
To cite this article: Neuroendocrinol Lett 2016; 37(Suppl. 1):60–66

O
R

I
G

I
N

A
L

 
A

R
T

I
C

L
E

Neuroendocrinology Letters Volume 37 Suppl. 1 2016
ISSN: 0172-780X; ISSN-L: 0172-780X; Electronic/Online ISSN: 2354-4716
Web of Knowledge / Web of Science: Neuroendocrinol Lett
Pub Med / Medline: Neuro Endocrinol Lett

Acute toxicity effect of cypermethrin 
on common carp (Cyprinus carpio)
Alzbeta Stara, Eliska Zuskova, Josef Velisek
Research Institute of Fish Culture and Hydrobiology, Faculty of Fisheries and Protection of Waters, 
South Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses, University of 
South Bohemia in Ceske Budejovice, Czech Republic

Correspondence to: Dipl.-Ing. Alzbeta Stara, PhD.
University of South Bohemia in Ceske Budejovice, Faculty of Fisheries and Protec-
tion of Waters, South Bohemian Research Center of Aquaculture and Biodiversity 
of Hydrocenoses, Research Institute of Fish Culture and Hydrobiology
Zatisi 728/II 389 25 Vodnany, Czech Republic.
tel: +420 383 384 622 ; e-mail: staraa01@frov.jcu.cz 

Submitted: 2016-06-24 Accepted: 2016-10-30 Published online: 2016-12-18

Key words:  pesticide;  fish;  haematology;  oxidative stress;  antioxidants biomarkers;  histology 

Neuroendocrinol Lett 2016; 37(Suppl. 1):60–66 PMID: 28263532 NEL370916A08 © 2016 Neuroendocrinology Letters • www.nel.edu

Abstract OBJECTIVES: The present study aimed to assess the acute effect of cypermethrin 
on common carp (Cyprinus carpio). Evaluation of toxicity effects of cypermethrin 
on carp was performed on based assessment of hematological profile, antioxidant 
and oxidative biomarkers and histopathology. 
METHODS: For testing of toxicity was used the commercial product Cyperkill 25 
EC – CY, which contains 250 g.L–1 of cypermethrin. Carp were exposed to two 
concentrations (1CY – 4.57 μg.L–1 and 2CY – 45.7 μg.L–1) of CY and a control for 
96 hours. 
RESULTS: Significant reduction (p<0.05) in leukocyte count were in fish exposed 
to concentration 45.7 μg.L–1 (2CY). The both exposure of CY lead to significant 
differences (p<0.01) in antioxidants biomarkers (superoxide dismutase, catalase, 
glutathione reductase, reduced glutathione and glutathione S-transferase) and in 
lipid peroxidation in carp tissues. Many of these changes were observed in liver, 
gills, muscle, intestine, brain and kidney. Additionally, exposure to CY caused 
many histological changes in gills, liver and caudal kidney. 
CONCLUSION: Exposure to CY caused hematological, biochemical and histopath-
ological changes in carp. This study provides and complements other important 
results for evaluating the toxicity effect of pyrethroids on fish.
 

Abbreviations: 
96hLC50  - 96 hours median lethal concentration 
CAT  - catalase
CY  - Cyperkill 25 EC
EC  - emulsifiable concentrate
Er  - erythrocyte count 
GC/ECD  - gas chromatograph equipped with an electron 
  capture detector
GPx  - glutathione peroxidase
GR  - glutathione reductase 
GSH  - reduced glutathione
GSSG  - oxidized glutathione
GST  - glutathione S-transferase 
Hb  - hemoglobin concentration

Leuko  - leukocyte count
LPO  - lipid peroxidation
MCH  - mean erythrocyte hemoglobin
MCHC  - mean corpuscular hemoglobin concentration
MCV  - mean erythrocyte volume 
OECD  - the Organisation for Economic Co-operation 
  and Development
oed  – interstitial oedema
PCV  - hematocrit 
ROS  - reactive oxygen species
SD  - standard deviation 
SOD  - superoxide dismutase 
TBARS  - thiobarbituric acid reactive substances 
US EPA  - United States Environmental Protection Agency
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INTRODUCTION
Pyrethroids are synthetic chemicals that are in structure 
very similar to natural pyrethrins that were originally 
found in the flowers of Chrysanthemum cinerariaefo-
lium (Todd et al. 2003). The first pyrethroids were devel-
oped in 1949 in America. They are around twenty times 
more effective at killing insects than DDT without the 
serious environmental or health impacts. In addition 
of the past decade, pyrethroids has increased the use 
chiefly at the expense of declining use of organophos-
phate pesticides in agriculture, which are more acutely 
toxic to birds and mammals than the pyrethroids (US 
EPA 2016). 

