus%20mykiss\).%20Drug%20Chem%20Toxicol.%2045\(4\):1851-1861.%20https:/doi.org/10.1080/01480545.2021.1892128.Ghasemzadeh,%20J.,%20Sinaei,%20M.%20and%20Bolouki,%20M.%20\(2015\)%20Biochemical%20and%20histological%20changes%20in%20fish,%20spotted%20scat%20\(Scatophagus%20argus\)%20exposed%20to%20diazinon.%20Bull%20Environ%20Contam%20Toxicol,%2094\(2\):164-170.
file:///C:/Users/Jast/Downloads/Dogan,%20D.,%20Nur,%20G.,%20and%20Ahmet%20Deveci,%20H.%20\(2022\)%20Tissue-specific%20toxicity%20of%20clothianidin%20%20%20%20on%20rainbow%20trout%20\(Oncorhynchus%20mykiss\).%20Drug%20Chem%20Toxicol.%2045\(4\):1851-1861.%20https:/doi.org/10.1080/01480545.2021.1892128.Ghasemzadeh,%20J.,%20Sinaei,%20M.%20and%20Bolouki,%20M.%20\(2015\)%20Biochemical%20and%20histological%20changes%20in%20fish,%20spotted%20scat%20\(Scatophagus%20argus\)%20exposed%20to%20diazinon.%20Bull%20Environ%20Contam%20Toxicol,%2094\(2\):164-170.
file:///C:/Users/Jast/Downloads/Dogan,%20D.,%20Nur,%20G.,%20and%20Ahmet%20Deveci,%20H.%20\(2022\)%20Tissue-specific%20toxicity%20of%20clothianidin%20%20%20%20on%20rainbow%20trout%20\(Oncorhynchus%20mykiss\).%20Drug%20Chem%20Toxicol.%2045\(4\):1851-1861.%20https:/doi.org/10.1080/01480545.2021.1892128.Ghasemzadeh,%20J.,%20Sinaei,%20M.%20and%20Bolouki,%20M.%20\(2015\)%20Biochemical%20and%20histological%20changes%20in%20fish,%20spotted%20scat%20\(Scatophagus%20argus\)%20exposed%20to%20diazinon.%20Bull%20Environ%20Contam%20Toxicol,%2094\(2\):164-170.
file:///C:/Users/Jast/Downloads/Dogan,%20D.,%20Nur,%20G.,%20and%20Ahmet%20Deveci,%20H.%20\(2022\)%20Tissue-specific%20toxicity%20of%20clothianidin%20%20%20%20on%20rainbow%20trout%20\(Oncorhynchus%20mykiss\).%20Drug%20Chem%20Toxicol.%2045\(4\):1851-1861.%20https:/doi.org/10.1080/01480545.2021.1892128.Ghasemzadeh,%20J.,%20Sinaei,%20M.%20and%20Bolouki,%20M.%20\(2015\)%20Biochemical%20and%20histological%20changes%20in%20fish,%20spotted%20scat%20\(Scatophagus%20argus\)%20exposed%20to%20diazinon.%20Bull%20Environ%20Contam%20Toxicol,%2094\(2\):164-170.
