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ARTICLE INFO ABSTRACT

Original paper The insecticide cypermethrin adversely affects biochemical parameters in blood and behavior in grass carp
(Ctenopharyngodon idella). Fish were obtained from the hatchery and reared in the laboratory. Different

Article history: concentrations of cypermethrin were applied. Blood was collected and hematological and biochemical para-
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meters were measured. Biochemical parameters such as protein levels, cholesterol, phosphorous and calcium
in both acute and chronically cypermethrin-treated groups decreased, with increasing exposure time from
24h to 15 days with more pronounced effects in the acute groups. Increased glucose, urea, serum glutamic

pyruvic transaminase (SGPT), creatinine, and lactate dehydrogenase (LDH) levels were found in both acute
Keywords: and chronic groups with increasing exposure time. Hematological parameters, such as red blood cell (RBC),
hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MHCH), and red cell distribution width (RDW) were

significantly reduced in both groups as the exposure time increases. However, the number of white blood cells

Ctenopharyngodon  idella, Cy-
permethrin, hematology, bioche-

mistry, exposure time (WBC) and platelets increased. This study established both the acute and chronic toxicity of cypermethrin in

grass carp, which likely occurs secondary to altered biochemical and blood parameters.
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Introduction

The Ctenopharyngodon idella belongs to the Cyprini-
dae family, an herbivorous fish. It’s native to Eastern Asia
and also has a native range from Northern Vietnam to the
Amur River (1). The rapid increase in the population has
decreased the available land for cultivation. To solve this
problem, different chemicals are used to increase the pro-
duction of vegetables, fruits and crops. These chemicals
are present in the form of fertilizers, insecticides and her-
bicides. Fast industrialization has led to pollution affecting
aquatic ecosystems. In Pakistan, effluents from industries,
wastes from domestic activities and runoffs are commonly
released into streams, ponds and other water bodies. These
chemicals are the main source of pollution, and they alter
the physical as well as the chemical composition of the
water, and are toxic to aquatic life, especially to fish diver-
sity (2-7).

Cypermethrin is an artificial pyrethroid used for sche-
ming diverse kinds of creepy-crawly pests of fiber, fruits,
crops and vegetables (8-10), copepod bloodsucker inva-
sion (11), marine and earthly ectoparasites (12). It enters
waterways as a result of runoffs and affects aquatic orga-
nisms (13). Cypermethrin is extremely poisonous to fish
(in laboratory tests, 96 h LC,, were generally within the

range of 0.4-2.8 ug/l) and marine invertebrates with LC_
in the range of 0.01-5 pg/l (14, 15). Cypermethrin alters
fish metabolism and hematological parameters (16). Long-
term exposure decreases the fish life span (17).

Pyrethroids are highly toxic to a number of life forms,
including fish, lobster, shrimp, mayfly nymphs and nume-
rous species of zooplankton (18), affecting hematological
indices in fish (19), such as hematocrit, hemoglobin, num-
ber of erythrocytes and white blood cells (20).

Hematological parameters have been studied to explain
the physical condition of fish (21), and assess environmen-
tal stresses (22, 23). Hematological indices are known to
act in response to changes in ecological conditions and
have been considered in C. idella (24) and Heteropneustes
fossilis (25). Our study aimed to determine the toxic ef-
fects of cypermethrin exposure on the common carp.

Materials and Methods

Fish were obtained from the Carp hatchery Mardan.
During collection, the same size and healthy fishes were
selected and brought to the laboratory in plastic bags
containing a sufficient amount of oxygen. Fish were
housed in aquariums 5 feet in length, 2.5 feet in width, and
3 feet in height containing 700-liter water (26).
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Figure 1. Chemical Structure of Cypermethrin.

Pre experimental management

Cypermethrin, C,H C NO, (a- Cyano- (3-phenoxy-
phenyl)- methyl 3- (2,2- dichloro-vinyl)- 2,2- dimethylcy-
clo-pro-pane- carboxylate) (CAS Number 52315-07-8, -
98%, Molecular Weight 416.30) was purchased from Sig-
ma-Aldrich (Germany). The molecular structure of cyper-
methrin is shown in Figure 1. Aquariums were washed,
cleaned and disinfected and filled with water. Aerators
were used to keep the water fully aerated. Water was chan-
ged every 20 hrs. The fish were placed in the aquarium for
a period of 20 days to acclimatize to the laboratory condi-
tions and were fed once a day. The provision of food was
stopped 48 h prior to the start of toxicity experiments (26).

