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ABSTRACT
The use of insecticides has been increasing along with increasing agriculture activities 
and has caused deleterious environmental impacts. Non-target organisms in particular, 
including fish, are affected by pesticides. In this work, the impacts of cypermethrin 
(CYP) on sperm oxidative stress markers and sperm motility were investigated in vitro. 
The CYP concentrations were 0 μg L-1 control, ethanol), 1.025 μg L-1, 2.05 μg L-1 and 
4.1 μg L-1. Lipid peroxidation [Malondialdehyde (MDA)], non-enzymatic antioxidants 
[glutathione (GSH)] and enzymatic [superoxide dismutase (SOD), glutathione peroxidase 
(GSH-Px) and catalase (CAT)] activities in sperm cells were examined for determination 
of oxidative stress status. Our findings showed that motility and survival of sperm 
cells significantly decreased with exposure to CYP. Biochemical assays revealed that 
CAT activity and levels of MDA and, GSH increased in spermatozoa based on CYP 
concentration while activity of GSH-Px and SOD decreased. Consequently, spermatozoa 
were highly sensitive to CYP exposure. It can be deduced that CYP has the potential to 
disrupt sperm quality and to cause to oxidative stress in sperm cells of S. coruhensis.
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INTRODUCTION
Cypermethrin is a pyrethroid insecticides 
and non-systematic pesticide. It has been  
extensively used in farming activities, forestry,  
household insect control, horticulture, and 
veterinary medicine instead of  organochlorines  
and organophosphorus insecticides.1-4 It 
has been especially used to control multiple 
crop pests.5 In addition, it has been used 
for welfare of  human beings or structural 
pest management.6-9 Especially, aquatic life 
is influenced by toxicological impact of  
CYP.7,10-12 CYP may enter surface to water 
bodies through forest-spraying procedures,  
accidental overspray, agricultural use, runoff   
and drainage.3 As such, aquatic organisms such 
as fish, freshwater mussels and zooplankton 
species are exposed to CYP. 96 h LC50 of  
CYP has been reported within the range  
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of  0.4–2.8 μg L-1 and aquatic invertebrates 
LC50 in the range of  0.01–5 μg L-1.10-13  

Especially, salmon-bearing waterways are 
affected by toxicants.14 Salmonids are sen-
sitive to natural and anthropogenic alterations  
of  their habitats.15 Salmo coruhensis is an 
endemic anadromus fish and only distributed  
in the rivers of  Eastern Black Sea Region.16 
In the present study we used S. coruhensis 
due to the high sensitivity to CYP and the 
endangered status. The results of  this work 
would contribute to reflect the potential risk 
of  pesticide pollution towards endangered 
aquatic organisms.
Sperm motility is the critical functional 
parameter in fish for fertilization success.17,18 
Especially in Salmonids sperm cells are 
immotile in seminal fluid and require to be  
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released into the water in order to become metabolically 
active.18,19 As such Salmonid gametes come into direct 
contact with contaminants20 and negatively affected. 
Besides sperm quality, physiological traits are important 
for monitoring animal health.21 Oxidative stress is one 
of  physiological traits and induced by anthropogenic 
and natural stressors, including pollutants.22 Oxidative 
stress-related biomarkers are used for forecasting and 
explaining interactions between pollutants and envi-
ronmental factors.21,23 Previous studies have shown that 
CYP affects reproductive functions, and may cause 
sperm damage and immobility in different aquatic 
animals.21,24,25 Nevertheless the impact of  CYP on the 
endangered trout Salmo coruhensis male gametes has not 
yet been analyzed. For these reasons, the present study 
focused on short-term (2 h) in vitro exposure of  sperm 
cells of  S. coruhensis to CYP. The markers lipid peroxida-
tion levels (MDA), non-enzymatic antioxidants (GSH) 
and enzymatic antioxidant activities (SOD, GSH-Px and 
CAT) were measured along with sperm motility.

