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Abstract 
The effect of chronic sublethal concentrations of phorate on the histology of liver in the common carp, 
Cyprinus carpio (C. carpio) was investigated in the present study. Fish were exposed to chronic 
sublethal toxicity (one-tenth of the LC50/96 hours - 0.071 ppm/l) of phorate (CSTP) for 1, 7, 15 and 30 
days and the differential toxicity tests were carried out under laboratory conditions. On exposure for a 
period of 1 day to CSTP, no significant changes were observed in the structure of the liver. After 7 days 
of exposure, some degenerative changes like nuclear hypertrophy, vacuolization and karyolysis were 
observed in the hepatic cells of the liver. Focal necrotic changes were seen in the liver cords with the 
degeneration of the hepatocytes. On exposure for a period of 15days, the disintegration of liver cords, 
focal necrosis, degeneration of hepatocytes and karyolysis with widespread vacuolar appearance were 
noticed in the liver of the fish. On exposure for a period of 30 days to CSTP, further increase in the 
structural degeneration with increased vacuolization was observed in the liver. A severe degree of 
atrophy of the liver cords and cytoplasmic disintegration appeared. The liver was disrupted due to the 
rupture of the cell membranes. The findings of the present study demonstrate that the frequency of 
pathological changes in the liver of the fish C. carpio, increase with the increasing exposure time to 
CSTP. 
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1. Introduction 
The frequent use of pesticides such as organophosphates (OPs) in pest control and 
agriculture practices pollute the soil and water bodies, reach the aquatic ecosystem and get 
enriched in the aquatic organisms like fishes. OPs are the potent neurotoxins, functioning by 
inhibiting the action of AChE, leading to the accumulation of acetylcholine in the body of 
animals like fishes. OPs are one of the most common causes of poisoning worldwide, and are 
frequently intentionally used in agrarian areas. The intake of pesticides like OPs affects the 
biochemical composition [1, 2] and histological aspects [3, 4] of fishes.  
Phorate is an organophosphorus insecticide (OPI) and acaricide used to control sucking and 
chewing insects, leafhoppers, leafminers, mites, nematodes and rootworms [5, 6]. It is used in 
pine forests and on root and field crops including corn, cotton, paddy, groundnut, some 
ornamental, herbaceous plants and bulbs. Phorate is an important pesticide to which the fresh 
water fishes are frequently exposed due to the indiscriminate use of this pesticide by the 
farmers. 
Research on the effects of phorate on fish is scarcely done. However, some work was carried 
out by Saxena and Sarin [7, 8] on desert gerbil Meriones hurrianae, Morowati [9-11] on the male 
swiss albino mouse Mus musculus, Jyothi and Narayan [12] on fresh water fish Clarias 
batrachus and Anand Pratap Singh et al [13] on snake headed fish Channa punctatus, about 
the toxic effects of phorate. It is highly toxic and extremely fast-acting on bird species, 
freshwater fish and aquatic invertebrates [14]. Hence the present investigation is aimed to 
assess the impact of CSTP, which is widely used in the local area to combat pests, on liver 
histopathology in the fish C. carpio, a representative of the aquatic environment. 
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2. Materials and Methods 
2.1. Test Species 
The Indian major carp C. carpio (Linnaeus, 1758) has been 
selected as test species for the present investigation. It is an 
economically important edible fish, having great 
commercial value. Besides its wide availability and 
commercial importance, this carp fish is known for its 
adaptability to laboratory conditions and appear to be 
suitable test animal to toxic studies. 
 
2.2. Test Chemical 
Pesticide selected for this study is phorate (O, O-diethyl S-
ethylthiomethyl phosphorodithioate) an OPI which is widely 
used throughout the world and also in India including 
Andhra Pradesh as a broad spectrum insecticide on 
numerous crops. Commercial names of phorate are thimet, 
rampart, granutox, agrimet etc and its molecular formula is 
C7 H17 O2 PS3. 
 
