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We investigated apoptotic effects and changes in glucose-6-phosphate dehydrogenase (G6PD) enzyme
activity in liver and gill tissues of fish exposed to chlorpyrifos. Three different chlorpyrifos doses (2.25, 4.5
and 6.75 pg/L) were administrated to rainbow trout at different time intervals (24, 48,72 and 96 h). Acute
exposure to chlorpyrifos showed time dependent decrease in G6PD enzyme activity at all concentrations
(p<0.05). Immunohistochemical results showed that chlorpyrifos caused mucous cell loss in gill tissue
and apoptosis via caspase-3 activation in fish. The present study suggested that chlorpyrifos inhibits
G6PD enzyme and causes mucous cell loss in gill and apoptosis in gill and liver tissues.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Environmental pollution caused by pesticides has been increas-
ing due to their extensive usage in agriculture and they have
harmful effects on the aquatic population, especially fish (Xing
etal.,,2012a,b; Mishraand Devi,2014). These pollutants has become
amatter of great concern over the last few decades not only because
of the threat to public water supplies but also with the damage
caused to the aquatic life (Koca et al., 2005). Chlorpyrifos is one of
organophosphorous pesticide which is used to control pests asso-
ciated with fruit, nut and vegetables in agriculture and it is the
most common agrochemical of aquatic environment (Bernet et al.,
1999; Wang et al., 2013). Chlorpyrifos has become environmental
contaminant because of the widespread use as the most popu-
lar pesticide in the world and has led to serious environmental
problems (Fu et al., 2013). Several studies have been reported that
chlorpyrifos has harmful effects in different fish species includ-
ing neurotoxicity via inhibition of acetylcholinesterase (Kokushi
et al., 2013), biochemical and histopathological alterations (Xing
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etal., 2012a,b), oxidative stress (Xing et al., 2012a; Kavitha and Rao,
2008), genotoxicity (Ali et al., 2009). Therefore, chlorpyrifos pesti-
cide poses a serious threat for the health of humans and aquatic
organisms. Thus, it is necessary to investigate the effects of this
pesticide pollution on fish to protect the ecological balance and
human health (Xing et al., 2012b).

G6PD (D-glucose-6-phosphate: NADP +oxidoreductase EC
1.1.1.49; G6PD) is the first enzyme of the pentose phosphate
metabolic pathway which is found in the cytosol and in per-
oxisomes of cells (Frederiks and Vreeling-Sindelarova, 2001;
Beydemir et al.,, 2003). It catalyzes the conversion of glucose
6-phosphate to 6-phosphogluconate (Ciftci et al., 2007). The most
important function of this enzyme is the production of ribose
5-phosphate and NADPH which are necessary for membrane lipids
synthesis, reductive and nucleic acid synthesis (Kuo et al., 2000;
Ceyhun et al., 2010). In addition, NADPH is a coenzyme which
is involved in the synthesis of some amino acids, fatty acids and
steroids, protecting the cells against the oxidant and detoxification
of xenobiotics through the glutathione reductase-peroxidase
system (Ceyhun et al., 2010; Guler et al., 2013).

Apoptosis is a physiological cell death, defined by internu-
cleosomal DNA fragmentation, chromatin condensation, cellular
shrinkage and membrane blebbing resulting in the formation of
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apoptotic bodies (Monteiro et al.,2009). Apoptotic cell death occurs
in two different pathways; extrinsic or the receptor apoptotic path-
way and intrinsic or the mitochondrial apoptotic pathway, both
working with caspase-3 activation (Yuan, 1997; Monteiro et al.,
2009; Piner and Uner, 2012). Caspase-3 is amember of caspase fam-
ily which depends aspartic acid-directed cysteine proteases and it
leads apoptotic cell death by causing to the loss of function and cel-
lular structure (Gurtu et al., 1997; Gao et al., 2013). The active form
of caspase-3 is capable of cleaving poly (ADP-ribose) polymerase
which appears to be involved in DNA repair, integrity and genome
surveillance (Gurtu et al., 1997). Apoptosis may be occurred with
many different pollutants such as heavy metals and insecticides (Jin
etal, 2013; Gao et al,, 2013).

