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ABSTRACT

The present study was designed to assess the impact of cypermethrin, a type 2 synthetic pyrethroid
insecticide on blood glucose and urea levels of Heteropneustes fossilis. Fishes were subjected to sub-
lethal concentration (0.96 pg/L) of cypermethrin 10% emulsified concentration for 24 h, 48 h, 72 h and
96 h. There was a significant increase (p<0.05) in blood glucose and urea levels of cypermethrin
exposed fishes compared with the control group. Therefore, proper care should be taken to minimize
the contamination of freshwater bodies while spraying insecticides.
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Introduction

Synthetic pyrethroids are insecticides that have
been introduced over the past two decades for
agricultural and domestic use (Sanchez-Fortun and
Barahona, 2005). These chemicals are potentially
more toxic to fish and other aquatic organisms and
are list toxic to mammals. Owing to the excessive
use of synthetic pyrethroids, the environment and
water resources are being polluted, thus endangering
aquatic life directly and human life indirectly (Hill,
1989). Due to their lipophilicity, pyrethroids have a
high rate of gill absorption even when present at very
low concentrations in the water. This in turn is a
contributory factor to the sensitivity of the fish to
aqueous pyrethroid exposures, because fish seem
unable to metabolize the pyrethroids efficiently (Viran
et al, 2003). Cypermethrin is a type of
cyanophenoxy-benzyl pyrethroid and is categorized
as restricted use pesticide (RUP) by United States
Environmental Protection Agency (USEPA),
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because of its high toxicity to fish (Extension
Toxicology Network, 1996). It is used to control pests
of cotton, fruits and vegetable crops (Pedigo, 1996).
The excess use of this pesticide may enter into
natural waters through agricultural run-off and
ultimately cause damage to non-target organisms
such as fish. (Prashanth and Neelagund, 2008; Singh
et al., 2010). The freshwater catfish Heteropneustes
fossilis is widely cultivated in rice fields, swamps and
derelict water bodies (Chondar, 1999) and is thus
frequently exposed to agricultural runoff. Fish
mortality may occur because of the use of
cypermethrin in normal agricultural practice (Shires,
1983).

Blood is a pathophysiological reflector of the
whole body, and therefore, blood parameters are
important in diagnosing the structural and functional
status of fish exposed to toxicants (Adhikari et al.,
2004). Changes in the biochemical blood profile
indicate alterations in metabolism and biochemical
processes of the organism, resulting from the effects
of various pollutants and they make it possible to
study the mechanisms of the effects of these
pollutants (Luskova et al., 2002). Changes in
macromolecules like glycogen, protein and lipid are
considered to be sensitive indicators of pesticides
stress (Peter, 1973). Hence, the present study an
attempt has been made to study the effects of
cypermethrin on blood glucose and urea levels,
selecting H. fossilis as an experimental model
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Material and Methods

Animals:

Healthy and sexually matured living fishes of
length 17-20cm and weight 24-35g were procured
from a local fish farm in Guwahati, Assam and
disinfected in 0.1% solution of potassium
permanganate for 5 minutes to avoid dermal
infection. The fishes were allowed to acclimate in a
glass aquarium in the laboratory for one month. The
water of the aquarium was changed daily. Fishes
were fed daily with commercial dry feed pellets
(Tokyo pellets). The feeding was discontinued 24h
prior to exposure. Commercial grade cypermethrin
(10%EC) of liquid formations manufactured by United
Phosphorus Ltd. was purchased from local agro-
chemical stores.

Study design:

Twenty healthy acclimatized fishes were divided
into two groups and were transferred to two separate
aquaria (size 75 X 45 X 45 cm) of which one with 10
fishes served as control containing only tap water
while the other with 10 fishes containing 0.96ug/L of
Cypermethrin 10% EC referred as test group. The
test water was changed every other day during the
experimentation and proper oxygenation in the test
solution was ensured. The experiments were
conducted for 24h, 48h, 72h and 96h to study the
short-term exposure effects and each treatment
experiment was repeated for 7 times.