2.3. Procurement and maintenance of fish 
Fingerlings of C. carpio fish were brought from the 
department of fisheries, Anantapur, Andhra Pradesh and 
released into large cement tanks with sufficient 
dechlorinated tap water and allowed to acclimatize for 15 
days. Then the fish were separated into the batch of having 
the size of 10 ± 2 gm and were maintained in static water 
without any flow [15]. Water was renewed every day to 
provide freshwater, rich in oxygen. As the level of toxicity 
is reported to vary with the interference of various extrinsic 
and intrinsic factors like temperature, salinity, pH, hardness 
of water, exposure period, density of animals, size, sex etc 
[16], precautions were taken throughout this investigation to 
control all these factors as far as possible.  
 
2.4. Chronic toxicity procedures 
Lethal concentration (LC50) of phorate to C. carpio was 
determined by the probit method of Finney [17]. One-tenth of 
the LC50/96 hours (0.071 ppm/l) concentration of phorate 
was taken as the sublethal concentration for chronic toxicity 
study. 

2.5. Experimental Design 
100 fishes were divided into 5 groups comprising of 20 
fishes each. The group I was considered as normal control, 
group II, III, IV and V were experimental groups. The fishes 
of group II were exposed to CSTP (exposed to sub lethal 
concentration = 1/10th of LC50 - 0.071 ppm/l) for 1 day, 
group III for 7 days, group IV for 15 days and group V for 
30 days. Then the fish were sacrificed and liver tissues were 
isolated under laboratory conditions for histopathological 
studies after the completion of stipulated exposure period. 
 
2.6. Histopathology 
The histological sections of the liver of control and chronic 
toxicity exposed fish were taken by adopting the procedure 
as described by Humason [18]. The tissues were isolated from 
control and the phorate treated fish and rinsed with 
physiological saline solution (0.9% NaCl) to remove blood, 
mucus and debris adhering to the tissues. They were fixed in 
Bouin’s fluid for 24 hours and the fixative was removed by 
washing through running tap water overnight. The tissues 
were processed for dehydration using ethyl alcohol as the 
dehydrating agent and were passed through a graded series 
of alcohols, cleaned in methyl benzoate and embedded in 
paraffin wax. Sections were cut at 5µ thickness and stained 
with hematoxylin [19] and counter stained with eosin 
(dissolved in 95% alcohol). Then the sections were mounted 
in Canada balsam after dehydration and cleaning and 
photomicrographs were taken using the magnus 
photomicrography equipment. 

 
3. Results and Discussion 
3.1. Results 
The structure of the normal liver of the control fish consists 
of continuous mass of cells called hepatocytes. The 
hepatocytes form a rather cord-like pattern and these cords 
are arranged around tributaries of the hepatic vein. The liver 
cells are large in size, polygonal in shape with homogenous 
granular cytoplasm and either eccentric or centrally located 
distinct nuclei. Each cord of the liver was separated by the 
thick wall of the peripheral cells (Figure 1). 

 

 
 

Fig 1: The normal architecture of the control fish liver tissue showing continuous mass of polygonal cells called hepatocytes (H), eccentric 
or centrally located distinct nuclei (N) and central vein (CV) with lower (10X) and higher magnification (40X). 
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Fig 2a: The liver of the fish exposed to CSTP for 1 day showing hepatocytes (H), nuclei (N) and central vein (CV) with the initiation of 
degenerative changes (DC) in normal cytoarchitecture with lower (10X) and higher magnification (40X). 

 

 
 

Fig 2b: The liver of the fish exposed to CSTP for 7 days showing nuclei (N), degenerative changes (DC) such as degeneration of hepatocytes 
(DH), nuclear hypertrophy (NH), karyolysis (KL) with focal necrosis (FN), structural degeneration (SD), cytoplasmic vacuolization (CV) 

and formation of vacuoles (V) with lower (10X) and higher magnification (40X). 
 