Thus, there is no information in literature about effects on
G6PD enzyme activity and the apoptotic effects of chlorpyrifos
on rainbow trout. In this study, we aimed to determine whether
chlorpyrifos may induce apoptosis and may inhibit GEGPD enzyme
activity in liver and gill of rainbow trout. The present study will
enable us to further understand toxic mechanism in tissues of rain-
bow trout under acute exposure to the chlorpyrifos.

2. Materials and methods
2.1. Fish maintenance

Rainbow trout (170+6.25g, 18.51+0.84cm) were provided
from Ataturk University (Erzurum, Turkey), Faculty of Fisheries, and
Inland water fish Breeding and Research Center. Fiberglass tanks
contained 15 fish in 400 L of dechlorinated tap water (temperature
10-12°C,pH 7.2 £0.5,dissolved oxygen 8.4 + 0.4 mg/L, water hard-
ness 181.6+4.23mg/L, CaCO3;, SO42=0.34mg/L, PO,3 =trace,
NO5;~ =1.45mg/L and NO,~ =trace). Fish were acclimated for 15
days under the laboratory conditions and were fed 2.5% body
weight with commercial trout pellets.

2.2. Experimental design

The commercial formulation of chlorpyrifos (480 g/L chlorpyri-
fos, 0,0-diethyl-O-(3,5,6-trichlor-2-pyridyl) phosphorothioate)
was purchased from a distributor company (Turkey). Stock solu-
tion of chlorpyrifos was prepared by dissolving in distilled water.
The LC50 value for rainbow trout of chlorpyrifos was 9 pg/L(USEPA,
1986). One tank was used as control, and had no pesticide exposure
while others were added 2.25 pg/L, 4.5 ug/L and 6.75 pg/L chlor-
pyrifos, respectively. We have chosen these concentrations because
it is lower than lethal concentrations for rainbow trout. Following
experiment period, control and all exposed fish were chosen from
each tank randomly and were sampled at 24 h, 48 h, 72 h and 96 h.
In each hour, fish were euthanized by cervical section and the liver
and gill tissues were immediately removed. A portion of the tissues
was washed with physiological saline (0.9% NaCl) and was stored
at —20°C until analysis G6PD enzyme activity. The other portion of
the tissues was fixed in 10% neutral buffered formalin solution for
apoptotic examination and Periodic Acid Shift (PAS) responses.

2.3. Preparation of the homogenate and enzyme activity
determination

Liver and gill samples were washed three times with 0.9%
sodium chloride solution and were cut into small pieces by using
a scalpel. Tissues were suspended in a 50-mM KH,PO4 buffer (pH
7.4) and were homogenized by liquid nitrogen. Homogenate was
centrifuged at 27.000 g for 60 min Supernatant was centrifuged at
27.000 g for 60 min again, supernatant existing on the upper section
was carefully taken with a dropper. Following this, the precipitated
part was removed. Supernatant was used to determine enzyme

activity. G6PD enzyme activity was determined by spectropho-
tometer at 37°C according to the method reported in literature
(Beutler, 1971). This method is based on the fact that NADPH which
is formed as a result of reducing NADP" in absorbance at 340 nm.

2.4. Histochemical and immunohistochemical procedures for PAS
and caspase-3

Tissue samples from gill and kidney were fixed in 10% buffered-
formaldehyde solution, dehydrated in a graded alcohol and xylol
series, embedded in paraffin wax and microtome sections in
4-5pm (Leica Microsystems, Wetzlar, Germany) were obtained.
Systematic randomized sampling method was used for immuno-
histochemical and histochemical examinations. The staining of
Periodic acid-Schiff (PAS) was performed according to the protocol
of Sheenan and Hrapchak. Apoptotic activity in gill and liver tis-
suers were detected by immunohistochemical staining of activated
caspase 3. Immunohistochemical staining for (Ventana Medical
Systems, Inc.) with an activated caspase 3 protein was performed
by an automated method on the VENTANA BenchMark GX System
ultraView Universal DAB Detection Kit on 4- sections from a rep-
resentative block in each fish. After deparaffinization to water, the
antigenic determinant sites for activated caspase 3 were unmasked
in citrate buffer with steam for 60 min. The primary antibody used
for Anti-Caspase 3, an IgG class fish polyclonal to caspase 3 (Abcam,
ab4051), was used at adilution of 1:80 for 32 minat 37 °C. The slides
were then incubated with the diluted antibody, followed by appli-
cation of ultraView Universal DAB detection kit (Ventana Medical
Systems, Inc.). DAB was used as a chromogen and counterstained
with hematoxylin. Similarly, processed sections from human tonsil
tissue were used as positive controls for caspase 3 immunostain-
ing, respectively. The specificity of staining was confirmed by the
inclusion of negative control slides processed in the absence of pri-
mary antibody on tissue from the same animal. All livers and gills
sections were examined by light microscopy for PAS and caspase 3
positivity.