Experimental Design

Fish were divided into three groups. Group I was not
exposed to any chemicals and was considered a control
group; group II was treated with cypermethrin considered.
Fish of the control group were kept in a separate aquarium
provided with oxygen by aerators, food and exchange
of water each 24 h. The treated fish were housed under
similar conditions along with various concentrations of
cypermethrin for various periods. After the exposure to
cypermethrin, the blood was collected from fish in ethyle-
nediaminetetraacetic acid (EDTA) for further hematologi-
cal and biochemical analysis (27). The number of fish, the
treatments and the time of exposure are shown in Table 1.

Collection and preservation of Fish blood

Blood was collected from the caudal vein midline just
posterior to the anal fin. Collected blood was transferred
to Gel and EDTA tubes containing anticoagulants (28) and
subjected to hematological and biochemical analyses.

Hematological parameters

Blood samples (5ml) were collected by direct prick
near the caudal vein. The length and weight of the fish
were recorded before the collection of the blood. The

following parameters were analyzed: RBC, WBC, HGB,
HCT, MCV, MCH, MHCH and RDW were analyzed by
the d6580 auto hematology analyzer.

Biochemical parameters

Analyzed biochemical parameters, including total pro-
tein, cholesterol, glucose, phosphorous, SGPT, urea, crea-
tinine, calcium and LDH, were determined by following
standard methods(29-31).

Statistical Analysis

Statistical analysis was carried out by using SPSS, ver-
sion 16. Continuous data are expressed as mean + S.E. One
factor experiment carried out in completely randomized
design data were compared by using one-way ANOVA.
Significant differences were defined at P<0.05.

Results

Hematology

Cypermethrin increased WBCs count as the exposure
time increased from 24 h (140.32 x10°3/uL) to 15 days
(178.50x10°3/uL). A trend towards decreased Hb was
noted as the exposure time increased from 24 h (6.82 g/
dl) to 15 days (4.55g/dl). RBC mean value in the 24-h
exposure group was 2.20 x1076/uLL and 0.25x1076/uL in
the 15-day exposure group and decreased with the increa-
sing exposure time. In the 24-h exposure group, HCT was
4.42% and increased to 13.15% in the 15-day exposure
group. The amount of MCV was reduced by cypermethrin
exposure, with a mean value of 151.75fL in the 24-h and
a mean value of 69.50fL in the 15-day exposure group.
The highest value of MCH was observed in the 24-h at
168.02 pg and 82.85pg in the 15-day exposure group.
MHCH mean value in the 24-h exposure group was 113.75
g/dL and decreased to 77.75g/dL in the 15-day exposure
group. RDW-CV percentage decreased with the exposure
time. In the 24-h and the 15 days exposure group, RDW-
CV percentages were 29.00% and 20.60%, respectively.
PLT value increased with the time of exposure. In the 24-h
exposure group, 66.00 x10°3/uL, while in 15 days expo-
sure group, it was 136.00x10°3/uL. Observed values of
hematological parameters in the different exposure groups
at 0.8 ul/L, 0.7 pl/L, 0.6ul/L, and 0.5 pl/L concentrations
are shown in Table 2.

Blood Biochemistry

Serum proteins decreased with increased exposure
time from 7.4500+.017078 after 24 h to 3.6000+.07071
after 15 days at 0.08 and .05 pl/L concentration, respecti-

Table 1. Number of fish used in control and each treated group, amount of cypermethrin used and time of exposure.

S. No Number of Fishes Amount of cypermethrin Time of exposure

Group 1 10 Control group

Group 2 10 0.8 ul/L 24 h
Group 3 10 0.7 ul/L 48 h
Group 4 10 0.6 ul/L 72 h
Group 5 10 0.5 ul/L 96 h
Group 6 10 0.7 ul/L 5 days
Group 7 10 0.6 ul/L 10 days
Group 8 10 0.5ul/L 15 days
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Table 2. Showing results of the hematological parameters such as WBC, HGB, RBC, HCT, MCV, MCH, MCHC, RDW-CV, and PLT of control, acute and chronic group. The (P<0.05) was considered significant.