 
 

Fig 2c. The liver of the fish exposed to CSTP for 15 days showing hepatocytes (H), degenerative changes (DC) such as degeneration of 
hepatocytes (DH), karyolysis (KL) with focal necrosis (FN), cytoplasmic vacuolization (CV) and formation of vacuoles (V) with lower 

(10X) and higher magnification (40X). 
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Fig 2d:The liver of the fish exposed to CSTP for 30 days showing hepatocytes (H), degenerative changes (DC) such as degeneration of 
hepatocytes (DH), structural degenerative changes (SDC), degeneration of nucleus (DN) and cytoplasmic vacuolization (CV) with lower 

(10X) and higher magnification (40X).

3.1.1. Histopathological study in liver 
On exposure for a period of 1 day to CSTP, no significant 
changes were observed in the structure of the liver of the 
fish C. carpio (Fig 2a). After 7 days of exposure to CSTP, 
some degenerative changes like nuclear hypertrophy, 
vacuolization in the hepatic cells and karyolysis were 
observed in the liver of the fish. The parenchymatous tissue 
was disrupted and the liver cords were seen disarranged. 
Focal necrotic changes were seen in the liver cords with the 
degeneration of the hepatocytes (Fig 2b). On exposure for a 
period of 15 days, the disintegration of liver cords was 
observed. Focal necrosis, degeneration of hepatocytes and 
karyolysis with widespread vacuolar appearance were 
noticed in the liver of the fish. Few hepatocytes lost their 
polygonal shape as they were hypertrophied and the cell 
membranes found to be degenerated (Fig 2c). On exposure 
for a period of 30 days to CSTP, further increase in the 
structural degeneration with increased vacuolization was 
observed. A severe degree of atrophy of the liver cords and 
cytoplasmic disintegration appeared. The liver was 
disrupted due to the rupture of the cell membranes of the 
hepatocytes (Fig 2d). 
 
3.2. Discussion 
Histopathological investigations on different tissues of fish 
are valuable tools for toxicology studies and monitoring 
water pollutions. The histopathological investigations can 
provide information about the health and functionality of 
organs in the animals like fish. In the present study, it is 
clearly indicated that the phorate has induced pronounced 
pathological changes in the liver of the fish C. carpio 
exposed to CSTP (Fig 2a to 2d). The histopathological 
responses of the fish C. carpio exposed to CSTP in the 
present study reveal the degree of damage caused by this 
pesticide to the liver tissues of the fish. The extent of 
damage caused by phorate to the liver of the fish is 
progressive over the period of exposure to CSTP suggest 
that the histopathological responses are linearly proportional 
to the period of exposure [3, 20]. 
The liver is the main organ for detoxification [21] that suffers 
serious morphological alterations in fish exposed to 
pesticides [22]. Alterations in the liver may be useful as a 
marker that gives prior indication of pathological alterations 

on exposure to environmental stressors. The pathological 
changes like in the present study were observed by several 
investigators in the liver of fish on exposure to different 
pesticides. Fanta et al [23] observed cloudy swelling, focal 
necrosis, atropy and vacuolization in the liver of Corydoras 
paleatus exposed to methyl parathion. Sarkar et al [24] 
reported hyperplasia, vacuolation, disrupted hepatocytes, 
focal coagulative necrosis, disorganized hepatic canaliculi in 
the liver of Labeo rohita exposed to cypermethrin. Cengiz 
and Unlu [25] observed hepatic lesions in the liver tissue of 
fish Gambusia affinis such as hypertrophy of hepatocytes, 
increase of Kupffer cells, circulatory disturbances, focal 
necrosis, fatty degeneration, nuclear pycnosis and narrowing 
of sinusoids on exposure to deltamethrin. Sandipan Pal et al 
[20] observed nuclear and cellular hypertrophy, cellular 
atrophy, irregular contour of cells and nucleus, cytoplasmic 
and nuclear degeneration, cytoplasmic vacuolation, cellular 
rupture, pyknotic nucleus, necrosis and melanomacrophages 
aggregations in the liver of common carp, C. carpio, 
intoxicated with sub-lethal concentrations of chlorpyrifos 
pesticide for a period of 14 days. 
The histological changes that were taken place at the initial 
period of exposure to CSTP in the present study might be a 
part of the defense mechanism of the fish. On prolonged 
exposure to CSTP, due to further accumulation of phorate in 
the liver of the fish, it caused destruction in the liver. The 
slight structural reorganization in the liver of the fish, 
observed at day 30 of exposure to CSTP, gives support to 
some extent that the ability of the fish to resist the sublethal 
stress and in repair of the damage caused to the liver by 
enhancing the protein synthetic potentials and other 
associated activities of the cell. Probably the fish could 
excrete or chelated the accumulated phorate over the time of 
exposure, there by the toxic effect of it might have been 
gradually decreased. The degree of destruction in the liver 
of the fish was linearly proportional to the period of 
exposure [3, 20].  
 