MATERIALS AND METHODS
Ethics statement

All experiments were conducted according to the principles  
of  the Ethics Committee for the Protection of  Animals 
in Research of  the University of  Karadeniz Technical 
University (Protocol No: 2016/36).

Chemicals

Cypermethrin (C22H19Cl2NO3) with a purity of  99.5%  
was purchased from the Sigma Chemical Company  
(St. Louis, MO, USA). All other reagents were purchased 
from Sigma–Aldrich (St. Louis, MO).

Fish handling and sperm collection

Six mature endangered trout males (weight: 1557.89±0.22 g,  
length: 44.16±3.12 cm) were randomly selected from a  
broodstock at natural photoperiod (14L:10D) (November,  
2016) in Altındere Fish Production Station Meryemana  
Stream, Trabzon, Turkey (40º75’02.73” N-39º62’96.52”W)  
for sperm collection. Water temperature and dissolved 
oxygen were 5.0±1ºC and 8.6±0.2 mg L-1, respectively.  
After the fish were anesthetized in 0.6 mL L-1 2-phenoxy-
ethanol, sperm samples were collected through abdominal  
massage and the initial male ejaculate was discarded and 
the external urogenital pore was wiped dry with paper 
towel to avoid seawater, urine, and feces contamination.  
Sperm samples were kept on crushed ice until use.  
Spermatozoa concentration was evaluated using a hae-
mocytometer (0.1 mm depth).

Sperm dilution and exposure

CYP concentrations used in this study were 0 μg L-1 
(control, ethanol), 5 μg L-1, 10 μg L-1 and 15 μg L-1. CYP 
was dissolved in methanol (1000 μg mL-1) and diluted 
with distilled water to obtain a stock solution of  0.1 g L-1.  
The pooled sperm (N=6) was then diluted in immobili-
zation medium (NaCl, 103 mmol L-1; KCl, 40 mmol L-1;  
CaCl2, 1 mmol L-1; MgSO4, 0.8 mmol L-1; HEPES,  
20 mmol L-1; pH 7.8) to obtain a sperm density of   
6×108 cells mL-1. In brief  the pooled samples were 
exposed for 2 h to CYP. Each experiment condition was 
performed in triplicate.

Spermatozoon motility

The percentage and duration of  motile spermatozoa 
were determined following a two-step dilution after 
the sperm was exposed to CYP in the immobilization 
medium. Immediately, this was followed by a second 
five-fold dilution in an activation medium (45 mM NaCl,  
5 mM KCl, 30 mM Tris–HCl, pH 8.2).26 For determina-
tion of  spermatozoa motility and duration, analysis was 
performed in triplicate for each sample. The percentage 
and duration of  motile spermatozoa were immediately 
recorded for 1 min after activation. The percentage of  
spermatozoa motility and duration of  sperm samples 
were assessed for the motility parameters using a light 
microscope with a digital image processing software 
connected to the computer (Eclipse E50; Nikon Corpo-
ration, Tokyo, Japan). The motility rate was determined 
as the cell performing progressive forward movement, 
while motility duration was assessed as the time until 
forward movement stops.