Hematological
Parameters

Control

Treated groups

WBC(x10°3/uL)

118.75+1.75000

HGB (g/dl) 8.85+.06455
RBC (x10°6/uL)  2.79+.01109
HCT (%) 8.22+.07071
MCV (fL) 178.280042.67
MCH (pg) 197.200+.7348
MCHC (g/dL) 121.504.9574
RDW-CV (%) 35.50+.02041

PLT (x10°3/pL)

24.50+.6455

24h
0.8ul/L

140.32+1.149
6.825+.0853
2.200+.0736
4.425+.0853
151.7541.108
168.02+.1.037
113.75+.1.738
29.000+.6455
49.50+.1.1902

48h
0.7ul/L

136.600+1.009
6.250+.0645
1.795+.0210
10.225+.02495
130.25+1.4930
150.12+.8750
106.00£1.290
22.87+.04787
66.00+.1.290

72h
0.6ul/L

142.750+1.3768
5.525+.853
1.500+.0219
8.475+.0853
121.50+1.707
129.75+.1.1086
96.50+1.099
16.300+.03366
80.000£1.290

96 h 5 days
0.5ul/L 0.7ul/L
145.250+.8539 155.500+.6455
4.9750+.0853 4.625+.0478
1.1975+.0377 .7350+.0253

8.700+.00000
107.00+1.8257
129.75+2.160
82.000£1.290
14.857+.02393
92.500+1.7078

12.100+.02857
102.00£1.290
103.57+.6786
75.750+£1.1086
12.925+.02561
110.25+1.3768

10 days
0.6ul/L

163.00+.8165
4.750+.0645
0.3200+.0129
10.150+.02986
86.500£1.707
71.175+.04230
64.750£1.652
15.5000+.03559
124.00+1.290

15 days 0.5pl/L

178.50+.9574
4.750+.0645
0.2500+.0255
13.150+.03840
69.500+1.707
82.850+0.7135
77.750£1.108
20.600+.05369
136.00£1.290

Table 3. Showing results of blood biochemical parameters such as protein, cholesterol, phosphorus, Urea, creatinine, Glucose, Calcium, LDH and SGPT of control, acute and chronic group. The (P<0.05)
was considered significant.

Biochemical

Parameters

Control Group

Treated groups

Serum Protein

Blood Cholesterol

Serum alkaline Phosphatase
Blood Urea

Serum Creatinine

Blood Glucose

Calcium

LDH

SGPT

No treatment

8.7750+.011087
1.8225+1.2500
9.0000+.10801
4.0475+.03038
0.8775+.01109
43.5000+.6455
9.0725+.04922
3.5000+2.0816
46.2500+.3227

24h
0.8ul/L
7.4500+.01707
1.530043.1622
3.1250+.06292
13.7500+.0322
1.7500+.01040
85.87504.0239
7.5000+.02041
9.3125+6.2500
82.7500+.0322

48 h
0.7ul/L

6.4750+.012500
1.25004+2.58199
5.2500+.10408

11.0000+.64550
1.4750+.06292

80.7500+.03227
6.0000+.020412
8.3475+3.42479
76.2500+.03227

72h
0.6pl/L

5.4250+.014930
1.500042.7537
6.05004.06455
8.9750+.020565
1.2075+.07398
75.6250+.04269
6.00004.020412
7.7950+5.42371
71.7500+.03227

96 h
0.5ul/L

4.4675+.020006
1.212542.17466
7.0750+.08539

7.8750+.023936
0.6250+.011087

65.3750+.055434

6.5000+.020412
6.8750+6.61438

67.3750+.023936

5 days

0.7ul/L
5.5500+.02887
1.2938+.89849
3.4750+.016520
15.1250+.02393
1.3500+.02887
60.5000+.0204 1
7.5250+.06292
7.3050+2.5000
62.3750+.746

10 days
0.6ul/L

4.5500+.07071
1.0988+1.28087
4.3500+.04787
11.5000+.20412
0.5500+.02394
57.7500+.20412
6.6250+.06292
7.0100+1.70783
55.5000+.32275