4. Conclusions 
On exposure to CSTP, though initially it caused a mild 
damage to the liver of the fish at day 1, further exposure for 
7, 15 and 30 days it caused a profound damage to the liver. 
On prolonged exposure to CSTP, the fish could develop 
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enough resistance and replenish the loss by activating the 
energy cycles. The changes induced by CSTP in the 
structure and morphology of the liver of the fish C. carpio 
are not only dependent on the concentration of the pesticide 
but also on the length of the fish exposure period. Frequency 
and intensity of tissue lesions depend on the concentration 
of pesticides and the length of the fish exposure period to 
pesticides.  
 
5. References 
1. Jebokumar SRD, Flora SDJ, Ganesan RM, Jagatheesan 

G, Jayaraman J. Effect of Short term sub lethal 
exposure of cypermethrin on the organic constituents of 
the fresh water fish Lepidocephalichthys thermalis. J 
Environ Biol. 1990; 11:203-209. 

2. Prasad BB, Singh KM, Rani M. Dimethoate and 
monocil toxicity on the conc of protein and amino acid 
in the serum and liver of Channa punctatus (Ham). Nat 
Environ Pollution Tech. 2002; 1:147- 150. 

3. Singh RN. Histopathological alterations in the kidney 
of Cyprinus carpio after exposure to dimethoate (EC 
30%). Ind J Sci Res. 2012; 3(1):127-131. 

4. Aswin B, Binu Kumari S, Ravishanker S, Mohan kumar 
M, Ambikadevi AP, Drishya MK. The effect of 
quinalphos on histopatholagical changes in the Gills of 
fresh water fish, Anabas testudineus. IOSR Journal of 
Environmental Science, Toxicology and Food 
Technology (IOSR-JESTFT). 2016; 10(4):12-16. 

5. Wagner SL. The acute health hazards of pesticides. In 
Chemistry, Biochemistry, and Toxicology of Pesticides. 
Witt, J. M., Ed. Oregon State University Cooperative 
Extension Service, Corvallis, OR. 1989; 1:5-2. 

6. Gallo MA, Lawryk NJ. Organic phosphorus pesticides. 
In Handbook of Pesticide Toxicology. Hayes, W. J., Jr. 
and Laws, E. R., Jr., Eds. Academic Press, New York, 
NY, 1991, 5-3. 

7. Saxena AK, Sarin K. Effect of repeated administration 
of thimet (phorate) on testes of the desert gerbil 
Meriones hurrianae (Jerdon): biochemical and 
histopathological studies. Indian Journal of 
Experimental Biology. 1979; 17:863-865. 

8. Saxena AK, Sarin K. Pathological and biochemical 
changes in the liver and testis of the desert gerbil 
Meriones hurrianae (Jerdon). Effect of single 
intraperitonial injection of phorate (thimet). Indian 
Journal of Experimental Biology. 1980; 18:1001-1004. 