Biochemical analysis:

Blood samples were taken from the caudal vein of
fish as described by Congleton and La Voie (2001).
The blood was collected in anticoagulant-free
centrifuge tubes. Serum was obtained by
centrifugation of blood at 3000 rpm for 10min. Levels
of glucose and urea in the serum samples were
analyzed in semi automatic biochemical analyzer
“Lablife ChemMaster” using Biosystem Kits.

Statistical anaylsis:

Student’'s t-test was used to analyze the
statistical significance between the control and
cypermethrin exposed fishes.

The blood glucose of cypermethrin exposed H.
fossilis were significantly (p<0.05) increased from
their corresponding control groups. In the control
group the blood glucose was found within the range
of 50.24 £ 2.46 mg/100ml to 51.37 = 2.51mg/100ml
while in the cypermethrin exposed group it was found
to increase from 69.26 + 2.41mg/100ml to 101.15+
2.03mg/100ml of blood with increase of the exposure
periods (Table-1.; Figure-1).
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Table-1. Blood glucose of control and
cypermethrin exposed Heteropneustes fossilis
expressed in mg/100ml of blood

Exp_osure Control Cypermethrin

Periods exposed

24 h 50.24+ 2.46 69.26 + 2.41*

48h 51.37+2.51 83.29 + 1.36*
51.10 +

72h 273 95.24 + 2.49*

96h 50.45+ 3.22 101.15 + 2.03*

Values are means + SD of 7 observations.
Significant differences are indicated by asterisks *
(p<0.05).

Figure-1. Blood glucose of control and
cypermethrin exposed Heteropneustes fossilis
expressed in mg / 100ml of blood
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The blood urea of cypermethrin exposed H.
fossilis were significantly (p<0.05) increased from
their corresponding control groups. The blood urea in
the control group of fishes was found within the range
of 3.97 £ 0.11mg/100ml to 4.05 = 0.10mg/100ml of
blood whereas in the cypermethrin exposed group it
was found to increase from 5.16 + 0.68mg/100ml to
10.29 + 0.89mg/100ml of blood with increase of
exposure periods (Table-2.; Fig-2).

Table-2. Blood Urea of control and cypermethrin
exposed Heteropneustes fossilis expressed in
mg/100ml of blood

Exppsure Control Cypermethrin
Periods exposed
24 h 4.04+0.31 5.16 + 0.68*
48h 3.97+£0.11 6.18 £ 0.67*
72h 4.05+0.12 8.01 + 0.63*
96h 4.05+ 0.10 10.29 + 0.89*

Values are means + SD of 7 observations .
Significant differences are indicated by asterisks *
(p<0.05)
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Figure-2. Blood Urea of control and cypermethrin
exposed Heteropneustes fossilis expressed in

mg/100ml of blood
*
96h

Increase of blood glucose in the present study
might be resulted from disruption in carbohydrate
metabolism, possibly due to enhanced glucose 6-
phosphatase activity in liver, elevated breakdown of
liver glycogen or the synthesis of glucose from extra
hepatic tissue protein and amino acids. Raja et al.
(1992) suggested that the increase in blood glucose
by pesticide treatment might indicate disrupted
carbohydrate  metabolism due to enhanced
breakdown of liver glycogen, possibly mediated by
increase in adrenocorticotrophic and glucagon
hormones and / or reduced insulin activity. Similar
observations were reported in Labeo rohita (Das and
Mukharjee, 2003), Sebastes schlegeli (Jee et al.,
2005) and Oreochromis niloticus (Firat et al., 2011)
exposed to cypermethrin.