file:///C:/Users/Jast/Downloads/Dogan,%20D.,%20Nur,%20G.,%20and%20Ahmet%20Deveci,%20H.%20\(2022\)%20Tissue-specific%20toxicity%20of%20clothianidin%20%20%20%20on%20rainbow%20trout%20\(Oncorhynchus%20mykiss\).%20Drug%20Chem%20Toxicol.%2045\(4\):1851-1861.%20https:/doi.org/10.1080/01480545.2021.1892128.Ghasemzadeh,%20J.,%20Sinaei,%20M.%20and%20Bolouki,%20M.%20\(2015\)%20Biochemical%20and%20histological%20changes%20in%20fish,%20spotted%20scat%20\(Scatophagus%20argus\)%20exposed%20to%20diazinon.%20Bull%20Environ%20Contam%20Toxicol,%2094\(2\):164-170.
file:///C:/Users/Jast/Downloads/Dogan,%20D.,%20Nur,%20G.,%20and%20Ahmet%20Deveci,%20H.%20\(2022\)%20Tissue-specific%20toxicity%20of%20clothianidin%20%20%20%20on%20rainbow%20trout%20\(Oncorhynchus%20mykiss\).%20Drug%20Chem%20Toxicol.%2045\(4\):1851-1861.%20https:/doi.org/10.1080/01480545.2021.1892128.Ghasemzadeh,%20J.,%20Sinaei,%20M.%20and%20Bolouki,%20M.%20\(2015\)%20Biochemical%20and%20histological%20changes%20in%20fish,%20spotted%20scat%20\(Scatophagus%20argus\)%20exposed%20to%20diazinon.%20Bull%20Environ%20Contam%20Toxicol,%2094\(2\):164-170.
file:///C:/Users/Jast/Downloads/Dogan,%20D.,%20Nur,%20G.,%20and%20Ahmet%20Deveci,%20H.%20\(2022\)%20Tissue-specific%20toxicity%20of%20clothianidin%20%20%20%20on%20rainbow%20trout%20\(Oncorhynchus%20mykiss\).%20Drug%20Chem%20Toxicol.%2045\(4\):1851-1861.%20https:/doi.org/10.1080/01480545.2021.1892128.Ghasemzadeh,%20J.,%20Sinaei,%20M.%20and%20Bolouki,%20M.%20\(2015\)%20Biochemical%20and%20histological%20changes%20in%20fish,%20spotted%20scat%20\(Scatophagus%20argus\)%20exposed%20to%20diazinon.%20Bull%20Environ%20Contam%20Toxicol,%2094\(2\):164-170.
file:///C:/Users/Jast/Downloads/Dogan,%20D.,%20Nur,%20G.,%20and%20Ahmet%20Deveci,%20H.%20\(2022\)%20Tissue-specific%20toxicity%20of%20clothianidin%20%20%20%20on%20rainbow%20trout%20\(Oncorhynchus%20mykiss\).%20Drug%20Chem%20Toxicol.%2045\(4\):1851-1861.%20https:/doi.org/10.1080/01480545.2021.1892128.Ghasemzadeh,%20J.,%20Sinaei,%20M.%20and%20Bolouki,%20M.%20\(2015\)%20Biochemical%20and%20histological%20changes%20in%20fish,%20spotted%20scat%20\(Scatophagus%20argus\)%20exposed%20to%20diazinon.%20Bull%20Environ%20Contam%20Toxicol,%2094\(2\):164-170.
https://doi.org/10.1016/j.ecoenv.2019.109878
http://dx.doi.org/10.32598/ijvm.17.2.1005271
https://doi.org/10.22092/ISFJ.2020.121671
https://doi.org/10.1007/s10499-018-0301-z
https://doi.org/10.1007/s10499-018-0301-z
https://jast.modares.ac.ir/article-23-74717-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-30 ]