15 days
0.5ul/L

3.6000+.07071
1.3750+1.280
6.4250+.04787
9.5000+.020412
0.3625+.02394
49.0000+.02041
5.5250+.06292
6.5650+1.7078
51.2500+.0322
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vely. An increase in blood cholesterol level was observed
with increased exposure time after 24 h at 1.5300+3.1622
to 1.3750+1.280 after 15-days. Serum alkaline PO, value
in the 24-h group was 3.1250+.06292 and 6.4250+.04787
in the 15-day treated group. Blood urea decreased with
exposure time and was 13.7500+.3227 after 24-h and
9.5000+.020412 after 15-days of exposure. Serum crea-
tinine was 1.7500+.010408 after 24-h exposure and
significantly decreased to 0.3625+.02394 after 15-days
exposure. A reduction in blood glucose level was found
as the exposure time increased. After 24-h treatment, it
was 85.8750+.02393 and reduced to 49.0000+.02041
after 15-days. Calcium level follows the same trend as
blood glucose. After 24-h exposure, calcium level was
7.5000+.020412 and 5.5250+.06292 after 15-days. In the
24-h treated group LDH was 9.3125+6.2500 and reduced
to 6.5650+1.7078 in the 15-days treated group. The obser-
ved value of SGPT in the 24-h cypermethrin-treated group
was 82.7500+.0322 and decreased to 51.2500+.0322 in
the 15-day cypermethrin treated group. Results are shown
in Table 3.

Discussion

The effect and toxicity of cypermethrin on C. idella
have not been previously reported. For the first time, we
report on the toxic effect of cypermethrin on hematolo-
gy and blood biochemistry in C. idella. We found that
cypermethrin affects the hematological and biochemical
parameters of C. idella blood. This study provides a more
effective understanding of the toxic effect of cypermethrin
on C. idella hematology and biochemistry. Insecticides
are one of the main causes of aquatic pollution, leading
to adverse effects on all aquatic organisms, including fish
(32).

Fish blood reflects its physiology and health (33) (34,
35). The application of cypermethrin in agriculture for the
control of insects and pests has to its runoff into aquatic bo-
dies (36). Here, we addressed the effects of cypermethrin
on the grass carp, determining its effects on hematological
and biochemical parameters in blood.

Here we show that cypermethrin significantly increased
WBC, MCV, and MCHC compared to the control group.
Neelima et al, (37) conducted a static-renewal bioassay to
assess the acute and sublethal toxicity of cypermethrin on
some hematological parameters of white carp (Cirrhinus
mrigala), observing a significant increase in WBCs count.
To overcome the hypoxic conditions in high toxic me-
dium, fish increase their MCV and MCH levels (38). The
decrease in PCV and MCV shows that cypermethrin may
interfere with the normal physiology of RBC. A significant
decrease in the hematocrit values after exposure to cyper-
methrin is indicative of anemia and hemodilution possibly
due to gill damage or/and impaired osmoregulation (37).

The toxic effects of cypermethrin (25 percent EC) on
tilapia liver and gills were studied by Devi and Leon (39).
Cypermethrin affects gills epithelial cells, along with pro-
nounced changes in the liver (increased vacuolization,
necrosis, cytoplasmic vacuolization, decreased red blood
corpuscles, excessive mucus secretion). An analogous
effect on RBCs was observed in the current study. The
low Hb concentration noted herein may be attributed to
cypermethrin’s propensity to adversely affect the oxygen-
carrying capacity of RBCs.

In a study, grass carp were randomly exposed to dif-
ferent concentrations of cypermethrin, observing its effect
on serum and spleen alkaline phosphatase (ALP) acti-
vity. ALP activity in serum and spleen was significantly
increased, showing that cypermethrin was toxic to grass
carp serum and spleen. In the current study, a similar
effect of cypermethrin was observed. finding a reduction
in serum ALP activity (40). Cypermethrin has also been
studied by Carpio L. (41). Cypermethrin caused oxidative
stress, apoptosis and immunodeficiency in the spleen of C.
idella and led to oxidative damage, decreasing serum pro-
tein (42) analogous to the decrease in serum protein noted
in the present study. Serum proteins may be reduced due
to liver hypofunction, as the majority of the serum proteins
are synthesized in the liver.

The levels of LDH were increased upon cypermethrin
treatment in both acute and chronic groups, but the in-
creased level was highly reported in acute groups as com-
pared to chronic groups, according to Das and Mukherjee
(43) in L. rohita. LDH levels may be increased because
of liver hypofunction. Cypermethrin damages hepatocytes
were, resulting in the rise of LDH. The increase in LDH
activity may indicate activation of the glycolytic process
and anaerobic metabolism.