2.5. Scoring and data analysis

For PAS positive stained cells (mucous cell), two secondary
lamellas from each gill sections of two different fish were counted
in all experimental and control groups. Similarly, two liver sections
from two different fish were examined in terms of PAS positively
hepatocyte. Caspase-3 activity was semi-quantitatively assessed
under the light microscopy and scored as no staining (—), weak (+),
moderate (++) or strong (+++) for tissue distribution and severity in
gill and liver sections.

2.6. Statistical analyses

All data were expressed as mean 4 SEM. Statistical analysis of
data was done using a one-way analysis of variance (ANOVA) and
LSD test and analyzed using SPSS version 10.0 software. A value of
p<0.05 was considered statistically significant.

3. Results
3.1. G6PD enzyme activities

The effect of different doses of chlorpyrifos (2.25 pg/L, 4.5 p.g/L
and 6.75 pg/L) and times of exposure (24, 48, 72 and 96 h) on liver
and gill G6PD enzyme activity of rainbow trout was demonstrated
by in vivo studies. There was time dependent decrease in enzyme
activity at all concentrations after exposure of chlorpyrifos. GGPD
enzyme activity decreased at 2.25 ug/L for 96 h in gill (p<0.05)
(Fig. 1). Chlorpyrifos exposure to 4.5 ug/L and 6.75 pg/L for 72h
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Fig. 1. The effects of chlorpyrifos on gill GEPD enzyme activity of rainbow trout. Values are expressed as mean + S.E.M. Significant difference from control values *p <0.05.

and 96 h caused to decrease in gill and liver G6PD enzyme activ-
ity of rainbow trout (p <0.05). Similarly, significant difference at
6.75 g/L for 48 h was detected in liver (p <0.05) (Fig. 2). There was
not statistically significant difference at 2.25 pg/L concentration in
liver when compared to the control (p >0.05) (Fig. 2).

3.2. PAS reactions

PAS reaction was not observed in hepatocytes in control and
experimental groups (Fig. 3). Typical changes in PAS stains were
observed in gill sections. PAS positively cells were prominently
decreased at 96 h in experimental groups (Fig. 4). Similar difference
was revealed with statistical analyses (Fig. 5).

3.3. Caspase-3 expression

Caspase-3 activity was especially observed in hepatocytes and
kupffer cells after 72 h of all experimental groups (Fig. 6). In gill
sections, caspase-3 activity was prominently observed at 72 and
96 h especially in epithelial, mucous and other gill cells (Fig. 7).

Tissue distribution and the severity of caspase-3 activity in con-
trol and experimental groups were displayed in Table 1.

4. Discussion

Chlorpyrifos may cause serious ecological problems on aquatic
animal, especially in fish. Previous studies have indicated that
chlorpyrifos induces biochemical, histopathological and physio-
logical changes in many tissues of aquatic organisms (Kavitha
and Rao, 2008; Ali et al., 2009; Xing et al., 2012a,b). It has been
reported that caspase-3 activity affected by pesticide is consid-
ered as a marker for apoptosis (Piner and Uner, 2012). Effects of
chlorpyrifos on apoptosis in different animal species and human
beings have been reported in many studies (Caughlan et al., 2004;
Li et al., 2009; Gupta et al., 2010). For example, Piner and Uner
(2012) indicated apoptotic effects of pesticide lambda-cyhalothrin
in the liver of juvenile Oreochromis niloticus. In another study,
cypermethrin pesticide was observed to induce cell apoptosis in
zebrafish (Jin et al., 2011). In the present study, after exposure
to chlorpyrifos, immunohistochemical analysis showed that apop-
totic cellsin gill and liver was increased in dose and time dependent
manner. However, there is no information about the apoptotic
effects of chlorpyrifos on rainbow trout. Mechanisms of chlorpyri-
fos inducing apoptosis in rainbow trout are not still understood.
Caspase-3 activation is important for the execution phase of apo-
ptosis involving pesticide exposure (Piner and Uner, 2012). Many
studies have shown that aquatic pollutants cause apoptosis in fish
via caspas-3 activation (Monteiro et al., 2009; Gao et al., 2013;
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Fig. 2. The effects of chlorpyrifos on liver G6PD enzyme activity of rainbow trout. Values are expressed as mean =+ S.E.M. Significant difference from control values *p <0.05.
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Fig. 3. Liver. All hepatocytes from liver sections in control and experimental groups are negative. Control group at 96 h (a), at 48 h of 2.25 pg/L dose (b), at 72 h of 4.5 pg/L
dose (c) and at 72 h of 6.75 pg/L dose. Normal staining in bile duct epithelium (arrows in b and c). PAS reaction.