228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Journal of Agricultural Science and Technology (JAST), 28(2)
In Press, Pre-Proof Version

dysbiosis in common carp, Cyprinus carpio. Environmental Pollution, 266(3):115293.
https://doi.org/10.1016/j.envpol.2020.115293

Katuli, KK., Amiri, BM., Massarsky, A. and Yelghi, S. (2014) Impact of a shortterm
diazinon exposure on the osmoregulation potentiality of Caspian roach (Rutilus rutilus)
fingerlings. Chemosphere, (108): 396-404

Khalil, F., Kang, 1J., Undap, S., Tasmin, R., Qiu, X. and Shimasaki, Y. (2013)
Alterations in social behavior of Japanese medaka (Oryzias latipes) in response to
sublethal chlorpyrifos exposure. Chemosphere, 92: 125-130

Mackay, D., Giesy, J.P. and Solomon, K.R. (2014) Fate in the Environment and Long-
Range Atmospheric Transport of the Organophosphorus Insecticide, Chlorpyrifos and
Its Oxon. Rev. Environ Contam Toxicol. (231): 35-76. https://doi.org/10.1007/978-3-
319-03865-0_3

Mazandarani, M., Sodagar, M. and Namrodi, S. (2015) Histopathology of kidney, liver
and gill of common carp (Cyprinus carpio) in acute exposure to copper sulfate, 5: 9-
https://doi.org/20.1001.1.23222751.1394.5.1.2.3

Mishra, AK. and Mohanty, B. (2008) Acute toxicity impacts of hexavalent chromium
on behavior and histopathology of gill, kidney and liver of the 422 freshwater fish,
Channa punctatus (Bloch). Environ Toxicol Pharmcol, 26:136—141.

Moustakas, C.T., Watanabe, W.O. and Xopeland, K.A. (2004) Combined effects of
photoperiod and salinity on growth, survival and osmoregulatory ability of larval
southern flounder. Aquaculture, 229: 159-179. https://doi.org/10.1016/S0044-
8486(03)00366-1

Perry, J., Cotton, J., Rahman, M.A. and Brumby, S. (2020) Organophosphate Exposure
and the Chronic Effects on Farmers: A Narrative Review. Rural. Remote Health.
20:4508. https://doi.org/10.22605/RRH4508

Riba, 1., Blasco, J., Jiménez-Tenorio, N. and DelValls, T.A. (2005) Heavy metal
bioavailability and effects: 1. Bioaccumulation caused by mining activities in the Gulf
of Cadiz (SW,Spain). Chemosphere,58(5):659-669.
https://doi.org/10.1016/j.chemosphere.2004.02.015

Pal, S., Kokushi, E., Koyama, J. and Uno S, Ghosh AR. (2012) Histopathological
alterations in gill, liver and kidney of common carp exposed to chlorpyrifos, 47(3):
180-95. https://doi.org/10.1080/03601234.2012.632285

Rohani, M. F. (2023) Pesticides toxicity in fish: Histopathological and hemato-
biochemical aspects — A review. Emerging Contaminants. 9(3):100234.

Roy, D., Ghosh, D. and Mandal, DK. (2013) Cadmium induced histopathology in the
olfactory epithelium of a snakehead fish, Channa punctatus(Bloch). 1(5): 221-227.
https://doi.org/10.22034/ijab.v1i5.151

Samanta, P., Bandyopadhyay, N., Pal, S. and Mukherjee AK, Ghosh AR. (2015)
Histopathological and ultramicroscopical changes in gill, liver and kidney of Anabas
testudineus (Bloch) after chronic intoxication of almix (metsulfuron methyl
10.1%+chlorimuronethyl10.1%)herbicide, 122:360-7.
https://doi.org/10.1016/j.ecoenv.2015.08.022

Schlenk, D. and Benson, W.H. (Eds). (2001) Target Organ Toxicity in Marine and
Freshwater Teleosts:Systems(1st ed),CRC Press.
https://doi.org/10.4324/9780203361412

Shafiei, E., Ghadamyari, M. and Mosallanejad, H. (2023) Levels of imidacloprid and
chlorpyrifos resistance and associated mechanisms in greenhouse populations of
Trialeurodes vaporariorum (Hemiptera: Aleyrodidae) from Iran. Toxin Reviews, 4(42):
255-265. https://doi.org/10.52547/JES1.42.4.1