Cypermethrin is a highly active insecticide against 
a wide range of pests in agriculture and public health 
which was first marketed in 1977 (WHO 1989). In 
nowadays, cypermethrin is still widely used insecti-
cide, primarily because of its slow resistance in pest and 
slightly to moderately toxicity to mammals and practi-
cally nontoxicity to birds (Aggarwal et al. 2015). On the 
other hand, it is considered to be moderately to very 
highly toxic for aquatic organisms, for example acute 
toxicity 96hLC50 for Diaptomus forbesi is 0.03 μg.L–1 
(Saha & Kaviraj 2008), for carp larvae is estimated from 
0.53 to 1.31 μg.L–1 (Aydin et al. 2005), for carp juve-
nile is 2.91 μg.L–1 (Dobsikova et al. 2006), for rainbow 
trout (Oncorhynchus mykiss) is 3.14 μg.L–1 (Velisek 
et al. 2006) and for Indian major carp (Catla catla L.) 
is 4 μg.L–1 (Tandon el al. 2005). Cypermethrin is very 
rapidly degraded with half-life of about 5 days in river 
water (Kidd & James 1991) and through it is very fre-
quently detected in surface waters, the values that have 
been commonly detected ranged from 0.1 to 194 μg.L–1 
(WHO 1989; Marino & Ronco 2005). 

This study was aimed to broaden knowledge about 
the effect of cypermethrin on fish respectively carp by 
using the hemetological, histological examination and 
determination of the activity of antioxidant biomarkers 
and oxidative damage after acute exposure. This param-
eters are frequently used for detecting or diagnosing 
toxic effects of xenobiotics in fish because they are 
sensitive index to change due to pollutants toxicity and 
constitute important tools in the evaluation of toxico-
logical studies (Ojutiku et al. 2013; Stara et al. 2015).

MATERIALS AND METHODS 
Experimental animals 
The common carp (Cyprinus carpio) were obtained 
from a local commercial hatchery (Vodnany, Czech 
Republic). The fish were one and one half year old 
with a mean total length 22.77±2.12 cm and weight 
175.56±41.79 g. 

Chemical
Commercial pesticides product Cyperkill 25 EC (CY) 
has been used, it contained 250 g.L–1 of active substance 

cypermethrin ([3-[(6-chloropyridin-3-yl)methyl]-1,3-
thiazolidin-2-ylidene]cyanamide). 

Experimental protocol
Seventy two fish were randomly divided into six tanks 
(volume 200 L, aeration) in each 12 fish were for 10 days 
of acclimatization before start of the experiment. After 
acclimatization period fish were exposed in duplicate to 
acute exposure of cypermethrin in concentrations 1CY 
= 4.57 μg.L–1 (10% 96hLC50) and 2CY = 45.7 μg.L–1 
(96hLC50). Simultaneously the control fish were 
observed in the tanks with CY-free water for a period 
96 hours. The trial was performed semi-statically with 
the bath and solution exchange every 12 h. The tested 
CY concentrations were maintained at above 80% of 
the nominal concentration throughout the experimen-
tal exposure. The CY concentrations in water were 
analysed using gas chromatography with electron 
capture detection (GC/ECD) (Mekebri et al. 2008). 
Fish were not fed during the experiment. Behavioural 
changes and the number of dead fish was recorded in 
each concentration each day during the tests. Water 
had dissolved oxygen concentration of 97.5±2.6%, 
temperature 19.7±0.5 °C, pH 7.7±0.5 and light cycle 
was 12L:12D. Basic physical and chemical parameters 
of diluting water were: acid neutralisation capacity – 
ANC4.5 1.10 mmol.L–1, sum of Ca and Mg 8.91 mg.L–1, 
total ammonia 0.03 mg.L–1, NO3– 5.92 mg.L–1, NO2

– 
0.02 mg.L–1, PO43– 0.02 mg.L–1 and CODMn 1.1 mg.L–1. 