Hyperglycaemic response is an evidence of stress
due to cypermethrin. Stress is an energy demanding
process and the animal mobilizes energy substrates
to cope with stress metabolically (Vijayan et al.,
1997). Glucose is one of the most sensitive indices of
the stress state of an organism; its high concentration
in blood indicate that the fish is in stress and it is
intensively using energy reserves i.e. glycogen in
liver and muscles (Vosyliene, 1999; Sunil Kumar Guru,
Rajesh Behera and Milan Kumar Behera, 2014). The
stress hormone cortisol has been shown to increase
glucose production in fish, by both gluconeogenesis
and glycogenolysis and likely play an important role
in the stress associated increase in plasma glucose
concentration (lwama et al., 1999). In the present
study, glucose levels might elevate to cope with the
increased energy demand during pesticide induced
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stress, which is an important pathway for the
recovery from stress. Increased in the glucose levels
were reported in Prochidolus lineatus (Martinez et al.,
2004) and Oreochromis niloticus (Monteiro et al.,
2005) in response to lead and copper respectively.
Borges et al. (2007) suggested that cypermethrin
induced hyperglycemia in Rhamdia quelen is likely to
be a sign of stress. Similar result was reported by
Ansari and Kumar (1988) in Heteropneustes fossilis
exposed to cypermethrin. The findings of the present
study are in close consortium with the above
observations.

The significant increase of blood urea in
cypermethrin exposed fishes for all exposure periods
might be inadequate excretion due to kidney damage
or excessive protein breakdown due to toxic stress.
Goel et al. (1984) suggested that the increase in
blood urea in Clarias batrachus exposed to alachrol
toxicity was possibly due to the anomalies in kidney
functioning. Similar observation was reported by
Sharma (1989) and Himansu Bhusan Mahananda (2014)
in Clarias batrachus induced to lithium. Jyothi and
Narayan (2000) reported that the increase in blood
urea in Clarias batrachus exposed to phorate could
be due to reduction in the protein content. Jayantha
et al. (1984) who recorded same observation in
Tilapia mossambica exposed to phosphamidon
suggested protein degradation or biochemical
transformation of protein, nitrogen into other
nitrogenous products.

Sivaramakrishna and Radhakrishnaih (1998)
observed an increase in blood and liver urea level in
Cyprinus carpio exposed to mercury. They ascribed it
to part of excess ammonia converting into less toxic
urea in the liver during active operation of urea-
ornithine cycle. Similar results were described by
Venkataramana et al. (2005) in fish Glossogobius
giuris exposed to malathion and Kumar et al. (2012)
in Channa punctatus exposed to lambda-cyhalothrin,
REEVA-5. Increase in blood urea was also reported
by Philip and Rajasree (1996) and David et al. (2004)
in Cyprinus carpio and Kumar et al. (2011) in
freshwater fishes exposed to cypermethrin and
Balasubramaniam and Kumar (2013) in
Heteropneustes fossilis induced to sodium arsenate.

From the present study it is obvious that exposure
of fishes to cypermethrin produces degraded
metabolic changes which make them less fit for
survival. This in turn will affect the fecundity of the
fish population and also other organisms including
human beings through food chain.

Biolife | 2015 | Vol 3 | Issue 3



Chandralekha Deka and K Dutta

Conflict of Interests:

The authors declare that there is no conflict of
interests regarding the publication of this paper.

1. Adhikari, S., Sarkar, B., Chatterjee, A., Mahapatra,
C. T. and Ayyappan, S. (2004). Effects of
cypermethrin and carbofuran on certain hematological
parameters and prediction of their recovery in a
freshwater teleost, Labeo rohita (Hamilton). J. Ectox.
Environ. Saf. 58(2): 220-226.

2. Ansari, B. A. and Kumar, K. (1988). Cypermethrin
toxicity: Effect on the Carbohydrate metabolism of the
Indian Catfish, Heteropneustes fossilis. J. Sci. Total
Environ., 72:161-166.

3. Balasubramaniam, J. and Kumar, A. (2013). Study
of arsenic induced alteration in renal function in
Heteropneustes fossilis, and it's chelation by zeolite. J.
Adv. Biores., 4(3): 08-13.

4. Borges, A, Scotti, L.V., Siqueira, D. R., Zanini, R.,
Amaral, F., Jurinitz, D. F., Wassermann G. F.
(2007). Changes in hematological and serum
biochemical values in jundid Rhamdia quelen due to
sub-lethal toxicity of cypermethrin. J. Chemosphere.,
69:920-926.

5. Chondar, S. L. (1999). In Biology of Finfish and
Shellfish. SCSC Publishers (India), Howrah,West
Bengal, India. p. 514.