https://doi.org/10.1016/j.envpol.2020.115293
file:///D:/7%20اسفن%20د%20403/Karmakar,%20S.,%20Patra,%20K.,%20Jana,%20S.,%20Mandal,%20DP.%20and%20Bhattacharjee,%20S.%20\(2015\)%20Exposure%20to%20environmentally%20relevant%20concentrations%20of%20malathion%20induces%20significant%20cellular,%20biochemical%20and%20histological%20alterations%20in%20Labeo%20rohita.%20YPEST.%20https:/doi.org/10.1016/j.pestbp.%202015.07.006%20Katuli,%20KK.,%20Amiri,%20BM.,%20Massarsky,%20A.%20and%20Yelghi,%20S.%20\(2014\)%20Impact%20of%20a%20shortterm%20diazinon%20exposure%20on%20the%20osmoregulation%20potentiality%20of%20Caspian%20roach%20\(Rutilus%20rutilus\)%20fingerlings.%20Chemosphere,%20108:%20396-404Khalil,%20F.,%20Kang,%20IJ.,%20Undap,%20S.,%20Tasmin,%20R.,%20Qiu,%20X.%20and%20Shimasaki,%20Y.%20\(2013\)%20Alterations%20in%20social%20behavior%20of%20Japanese%20medaka%20\(Oryzias%20latipes\)%20in%20response%20to%20sublethal%20chlorpyrifos%20exposure.%20Chemosphere,%2092:%20125-130
file:///D:/7%20اسفن%20د%20403/Karmakar,%20S.,%20Patra,%20K.,%20Jana,%20S.,%20Mandal,%20DP.%20and%20Bhattacharjee,%20S.%20\(2015\)%20Exposure%20to%20environmentally%20relevant%20concentrations%20of%20malathion%20induces%20significant%20cellular,%20biochemical%20and%20histological%20alterations%20in%20Labeo%20rohita.%20YPEST.%20https:/doi.org/10.1016/j.pestbp.%202015.07.006%20Katuli,%20KK.,%20Amiri,%20BM.,%20Massarsky,%20A.%20and%20Yelghi,%20S.%20\(2014\)%20Impact%20of%20a%20shortterm%20diazinon%20exposure%20on%20the%20osmoregulation%20potentiality%20of%20Caspian%20roach%20\(Rutilus%20rutilus\)%20fingerlings.%20Chemosphere,%20108:%20396-404Khalil,%20F.,%20Kang,%20IJ.,%20Undap,%20S.,%20Tasmin,%20R.,%20Qiu,%20X.%20and%20Shimasaki,%20Y.%20\(2013\)%20Alterations%20in%20social%20behavior%20of%20Japanese%20medaka%20\(Oryzias%20latipes\)%20in%20response%20to%20sublethal%20chlorpyrifos%20exposure.%20Chemosphere,%2092:%20125-130
file:///D:/7%20اسفن%20د%20403/Karmakar,%20S.,%20Patra,%20K.,%20Jana,%20S.,%20Mandal,%20DP.%20and%20Bhattacharjee,%20S.%20\(2015\)%20Exposure%20to%20environmentally%20relevant%20concentrations%20of%20malathion%20induces%20significant%20cellular,%20biochemical%20and%20histological%20alterations%20in%20Labeo%20rohita.%20YPEST.%20https:/doi.org/10.1016/j.pestbp.%202015.07.006%20Katuli,%20KK.,%20Amiri,%20BM.,%20Massarsky,%20A.%20and%20Yelghi,%20S.%20\(2014\)%20Impact%20of%20a%20shortterm%20diazinon%20exposure%20on%20the%20osmoregulation%20potentiality%20of%20Caspian%20roach%20\(Rutilus%20rutilus\)%20fingerlings.%20Chemosphere,%20108:%20396-404Khalil,%20F.,%20Kang,%20IJ.,%20Undap,%20S.,%20Tasmin,%20R.,%20Qiu,%20X.%20and%20Shimasaki,%20Y.%20\(2013\)%20Alterations%20in%20social%20behavior%20of%20Japanese%20medaka%20\(Oryzias%20latipes\)%20in%20response%20to%20sublethal%20chlorpyrifos%20exposure.%20Chemosphere,%2092:%20125-130
file:///D:/7%20اسفن%20د%20403/Karmakar,%20S.,%20Patra,%20K.,%20Jana,%20S.,%20Mandal,%20DP.%20and%20Bhattacharjee,%20S.%20\(2015\)%20Exposure%20to%20environmentally%20relevant%20concentrations%20of%20malathion%20induces%20significant%20cellular,%20biochemical%20and%20histological%20alterations%20in%20Labeo%20rohita.%20YPEST.%20https:/doi.org/10.1016/j.pestbp.%202015.07.006%20Katuli,%20KK.,%20Amiri,%20BM.,%20Massarsky,%20A.%20and%20Yelghi,%20S.%20\(2014\)%20Impact%20of%20a%20shortterm%20diazinon%20exposure%20on%20the%20osmoregulation%20potentiality%20of%20Caspian%20roach%20\(Rutilus%20rutilus\)%20fingerlings.%20Chemosphere,%20108:%20396-404Khalil,%20F.,%20Kang,%20IJ.,%20Undap,%20S.,%20Tasmin,%20R.,%20Qiu,%20X.%20and%20Shimasaki,%20Y.%20\(2013\)%20Alterations%20in%20social%20behavior%20of%20Japanese%20medaka%20\(Oryzias%20latipes\)%20in%20response%20to%20sublethal%20chlorpyrifos%20exposure.%20Chemosphere,%2092:%20125-130
https://doi.org/20.1001.1.23222751.1394.5.1.2.3
https://doi.org/10.22605/RRH4508
https://doi.org/10.1016/j.chemosphere.2004.02.015
https://doi.org/10.1080/03601234.2012.632285
https://doi.org/10.22034/ijab.v1i5.151
https://doi.org/10.1016/j.ecoenv.2015.08.022
https://doi.org/10.4324/9780203361412
https://doi.org/10.52547/JESI.42.4.1
https://jast.modares.ac.ir/article-23-74717-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-30 ]