After 96h acute exposure 3 fish were randomly 
removed from each tank (6 fish for a group) for hema-
thological assessment and then they were killed for tis-
sues sampling (liver, gills, muscle, intestine, brain and 
kidney) for oxidative stress and antioxidants analysis 
and tissues (liver, gills, and kidney) for the histological 
determination. 

Hematological examination
Blood was sampled from the vena caudalis using hepa-
rinised syringe (Heparin inj., Leciva, Czech Republic) 
at heparin sodium salt concentration of 0.01 mL per 
1 mL blood. The measured indices for evaluation of the 
hematological profile included erythrocyte count (Er), 
hemoglobin concentration (Hb), hematocrit (PCV), 
mean erythrocyte volume (MCV), mean erythro-
cyte hemoglobin (MCH), mean colour concentration 
(MCHC) and leukocyte count (Leuko). The procedures 
were based on unified methods for haematological 
examination of fish by Svobodova et al. (1991). 

Antioxidants biomarkers and oxidative stress parameter
Fish were killed by stunning and exsanguination 
after blood sampling and consequently tissues were 
quickly removed and placed on ice and immediately 
frozen and stored at –80 °C for analysis. Subsequently 
individual frozen samples were weighed and homog-
enized in buffer (100 mg of tissue in 1 mL of buffer) 
for analysis. Samples prepared for determination anti-
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oxidants biomarkers were centrifuged and measured 
spectrophotometrically. Superoxide dismutase (SOD; 
EC 1.15.1.1) activity was determined by the method 
Marklund & Marklund (1974), catalase (CAT; EC 
1.11.1.6) activity was measured by the method Beers 
& Sizer (1952), glutathione reductase (GR; EC 1.6.4.2) 
activity was performed by the method of Carlberg & 
Mannervik (1975), reduced glutathione (GSH) level 
was determined by the method Ellman (1959), and glu-
tathione S-transferase (GST; EC 2.5.1.18) activity was 
carried out according Habig et al. (1974). The level of 
lipid peroxidation was determined without centrifuga-
tion of sample homogenate described by Lushchak et 
al. (2005) used by method thiobarbituric acid reactive 
substances (TBARS). 

Histopathology
Immediately after the killing of fish were also removed 
samples of gills, liver and kidney and were placed into 
the 10% buffered formalin for histological processing. 
After 24 hours of fixation, the tissues were dehydrated 
in graded ethanol and embedded in paraffin. Cut sec-
tions of 5 μm were stained with hematoxylin and eosin, 
examined by light microscopy, and photographed using 
a digital camera.

Ethnical statement
The trial were performed in compliance with institu-
tional guidelines and national legislation by Act. No. 
246/1992 Coll., on the Protection of Animals Cruetly, 
as amended. 

Statistical analysis
Data was expressed as mean ± SD. STATISTICA ver-
sion 12.0 for Windows (StatSoft, Inc.) was used to per-
form the statistical analysis. Kolmogorov-Smirnov and 
Bartlett’s tests were applied to assess data for normal 
distribution and homoscedasticity of variance respec-
tively. One-way ANOVA was used for data with normal 
distribution. In case of non-normal distribution, a non-
parametric Kruskal-Wallis test was performed. The sig-
nificance levels for tests were p<0.05 and p<0.01.

RESULTS 
Fish behaviour
Fish in control trial exhibited normal behaviour and 
none died during the test. Cypermethrin caused 
almost 13% mortality of carp in concentration 1CY 
which corresponds to 10% 96hLC50 and 46% carp 
died in concentration 2CY (96hLC50) during the 96 
hours. Additionally fish at the highest concentration of 
cypermethrin showed a marked change in behaviour 
in comparison to other fish. Hyperactivity and hyper-
ventilation were observed in fish which alternated with 
the attenuation phase, and it was accompanied by jerky 
movements of the body, erratic swimming and fish 
laying on the side. This led to exhaustion of the organ-

ism and the subsequent death of several fish after expo-
sure to a toxic dose.