6. Congleton, J. L., La Voie, W. J. (2001). Comparison
of blood chemistry values for samples collected from
juvenile Chinook salmon by three methods. J. Aquat.
Anim. Health., 13:168-172.

7. Das, B. K., Mukherjee, S. C. (2003). Toxicity of
cypermethrin in Labeo rohita fingerlings: biochemical,
enzymatic and haematological consequences. J.
Comp. Biochem. Physiol., 134(C) : 109-121.

8. David, M., Mushigeri, S. B., Shivakumar, R., Philip,
G. H. (2004). Response of Cyprinus carpio (Linn.) to
sublethal concentration of cypermethrin: alterations in
protein metabolic Profiles. J. Chemosphere. 56: 347-
352.

9. ETN (Extension Toxicology Network) (1996).
Pesticide information profile, revised, available at
http://www.extoxnet.orst.edu/pips/ cypermeth.htm
accessed 10th July, 2007.

10. Firat, O., Cogun, H. Y., Yuzereroglu, T. A., Goak, G.,
Firat, O., Kargin, F., Kotemen, Y. (2011). A
comparative study on the effects of a pesticide
(cypermethrin) and two metals (copper, lead) to serum
biochemistry of Nile tilapia, Oreochromis niloticus. J.
Fish. Physiol. Biochem. 37: 657-666.

11. Goel, K. A., Kalpana, Sandhya and Agarwal, V. P.
(1984). Alachlor toxicity to a freshwater fish Clarias
batrachus. J. Curr. Scien . 53(19): 1051

12. Hill, J. R. (1989). Aquatic organisms and pyrethroids.
J. Pestic. Sci. 27: 429-465.

13. Himansu Bhusan Mahananda (2014). Alterations in
some haemato-bio-chemical parameters of a fresh
water, air breathing fish, Channa punctatus (Bloch)
under the stress of chronic, sub-lethal dose of nickel.
Biolife, 2(4);1392-1397.

720 | © 2015 Global Science Publishing Group, USA

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

Copyright@2015

lwama, G. K., Vijayan, M. M., Forsyth, R. B,
Ackerman, P. A. (1999). Heat shock proteins and
physiological in fish. Am Zool. 39:901-909

Jayatha, R. K., Md. Azhar, B. and Ramamurthy, K
(1984). Effect of systemic pesticides phosphamidon on
some aspects of freshwater fish, Tilapia mossambica.
Indian J. environ. Hith. 26(1): 60

Jee, J. H., Masroor, F., Kang, J. C. (2005).
Responses of cypermethrin-induced stress in
haematological parameters of Korean
rockfish, Sebastes schlegeli (Hilgendorf). Aquac.
Res. 36:898-905.

Jyothi, B. and Narayan, G. (2000). Pesticide induced
alterations of non- protein nitrogenous constituents in
the serum of a freshwater catfish, Clarias batrachus
(Linn.). J. Indian J Exp Biol. 38: 1058-1061.

Kumar, A., Sharma, B., Pandey, R. S. (2011).
Cypermthrin  induced alterations in  nitrogen
metabolisms in freshwater fishes. J. Chemosphere.
83:492-501.

Kumar, A., Sharma, B., Pandey, R. S. (2012).
Alterations in nitrogen metabolisms in freshwater
fishes, Channa punctatus and Clarias batrachus,
exposed to a commercial-grade A-cyhalothrin, REEVA-
5. J. Int J Exp Pathol. 93(1): 34-45.

Luskova, V., Svoboda, M., Kolarova, J. (2002). The
effects of diazinon on blood plasma biochemistry in
carp (Cyprinus carpio L.). J. Acta Vet Brno. 71: 117-
123.

Martinez, C. B. R., Nagae, M. Y., Zaia, C. T. B. V.,
Zaia, D. A. M. (2004). Acute morphological and
physiological effects of lead in the Neotropical
fish, Prochidolus lineatus. Braz J Biol. 64:797-807.
Monteiro, S. M., Mancera, J. M., Fernandes, A. F.,
Sousa, M. (2005). Copper induced alterations of
biochemical parameters in the gill and plasma
of Oreochromis niloticus. Comp Biochem
Physiol. 141C:375-383.