Lipid peroxidation and antioxidant enzyme activity

Pooled sperm samples were centrifuged at 3000×g at 4°C 
for 10 min in a LD5-2B centrifuge (Beijing Shiningsun 
Technology, Japan) and the sperm pellet was placed in 
an ice bath and resuspended in KCl (1.15% W/V) at the  
1:10 ratio. For evaluation of  lipid peroxidation, thiobar-
bituric acid reacting substances method (TBARS) was 
used as described by Placer et al.27 on a spectrophotometer  
(UV-1800 UV-VIS, Shimadzu, Japan) at 532 nm. MDA 
values expressed as nmol g-1 sperm cells. SOD enzyme 
activity was determined by the method of  Sun et al.28 
on a spectrophotometer at 560 nm and expressed as 
U/mg protein. GSH-Px activity was assessed by the 
method of  Matkovics et al.29 In brief  GSH-Px activity 
was determined by cumene hydroperoxide and reduced  
glutathione (GSH) as co-substrates and the loss of  GSH 
following enzymatic reaction at 37°C was measured 
spectrophotometrically with Ellman’s reagent at 412 nm.  
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The activity was expressed as and expressed as unite per 
mg of  protein (U g-1 protein) per 108 cells. CAT activity  
was assessed by the method of  Aebi30 on a spectropho-
tometer at 240 nm. CAT activity was expressed as kat 
g-1 protein per 108 cells. Reduced glutathione (GSH) was 
assayed by the method of  Chavan et al.31 and expressed 
as μmol GSH g-1 sperm cells. The method is based 
on the capacity of  sulfhydryl groups present in whole 
blood to react with 5, 5’-dithiobis-(2-nitrobenzoic acid)  
and form a yellow dye with maximum absorbance at 412 nm.  
The protein content in spermatozoa was measured by 
method of  Lowry et al.32 All antioxidant activity data 
were obtained in triplicate for each pooled sample.

Data presentation and statistical analysis

All measurements were conducted in triplicate. Statistical 
analysis were performed using SPSS 14.0 software and 
values were reported as mean±SD. ANOVA (one-way)  
with Duncan post hoc tests was used for assessment  
differences among groups. Normality and homogeneity 
of  variance were confirmed prior to analysis. Data was 
subjected to a Student–Newman–Keuls post-hoc test 
for homogenous subsets. The level of  significance was 
set as 0.05.

RESULTS
Motility rate and survival of  sperm cells of  fresh semen 
were 98.38±2.5% and 43.94±4.0 s, respectively. Motility 
and survival of  sperm cells are shown in Figure 1. CYP 
significantly decreased motility and survival of  sperm 
cells of  S. coruhensis (P < 0.05). In the control, 90.3% of  
spermatozoa were motile while 40.6% were motile at 
20.33 s post-activation in the group exposed to 4.1 µg L-1  
of  CYP.
Lipid peroxidation (MDA), non-enzymatic (GSH) and  
enzymatic (SOD, GSH-Px and CAT) activities are  
presented in Figure 2. A significant effect of  CYP on  
oxidative stress indicators was observed. MDA, an  
indicator of  antioxidant activity in fish spermatozoa, 
increased upon exposure to CYP at 4.1 µg L-1 and  

greater. Our data showed that MDA (P= 0.455, P < 0.05),  
CAT (P= 0.036, P < 0.05), GSH (P= 0.013, P < 0.05) and  
levels of  endangered trout (S. coruhensis) spermatozoa 
were increased by CYP and, GSH-Px (P= 0.043, P < 0.05)  
while SOD activity decreased (P= 0.043, P < 0.05).

DISCUSSION
To date, studies have been conducted on some aspects 
of  reproduction in Atlantic salmon (Salmo salar L.),25 
reproductive behaviour of  S. trutta,22 histological 
changes in gonadotrophic cells, liver, gonads, plasma 
levels of  estradiol-17b and 11-ketotestosterone, and 
sperm motility in Heteropneustes fossilis.26 haemoglobin 
and haematocrit of  Capoeta capoeta capoeta33 oxidative 
status in different tissues and erythrocytes of  Channa 
punctata and Unio elongatulus eucirrus.12,34 In studies about 
effect of  CYP on oxidative status in tissues, it was 
determined that oxidative stress-related markers were 
influenced by CYP. In vitro sperm exposure helps in 
determination of  direct damage of  the gametes.35 The  
consequences of  CYP exposure on oxidative stress-related 
biomarkers of  S. coruhensis spermatozoa have not been 
previously reported. A few studies have evaluated the 
effects of  toxicants on spermatozoa of  trout.21,36 Only a  

Figure 1: in vitro effects of CYP on spermatozoa a) motility  
rate (%) and b) motility duration (s) in Salmo coruhensis 

(n=6). Data are presented as means±SD. Superscript letters 
indicate significant differences among samples at the same 

time post-activation (P < 0.05).