Hematological examination
The results of the hematological parameters are pre-
sented in the Table 1. The exposure to cypermethrin 
led to significant decrease (p<0.05) in leukocyte count 
in fish exposed to concentration 2CY.

Antioxidants biomarkers and oxidative stress parameter 
The effect of acute exposure to cypermethrin on anti-
oxidant biomarkers and oxidative stress in carp are 
presented in Table 2. Significantly lower (p<0.01) SOD 
activity was observed in fish exposed to both tested 
concentration to CY in liver, gills, intestine and brain. 
The GR activity was significantly lower (p<0.01) in fish 
in both experimental concentrations to CY in gills and 
intestine, GR increases were observed in muscle in fish 
for group 2CY. Exposure to cypermethrin had statis-
tically significant effect (p<0.01) on CAT activity in 
liver in fish from group 2CY and brain in both tested 
concentrations to CY which reduced the CAT activ-
ity and in muscle exposure to 2CY lead to increases 
in this activity compared with control fish. The GST 
activity was significantly lower (p<0.01) in liver in fish 
exposed in both CY tested concentrations and kidney 
in the highest tested concentration 2CY. The higher GR 
activity was detected in gills in fish from the group 2CY 
and in muscle in both tested concentration CY. The 
GSH contents increased in gills and muscle in fish both 
treated groups to CY. The TBARS level was significantly 
(p<0.01) higher in gills and lower in brain only in 2CY 
group compared to the control group. 

Histopathology
Gills of exposed fish were characterized by hyperplasia, 
lamellar fusion, swelling and lifting of epithelial cells. 
The most pronounced pathologies were noticed in the 
group 2CY (Figure 1).

Tab. 1. Hematological parameters in carp (Cyprinus carpio) after 
acute exposure 96 h to Cyperkill 25 EC (CY). 

Indices
Control 

(0 μg.L–1)
1CY

(4.57 μg.L–1)
2CY

(45.7 μg.L–1)

PCV (L.L–1) 0.26±0.03a 0.24±0.03a 0.29±0.05a

Hb (g.L–1) 61.71±10.26a 59.03±8.24a 71.26±15.24a

Er (T.L–1) 1.31±0.27a 1.16±0.28a 1.25±0.34a

MCV (fl) 203.74±25.93a 217.23±69.38a 245±63.67a

MCH (pg) 47.50±5.02a 52.63±10.83a 61.08±22.00a

MCHC (L.L–1) 0.23±0.01a 0.25±0.05a 0.25±0.05a

Leuko (G.L–1) 75.33±20.67a 79.67±27.01a 42.50±16.81b

Data are means ± standard deviation. Different letters in columns 
show significant difference (p<0.05).
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Structure of liver revealed the presence of steatosis in 
all groups. Furthermore, extensive hyperaemia together 
with perivascular oedema were observed in group 2CY 
(Figure 2). The histological changes in caudal kidney 
of exposed groups were represented by focal extensive 
hyperaemia as well as by vacuolisation of tubular epithe-
lial cells. The intensity of described pathologies grows 
with increasing cypermethrin concentration. Moreover, 
focal disintegration of the convoluted tubules was find 
in group 2CY (Figure 3). 

DISCUSSION 
Our results show acute effect of cypermethrin on physi-
ology of carp. We used insecticide product Cyperkill 25 
EC for experiment which is used for killing and con-
trolling a wide spectrum of voracious pests by contact 
with it or such as ingestion poison. 

Behavioural changes are the first visible changes 
during acute poisoning. We observed neural and respi-
ratory changes in carp behaviour which are typical for 
fish exposed to high concentrations of pyrethroids and 
they has been observed in other studies (Borges et al. 
2007; Velisek et al. 2011; Stara et al. 2013, 2015). 