Significant increases in creatinine, urea, glucose, cho-
lesterol, and alkaline phosphatase levels, and reduction in
total proteins and triglycerides in serum were reported in
Jundia, a South American teleostean fish. The observed re-
sults corroborate the findings of the present study (44). The
effect may reflect liver necrosis and continuous leakage of
alkaline phosphatase into blood vessels. In fish, a rise in
serum glucose level is considered a general response to
stress and it is known as an environmental stress indica-
tor. Cypermethrin-exposed fish showed low hemoglobin
content and hyperglycemia, especially after long-term ex-
posure to high concentrations. Analogous results showing
decreased Hb and hyperglycemia followed by hypogly-
cemia were observed herein. A significant decrease in Hb
levels may lead to impaired oxygen supply to fish tissues,
thus resulting in a slow metabolic rate and low energy pro-
duction. Cypermethrin caused increased levels of serum
alkaline phosphatase, as shown herein. Moreover, reduced
levels of serum total protein, cholesterol, and a higher le-
vel of glucose are attributed to increased demand for ener-
gy by fish under stress to cope with detrimental conditions
imposed by chronic exposure to the toxicant (45).

Conclusion

This study sought to determine the acute and chronic
toxicity of cypermethrin on grass carp biochemical and
blood parameters. In addition, to test cypermethrin toxi-
city at various concentrations and exposure times, both
acute and chronic groups' protein, cholesterol, phospho-
rus, and calcium levels decreased, but acute groups de-
creased more than chronic groups. Glucose, urea, SGPT,
creatinine, and LDH levels increased in both acute and
chronic groups. The MCV, MCH, MHCH and RDW-CV
values were decreased. WBC and platelets were increased.
It was concluded that cypermethrin significantly alters fish
hematology and biochemistry. This study will provide a
more effective understanding of the toxic effect of cyper-
methrin on fish. The parameters studied are sensitive to
toxicants and can be used as an indicator of the toxicolo-
gical impacts.
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dehydrogenase = LDH, Red Blood Cells = RBC, Hemo-
globin = HGB, Hematocrit = HCT, Mean Corpuscular
Volume = MCV, Mean Corpuscular Hemoglobin = MCH,
Mean Corpuscular Hemoglobin Concentration = MHCH,
Red Cell Distribution Width = RDW, White Blood cells =
WBC.

References

1. Cudmore B, Mandrak NE. Biological synopsis of grass carp (Cteno-
pharyngodon idella). Can J Fish Aquat Sci 2004;2705(7):1-44.

2. Latif A, Ali M, Sayyed AH, Igbal F, Usman K, Rauf M, et al. Effect
of copper sulphate and lead nitrate, administered alone or in com-
bination, on the histology of liver and kidney of Labeo rohita. Pak
J Zool. 2013;45(4).

3. Singh N, Singh H, Haque M, Rath S. Prevalence of parasitic in-
fections in cattle of Ludhiana district, Punjab. J Parasit Dis.
2012;36(2):256-9.

4. Mowat C, Cole A, Windsor A, Ahmad T, Arnott I, Driscoll R, et al.
Guidelines for the management of inflammatory bowel disease in
adults. Gut. 2011;60(5):571-607.

5. Stanitski CL. Chemistry in context: Applying chemistry to society:
American Chemical Society.; 2003.

6. Hayat S, Ahmad A. Salicylic acid-a plant hormone: Springer Science
& Business Media; 2007. 1-14. p.

7. Samanta S, Mitra K, Chandra K, Saha K, Bandopadhyay S, Ghosh A.
Heavy metals in water of the rivers Hooghly and Haldi at Haldia
and their impact on fish. J Environ Biol. 2005;26(3):517-23.

8. Al-Hamdani NM, Yajurvedi H. Cypermethrin reversibly alters sperm
count without altering fertility in mice. Ecotoxicol Environ saf.
2010;73(5):1092-7.

9. Reddy A, Yellamma K. Perturbations in carbohydrate metabolism
during cypermethrin toxicity in fish, Tilapia mossambica. Bio-
chem Int. 1991;23(4):633-8.

10. Bradbury SP, Coats JR. Comparative toxicology of the pyrethroid
insecticides. Reviews of Environ Contam Toxicol. 1989:133-77.