Pedigo, L. P. (1996). Entomology and Pest
management. New Delhi, Prentice Hall. p- 688.

Peter, M. (1973). Metabolism of carbohydrates.
Review of physiological chemistry. Ed. By Harpen H.
A. Large Medical Publication, 14th Edn: 232-267.
Philip, G. H., Rajasree, B. H. (1996). Action of
cypermethrin on tissue transamination during nitrogen
metabolism in Cyprinus carpio. J. Ecotoxicol. Environ.
Saf. 34: 174-179.

Prashanth, M. S. and Neelagund, S. E. (2008).
Impact of cypermethrin on enzyme activities in the
freshwater fish Cirrhinus mrigala (Hamilton). J.
Caspian. J. Env. Sci. 6(2): 91-95

Raja, M., Al-Fatah, A., Ali, M., Afzal, M., Hassan, R.
A., Menon, M., Dhami, M. S.(1992). Modification of
liver and serum enzymes by paraquat treatment in
rabbits. Drug Metab Drug Inter. 10: 279-291.
Sanchez-Fortun, S., Barahona, M. V. (2005).
Comparative study on the environmental risk induced
by several pyrethroids in estuarine and freshwater
invertebrate organisms. J. Chemosphere. 59: 553—
559.

Sharma, S. D. (1989). Haematochemical adversities in
Clarias batrachus induced by lithium. Indian journal
environ Hith. 31(4): 354.

30. Shires, W. S. (1983). The use of small enclosures to

assess the toxic effect of cypermethrin on fish under
field condition. J. Pestic. Sci. 14: 475-480.

Biolife | 2015 | Vol 3 | Issue 3



Chandralekha Deka and K Dutta

31.

32.

33.

34.

35.

36.

37.

38.

Singh, K. S., Singh, S. K. S. and Yadav, R. P.
(2010). Toxicological and biochemical alterations of
cypermethrin (Synthetic pyrethroids) gainst freshwater
teleost fish Colisa fasciatus at different seasons. J.
World J. Zoology. 5(1): 25—-32.

Sivaramakrishna, B. and Radhakrishnaiah, K.
(1998). Impact of subleythal concentration of mercury
on nitrogen metabolism of the freshwater fish,
Cyprinus carpio (Linn.). J. Enviorn Biol. 19(2): 111
Sunil Kumar Guru, Rajesh Behera and Milan
Kumar Behera. (2014). Fluoride induced alterations in
erythrocyte and related parameters of an Air-breathing
fish, Channa punctatus (Bloch). Biolife, 2(4);1371-
1375.

United States Environment Protection Agency
U.S.E.P.A. (1989). Pesticide fact sheet 199:
Cypermethrin.  Office of pesticides and toxic
substances, Washington, D.C.

Venkataramana, G. V., Sandhyarani, P. N., Nadoni,
N. D. and Murthi, P. S. (2005). Effect of malathion
and temperature combination on blood glucose and
urea levels of gobiid fish Glossogobius giuris (Ham).
J. J Ind Pollut Contr. 21(2): 285-292.

Vijayan, M. M., Cristina, P. E., Grau, G., Iwama, G.
K. (1997). Metabolic responses associated with
confinement stress in tilapia: the role of cortisol.
J. Comp Biochem Physiol. 116C: 89-95.

Viran, R., Erkog, F. U., Polat, H., Kogak, O. (2003).
Investigation of acute toxicity of deltamethrin on
guppies Poecilia reticulata. J. Ecotoxicol Environ Saf.
55: 82-85

Vosyliene, M. Z. (1999). The effects of heavy metals
on haematological indices of fish. J. Act Zool Lit
Hydro. 9:76-82.

DOI: https://dx.doi.org/10.5281/zenodo.7294567
Received: 8 July 2015;

Accepted; 24 August 2015;

Available online : 7 September 2015

721 | © 2015 Global Science Publishing Group, USA

Copyright@2015

Biolife | 2015 | Vol 3 | Issue 3