The results of the hematological parameters can be 
useful when evaluating toxic effect in fish. The expo-
sure to cypermethrin lead to significant decrease only 

in leukocyte count in carp exposed to high concen-
tration 2CY. Exposure to pyrethroids has influenced 
hematological responses in several studies. Differences 
in hematological indices after acute exposure to cyper-
methrin observed Dobsikova et al. (2006) in Er, MCV 
and MCH in carp and Ullah et al. (2015) in Er and 
Leuko in mahseer (Tor putitora). Borges et al. (2007) 
had increased MCHC and Hb in jundiá (Rhamdia 
quelen) after sub-lethal toxicity of cypermethrin. On 
the other hand, Velisek et al. (2006) reported no effect 
on the haematological indices after acute exposure of 
cypermethrin to rainbow trout. 

Reactive oxygen species (ROS) are naturally con-
tained in the cells and antioxidant biomarkers main-
taining balance in the ROS production in cells and thus 
protects organism against oxidative damage. On the 
creation and production of these biomarkers may have 
effect mainly changes in the environment in which the 
organism is located (e.g. temperature, pH, food, xeno-
biotics etc.) and can lead to oxidative damage (Rahman 
2007; Stancova et al. 2015). Overproduction of ROS 
were in gills in both tested concentration to CY and 
low production in brain after acute exposure to 2CY. 
Changes in antioxidant biomarkers SOD, CAT, GR, 
GST and GSH in chosen tissues were observed after 
exposure to both tested concentration to cypermethrin. 
Acute exposure to cypermethrin lead to overproduc-

Tab. 2. Activities of antioxidant enzymes and lipid peroxidation in carp (Cyprinus carpio) after acute exposure 96 h to Cyperkill 25 EC (CY). 

Indices Group
Tissues

Liver Gills Muscle Intestine Brain Kidney

SOD 
(nmol NBT.min–1.mg–1 protein)

Control 0.205±0.05a 0.250±0.07a 0.037±0.02a 0.390±0.07a 0.696±0.09a 0.068±0.03a

1CY 0.156±0.07ab 0.214±0.02ab 0.138±0.11a 0.280±0.31b 0.356±0.09b 0.109±0.06a

2CY 0.095±0.02b 0.119±0.04b 0.225±0.31a 0.212±0.04b 0.119±0.02c 0.128±0.08a

GR 
(nmol NADPH.min–1.mg–1 
protein)

Control 0.177±0.06a 0.898±0.23a 0.035±0.03a 0.304±0.10a 0.085±0.03a 0.185±0.10a

1CY 0.166±0.03a 0.471±0.11b 0.039±0.03a 0.111±0.05b 0.063±0.05a 0.318±0.13a

2CY 0.142±0.07a 0.234±0.08b 0.118±0.04b 0.052±0.03b 0.130±0.07a 0.389±0.20a

CAT
(μmol H2O2.min–1.mg–1 protein)

Control 0.520±0.14a 0.077±0.04a 0.134±0.05a 0.119±0.06a 0.030±0.00a 0.521±0.14a

1CY 0.502±0.15a 0.071±0.02a 0.056±0.03b 0.129±0.07a 0.058±0.01b 0.467±0.07a

2CY 0.937±0.15b 0.109±0.01a 0.016±0.00b 0.212±0.03a 0.066±0.02b 0.417±0.06a

GST 
(nmol–1.min–1.mg–1 protein)

Control 1.106±0.14a 0.538±0.07a 0.046±0.01a 0.350±0.05a 0.434±0.05a 0.873±0.11a

1CY 0.939±0.09ab 0.531±0.03a 0.137±0.04b 0.371±0.09a 0.427±0.05a 0.872±0.25a

2CY 0.876±0.09b 0.675±0.04b 0.144±0.04b 0.409±0.11a 0.467±0.05a 0.567±0.09b

GSH
(nmol GSH.mg–1 protein)

Control 49.374±9.56a 15.433±2.40a 5.778±1.21a 17.774±4.43a 18.217±1.59a 41.329±13.17a

1CY 48.791±7.59a 19.856±2.06ab 9.040±1.67b 17.411±4.53a 14.922±4.77a 30.464±19.27a

2CY 43.308±9.68a 20.741±4.51b 10.322±2.62b 14.791±3.13a 14.791±3.13a 20.501±9.21a

TBARS 
(nmol.mg–1 protein)