277
278
279
280
281
282
283
284
285
286
287
288
289

27.

28.

29.

Journal of Agricultural Science and Technology (JAST), 28(2)
In Press, Pre-Proof Version

Stalin, A., Suganthi, P., Mathivani, S., Paray, BA., Al-Sadoon, MK., Gokula, V. and
Musthafa, MS. (2019) Impact of chlorpyrifos on behavior
and histopathological indices in different tissues of freshwater fish Channa punctatus
(Bloch), 26(17):17623-17631. https://doi.org/ 10.1007/s11356-019-05165-3

Sanoesi, E., Asmara, S. D., Haromain, A. F., Nurcholis, A., Mafruch and Wijanarko, E.
(2020). Hematological analysis of common carp (Cyprinus carpio) using hematology
analyzer tools and manual at fish seed center, Pasuruan, East Java. In IOP Conference
Series: Earth and Environmental Science 493(1):012011.https://doi.org/10.1088/1755-
1315/493/1/012011

Xing, H., Liu, T., Zhang, Z., Wang, X. and Xu, S. (2015) Fish & shellfish immunology
acute and subchronic toxic effects of atrazine and chlorpyrifos on common carp
(Cyprinus carpio L.): immunotoxicity assessments. Fish and Shellfish Immunol,
45(2):327-33. https://doi.org/10. 1016/1.1s1.2015.04.016

10


https://doi.org/%2010.1007/s11356-019-05165-3
file:///C:/Users/Jast/Downloads/J.%2074717-1404-Main%20file%20-%20comment%20%20%20%2019%20فروردین.docx
http://dx.doi.org/10.1088/1755-1315/493/1/012011
http://dx.doi.org/10.1088/1755-1315/493/1/012011
https://doi.org/10.%201016/j.fsi.2015.04.016
https://jast.modares.ac.ir/article-23-74717-en.html
http://www.tcpdf.org