11. Athanassopoulou F, Ragias V, Roth M, Liberis N, Hatzinikolaou S.
Toxicity and pathological effects of orally and intraperitoneally
administered ivermectin on sea bass Dicentrarchus labrax. Dis
Aquat Organ. 2002;52(1):69-76.

12. Treasurer JW, Wadsworth SL. Interspecific comparison of experi-
mental and natural routes of Lepeophtheirus salmonis and Caligus
elongatus challenge and consequences for distribution of chali-
mus on salmonids and therapeutant screening. Aquacult Res.
2004;35(8):773-83.

13. Arjmandi R, Tavakol M, Shayeghi M. Determination of organo-
phosphorus insecticide residues in the rice paddies. Int J Environ-
men Sci Technol. 2010;7(1):175-82.

14. Velisek J, Wlasow T, Gomulka P, Svobodova Z, Dobsikova R, No-
votny L, et al. Effects of cypermethrin on rainbow trout (Onco-
rhynchus mykiss). VETERIN MED-. 2006;51(10):4609.

15. 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 App Ichthyol.

2005;21(2):131-5.

16. Adhikari S, Sarkar B, Chatterjee A, Mahapatra C, Ayyappan S.
Effects of cypermethrin and carbofuran on certain hematolo-
gical parameters and prediction of their recovery in a freshwa-
ter teleost, Labeo rohita (Hamilton). Ecotoxicol Environ saf.
2004;58(2):220-6.

Naz MY, Ghaffar A, Rehman N, Naseer S, Zakaullah M. Double
and triple Langmuir probes measurements in inductively coupled

17.

nitrogen plasma. Pro Electromagnet Res. 2011;114:113-28.

18. Oudou H, Alonso R, Hansen HB. Voltammetric behaviour of the

synthetic pyrethroid lambda-cyhalothrin and its determination in
soil and well water. Anal Chim Acta. 2004;523(1):69-74.

Dethloff G, Bailey H, Maier K. Effects of dissolved copper on select

hematological, biochemical, and immunological parameters of

19.

wild rainbow trout (Oncorhynchus mykiss). Archives of Environ
Contamin Toxicol. 2001;40(3):371-80.
Adedeji O, Taiwo V, Agbede S. Comparative haematology of five
Nigerian freshwater fish species. Nigerian Vet J. 2000;21:75-84.
Blaxhall PC. The haematological assessment of the health of

20.

21.
freshwater fish: a review of selected literature. J Fish Biol.
1972;4(4):593-604.

22. Kocabatmaz M, Ekingen G. Degisik tiir baliklarda kan 6rnegi
alinmasi ve hematolojik metotlarin standardizasyonu. Doga Bilim
Dergisi D. 1984;1:8.

Soivio A, Oikari A. Haematological effects of stress on a teleost,
Esox lucius L. J Fish Biol. 1976;8(5):397-411.

Shakoori A, Mughal A, Igbal M. Effects of sublethal doses of fen-
valerate (a synthetic pyrethroid) administered continuously for

23.
24.

four weeks on the blood, liver, and muscles of a freshwater fish,
Ctenopharyngodon idella. Bulletin of Environ Contamin Toxicol.
1996;57(3):487-94.

25. Kumar K, Goh K. Crop residues and management practices: effects
on soil quality, soil nitrogen dynamics, crop yield, and nitrogen
recovery. Adv Agron. 1999;68:197-319.

Mubarik MS, Asad F, Zahoor MK, Abid A, Ali T, Yaqub S, et al.

Study on survival, growth, haematology and body composition

26.

of Cyprinus carpio under different acute and chronic salinity re-
gimes. Saudi J Biol Sci. 2019;26(5):999-1002.

Zang L, Shimada Y, Nishimura Y, Tanaka T, Nishimura N. A novel,
reliable method for repeated blood collection from aquarium fish.
Zebrafish. 2013;10(3):425-32.

. Ramsdorf WA, de SF Guimaraes F, Ferraro MV, Gabardo J, da Silva

Trindade E, Cestari MM. Establishment of experimental condi-

27.

28

tions for preserving samples of fish blood for analysis with both
comet assay and flow cytometry. Mutat Res. 2009;673(1):78-81.