Control 0.497±0.03a 0.193±0.06a 0.310±0.08a 0.307±0.09a 0.331±0.05a 0.474±0.10a

1CY 0.491±0.03a 0.252±0.02ab 0.336±0.04a 0.366±0.10a 0.323±3.04a 0.464±0.14a

2CY 0.447±0.04a 0.318±0.07b 0.397±0.12a 0.387±0.24a 0.243±0.03b 0.440±0.04a

Data are means ± standard deviation. Different letters in columns show significant difference (p<0.01).
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Fig. 1. Gills of carp (Cyprinus carpio) after acute exposure 96 h to Cyperkill 25 EC (CY). Haematoxylin and eosin, x 400. A – control group; 
B – group 1CY (4.57 μg.L−1); C – group 2CY (45.7 μg.L−1); The asterisks indicate lifting of epithelial cells; The ovals mark hyperplasia of 
basal epithelium resulted up to lamellar fusion; oed – interstitial oedema. 

Fig. 2. Liver of carp (Cyprinus carpio) after acute exposure 96 h to Cyperkill 25 EC (CY). Haematoxylin and eosin, 400x. A – control group; 
B – group 2CY (45.7 μg.L−1); The arrows mark extensive hyperaemic places.

Fig. 3. Kidney of carp (Cyprinus carpio) after acute exposure 96 h to Cyperkill 25 EC (CY). Haematoxylin and eosin, 200x. A – group 1CY 
(4.57 μg.L−1); B – group 2CY (45.7 μg.L−1); See hyperaemc place in oval. The arrows mark vacuolisation of tubular epithelial cells; the 
asterisks indicate disintegrated tissue with destructed tubular epithelium.
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tion of ROS and changes in CAT and GR activities in 
mahseer tissues (Ullah et al. 2014). Early life stages of 
carp which were exposed to concentration 7.2 μg.L–1 
of cypermethrin had lower GPx, GR and GST activi-
ties and lipid peroxidation was not demonstrated after 
35 days (Richterova et al. 2015). Acute exposure of carp 
to zeta-cypermethrin lead to changes in SOD, CAT 
and GR activities, but oxidative damage have not been 
observed (Stara et al. 2013). 

The gills participate in many important functions 
in fish such as respiration, osmoregulation and excre-
tion. Their external location renders them the most 
vulnerable target organ of the contaminants (Robert 
1989; Poleksic and Mitrovic-Tutundzic 1994). Gills of 
carp exposed to CY were characterized by hyperplasia, 
lamellar fusion, swelling and lifting of epithelial cells. 
Such histopathological changes could be therefore con-
sidered as non-specific occurring after fish exposures 
to metals (Martinez et al. 2004), pesticides (Stara et al. 
2015; Stoyanova et al. 2015; Murussi et al. 2016) and 
other chemistry different contaminants.

Fish liver revealed steatosis in all groups and that 
changes could be considered as normal finding because 
fish hepatocytes tend to be more vacuolated and cor-
respond to a relatively higher glycogen and/or lipid 
content. Such vacuolization, is often and especially 
apparent in the livers of captive fishes, where artificial 
feeding and housing conditions cause imbalances in 
energy intake and expenditure (Wolf & Wolfe 2005). 
Similar circulatory and degenerative alterations of liver 
such as vein congestion and glycol/fatty infiltration of 
hepatocytes were reported by Ayoola & Ajani (2008), 
who evaluated cypermethrin toxicity on juvenile Afri-
can catfish (Clarias gariepinus).

Caudal kidney are one of the first organs to be 
affected by contaminants in the water, because they play 
important role in the excretion of harmful substances. 
Despite the findings of Velisek et al. (2009), who has not 
found any changes in the parenchyma of kidney after 
acute exposure to bifenthrin. The present study has 
proved occurrence of several histological alterations in 
the kidney which are results from cypermethrin toxicity 
such focal extensive hyperaemia as well as vacuolisation 
of tubular epithelial cells. 

CONCLUSION 
This study provides and add important information 
about toxic effect of cypermethrin on carp. The chosen 
parameters (behaviour, biochemical, histological) seem 
to be appropriately selected for evaluating the toxic 
effects of pesticide to damage of fish. In conclusion, 
the cypermethrin is toxic for fish in relevantly low 
concentrations and the results are suitable for evaluat-
ing ecotoxicological impact on non-target organisms, 
respectively fish. 
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