Figure 2: Effect of CYP on (A) SOD, (B) GSH-Px, (C) MDA, (D) 
GSH and (E) CAT of spermatozoa in Salmo coruhensis (n=6). 
Data are presented as means±SD. Superscript letters indicate 
significant differences among samples at the same time post-

activation (P < 0.05).
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study has been examined toxic impact of  CYP on  
spermatozoa of  rainbow trout by Kutluyer et al.36 In the 
study, it has been reported that reactive oxygen species-
related stress were induced by pesticides after exposure  
to concentrations of  CYP from 1.025 to 4 µg L-1.  
In agreement with the previous studies noted above, our  
results indicated that Malondialdehyde (MDA as indicator  
of  lipid peroxidation and the oxidative damage products)  
increased in sperm cells. It can be explained by excessive  
production of  reactive oxygen substances (ROS) and 
highly susceptibility to lipid peroxidation (LPO) of  
spermatozoa. Since spermatozoon cell membranes have 
polyunsaturated fatty acids (PUFA) at high concentra-
tions. Oxidative defensive enzymes activities (SOD and 
GSH-Px) in spermatozoa were inadequate for prevent  
cellular damage in this study. Transition of  superoxide  
anion (O2

−) to hydrogen peroxide (H2O2) might be  
insufficient due to decrease in SOD activity for protection  
from oxidative damage.37 The current study showed 
that CAT activities and GSH increased in sperm cells.  
Since GSH is the main non-protein thiol and preservative  
antioxidant agents against lipid peroxidation and,  
directly participated in the neutralization of  ROS.38-39 In 
addition, this increment might be related with defending  
against oxidative stress-induced toxicity based on 
decrease in SOD and GSH-Px. 
Sperm motility is one of  sperm quality parameters and 
important for successful fertilization and hatching. In 
past decade, studies about determination of  sperm 
motility in toxicity test have been conducted due to be 
easy and rapid of  assessment and analysis. Studies have 
been conducted about impact of  toxicants on sperm 
motility of  different fish species (Salmo trutta fario, Cypri-
nus carpio, Acipenser ruthenus, Heteropneustes fossilis, Rutilus 
frisii kutum, O. mykiss).21,26,36,40-48 In these studies about 
fish sperm, it has been reported lower spermatozoon 
motility with exposure to different pesticides. Singh and 
Singh26 stated that sperm motility and duration of  Hetero-
pneustes fossilis were influenced by CYP and 1 ppm was 
lethal on sperm motility. They suggested that decrease 
of  sperm motility might be owing to inhibition of  ATP 
synthesis in mitochondria. Kutluyer et al.36 determined 
that sperm quality of  rainbow trout decreased in a dose-
dependent manner by CYP. They were determined that 
motility and duration were decreased after exposure to 
concentrations of  CYP from 1.025 to 4 µg L-1. Consis-
tent with these studies, motility rate and duration signifi-
cantly decreased with increasing CYP concentrations in 
present study. This may be explained by rupture of  the 
cell membrane and cell apoptosis and, destroying the 
functional integrity of  the axosome and mitochondria 
of  the sperm cells as a consequence of  LPO.49 

CONCLUSION
Consequently, our results clearly demonstrated that an 
exposure to sub-lethal insecticide concentrations can 
impair sperm quality of  endangered trout. Biochemical 
assays revealed that a defensive response increased for 
preventing lipid oxidation. Additionally, low doses of   
CYP for endangered trout significantly influenced  
percentage and duration of  motile sperm cells. Based 
on these results, fish sperm for in vitro assays can be used 
due to be practical, cheap and quick for defining the 
range of  concentration allowed in natural ecosystems.
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SUMMARY

• Motility rate and duration of spermatozoa signifi-
cantly decreased with exposure to cypermethrin. 

• GSH-Px activity of spermatozoa increased signifi-
cantly. 

• MDA, CAT and GSH and levels of endangered 
trout (S. coruhensis) spermatozoa were increased 
by CYP and, while GSH-Px and SOD activity 
decreased.
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