29. Cohen JL. Clinical chemistry. Principles and procedures. 4th ed. By
Joseph S. Annino and Roger W. Giese. Little, Brown, 34 Beacon
St., Boston, MA 02106,1976.412 pp. 16 x 24 cm. Price $15.00. J
Pharm Sci. 1977;66(5):759-.

Kruijswijk H. Clinical chemistry: Principles and technics, 2nd edn.:
eds. R.J. Henry, D.C. Cannon and J.W. Winkelman; Harper and
Row, Hagerstown (Md.), New York, Evanston, San Francisco,
London, 1974, 1641 pages, 267 illustrations, $37.50. Clin Chim
Acta. 1975;65:249-50.

Varley H. Practical clinical biochemistry. Pract clin Biochem. 1954.

30.

31.

32. Hayat S, Ali B, Ahmad A. Salicylic acid: biosynthesis, metabolism
and physiological role in plants. Salicylic acid: A plant hormone:
Springer; 2007. p. 1-14.

Banaee M, Sureda A, Mirvaghefi A, Ahmadi K. Effects of diazinon
on biochemical parameters of blood in rainbow trout (Oncorhyn-
chus mykiss). Pest Biochem Physiol. 2011;99(1):1-6.

Suvetha L, Ramesh M, Saravanan M. Influence of cypermethrin

33.

34.
toxicity on ionic regulation and gill Na+/K+-ATPase activity of a
freshwater teleost fish Cyprinus carpio. Environ Toxicol Pharma-

19



Mujeeb Ullah et al. / Biochemical effect of cypermethrin in fresh water fish, 2022, 68(10): 15-20

col. 2010;29(1):44-9.

35. Velisek J, Sudova E, Machova J, Svobodova Z. Effects of sub-chro-
nic exposure to terbutryn in common carp (Cyprinus carpio L.).
Ecotoxicol Environ Saf. 2010;73(3):384-90.

36. Meister A. On the antioxidant effects of ascorbic acid and gluta-
thione. Biochem Pharmacol. 1992;44(10):1905-15.

37. Neelima P, Govinda Rao K, Krishna Ch SM, Chandra Sekhara Rao
J. Haematotoxicity of Cypermethrin (25% EC) to white carp (Cir-
rhinus mrigala). Int J Life Sci. 2016;4(2):207-13.

38. Rauf A, Arain N. Acute toxicity of diazinon and its effects on hema-
tological parameters in the Indian carp, Cirrhinus mrigala (Hamil-
ton). Turk J Vet Ani Sci. 2013;37(5):535-40.

39. Devi KK, Leon JPS. Histopathological Effect of Pesticide Cyper-
methrin Toxicity on Liver and Gill of Freshwater Fish, Oreochro-
mis Mossambicus (Tilapia). GIS Business. 2019;14(6):163-9.

40. Niu J, Liu Z, Wang Y, Zhang A. Dynamic changes of alkaline phos-
phatase activity in blood plasma and spleen of grass carp (Cte-
nopharyngodon idellas) exposed to different beta-cypermethrin
concentration. ] Henan Agri Sci. 2015;44(7):135-8.

41. Arslan H, Ozdemir S, Altun S. Cypermethrin toxication leads to his-

topathological lesions and induces inflammation and apoptosis in
common carp (Cyprinus carpio L.). Chemosphere. 2017;180:491-
9.

42. Zhao H, Wang Y, Guo M, Mu M, Yu H, Xing M. Grass carps co-ex-
posed to environmentally relevant concentrations of cypermethrin
and sulfamethoxazole bear immunodeficiency and are vulnerable
to subsequent Aeromonas hydrophila infection. Environ Poll.
2020;266:115156.

43. Das BK, Mukherjee SC. Toxicity of cypermethrin in Labeo ro-
hita fingerlings: biochemical, enzymatic and haematological
consequences. Comparative Biochem Physiol. 2003;134(1):109-
21.

44. Borges A, Scotti LV, Siqueira DR, Zanini R, do Amaral F, Jurinitz
DF, et al. Changes in hematological and serum biochemical va-
lues in jundia Rhamdia quelen due to sub-lethal toxicity of cyper-
methrin. Chemosphere. 2007;69(6):920-6.

45. Jee JH, Masroor F, Kang JC. Responses of cypermethrin-induced
stress in haematological parameters of Korean rockfish, Sebastes
schlegeli (Hilgendorf). Aquacult Res. 2005;36(9):898-905.

20