9. Morowati M. Inhalation toxicity studies of Thimet 
(Phorate) in male swiss albino mouse, Mus musculus I. 
Hepatotoxicity. Environmental Pollution. 1997; 
96(3):283-288. 

10. Morowati M. Inhalation toxicity studies of Thimet 
(Phorate) in the male swiss albino mouse, Mus 
musculus: II. Lung histopathology, pseudo 
cholinesterase level and haematological studies. 
Environmental Pollution. 1998; 103:309-315. 

11. Mohssen M. Biochemical and Histopathological 
Changes in Serum Creatinine and Kidney Induced by 
Inhalation of Thimet (Phorate) in Male Swiss Albino 
Mouse, Mus musculus. Environmental Research. 2001; 
87(1):31-36.  

12. Jyothi B, Narayan G. Certain pesticide-induced 
carbohydrate metabolic disorders in the serum of 
freshwater fish Clarias batrachus. Food and Chemical 
Toxicology. 1999; 37:417-421.  

13. Singh AP, Singh, Bhartiya P, Yadav K. Toxic effect of 
Phorate on the Serum Biochemical Parameters of Snake 
Headed Fish Channa punctatus (Bloch). Advances in 
Bioresearch. 2010; 1(1):178 -182. 

14. Walker MM, Keith LH. EPA's Pesticide Fact Sheet 
Database. Lewis Publishers. Chelsea, MI, 1992. 

15. Doudoroff P, Anderson BG, Bordwic GE, Galtsolf BS, 
Hart NB, Patrick R et al. Bio-assay method for 
evaluation of acute toxicity of industrial wastes to fish 
sewage. Indi. Wastes. 1951; 23:1380-1397. 

16. Sivaramakrishna B, Suresh A, Radhakrishnaiah K. 
Assessment of mercury toxicity by the changes in 
oxygen consumption and ion levels in the fresh water 
snail Pila globosa and the mussel Lamellidens 
marginalis. Bull. Environ. Contamn. Toxicol. 1991; 
46:913-920. 

17. Finney DJ. Probit Analysis, 3rd edition, Cambridge 
University press, Cambridge, 1971,333.  

18. Humason GL. Animal tissue technique, III Edn., W.H. 
Freeman and Company, San Francisco, 1972. 

19. Harris HF. On the rapid conversion of haematoxylin 
into haemation in staining reaction. J Appl Microse Lab 
Meth. 1900; 3:777. 

20. Pal S, Kokushi E, Koyama J, Uno S, Ghosh AR. 
Histopathological alterations in gill, liver and kidney of 
common carp exposed to chlorpyrifos. Journal of 
Environmental Science and Health. 2012; 47(B):180-
195. 

21. Dutta HM, Adhikari NK, Singh PK, Munshi JS. 
Histopathological changes induced by malathion in the 
liver of a freshwater catfish, Heteropneustes fossilis 
(Bloch). B Environ Contam Tox. 1993; 51:895-900. 

22. Rodrigues EL, Fanta E. Liver histopathology of the fish 
Brachydanio rerio after acute exposure to sublethal 
levels of the organophosphate dimethoate 500.Rev Bras 
Zool. 1998; 15:441-450. 

23. Fanta E, Rios FS, Romao S, Vianna ACC, Freiberger S. 
Histopathology of the fish Corydoras paleatus 
contaminated with sublethal levels of 
organophosphorus in water and food. Ecotox Environ 
Safe. 2003; 54:119-130. 

24. Sarkar B, Chatterjee A, Adhikari S, Ayyappan S. 
Carbofuran and cypermethrin induced histopathological 
alterations in the liver of Labeo rohita (Hamilton) and 
its recovery. J Appl Ichthyol. 2005; 21:131-135. 

25. Cengiz EI, Unlu E. Sublethal effects of commercial 
deltamethrin on the structure of the gill, liver and gut 
tissues of mosquitofish, Gambusia affinis: A 
microscopic study. Environ. Toxicol Phar. 2006; 
21:246-253. 