S

Fig. 4. PAS positivity in control (arrows in a) and experimental groups. Prominent loss in positive cells at 96 h of 2.25 ng/L and 6.75 p.g/L doses (b and d) and decreasing at
72 h (arrows in c). PAS reaction.
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Fig. 5. Affected mucous cell ratio in PAS stains. Severe effecting was observed at 96 h of all experimental groups.

Selvaraj et al., 2013; Jin et al, 2013). In our study, caspase-3
activity was especially observed in hepatocytes and kupffer cells
of liver tissues. In gill sections, caspase-3 activity was promi-
nently observed especially in epithelial, mucous and other gill cells
. This reveals that chlorpyrifos may activate caspas-3 and may
induce gill and liver cell apoptosis in rainbow trout. It is possible

that two different mechanisms may be mentioned in this event:
(1) ROS generation may cause caspas-3 activation and (2) increased
Ca may induce apoptotic cell death (Misra et al., 2012). In another
study, it has been shown that in cell of fish exposed to aquatic
pollutants increased expression of caspase-3 that causes apopto-
sis (Cao et al., 2014). These results suggest that chlorpyrifos may

Fig. 6. Caspase-3 expression in the liver sections from control and experimental groups. Apoptotic changes in hepatocytes (white arrows in b and c¢) and Kupffer cells (black
arrows in b and d) at 72 h and 96 h of fish exposed to 2.25, 4.5 and 6.75 pg/L doses, respectively. IHC stain.
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Fig. 7. Caspase-3 expression in the gill sections from control and experimental groups. Limited apoptotic changes in epithelial and mucous cells in control group (arrows in
a). Moderate apoptotic changes at 96 h of fish exposed to 2.25 .g/L dose (arrow in b) and severe changes in all cells of secondary lamellas (c and d) at 72 h of fish exposed to

4.5 and 6.75 p.g/L doses. IHC stain.

induce cellular apoptosis. Similarly, chlorpyrifos exposure caused
the decrease in the mucous cells in gill tissue. This disorder may
affect the normal physiology of gill and led to possible dam-
age.

Environmental pollutants cause biochemical changes in aquatic
organisms. These pollutants lead to changes in metabolism by
changing enzyme activity, particularly via inhibition of a specific
enzyme (Beydemir et al., 2003; Ekinci and Beydemir, 2010). There
are many studies about the effects of pesticides on G6PD activ-
ity in different species in the literature (Verma and Srivastava,
2003; Singh et al., 2006; Kaur and Sandhu, 2008; Ceyhun et al.,
2010; Ojha and Srivastava, 2012; Salvo et al., 2012). But, there is
no data about G6PD responses of chlorpyrifos on rainbow trout.
Thus, it is important to obtain information about effects of chlor-
pyrifos on rainbow trout. It is known that glucose-6-phosphate
dehydrogenase has direct or indirect effect on antioxidant sys-
tem and it is useful biomarker. Because fish tend to adapt to

oxidative conditions when exposed to pesticide or other pollu-
tants and high level of G6PD enzyme is expressed in the gill and
liver tissues of the fish (Ceyhun et al., 2010). Therefore, G6PD
activity may be used as a useful biomarker (Giil et al.,, 2004).
In our study, a decrease in G6PD activity was observed in liver
and gill tissues after 4.5 wg/L and 6.75 pg/L chlorpyrifos expo-
sure for 72h and 96h. These changes may explain with two
reasons that first is O, production and the other is direct inhi-
bition effects on the enzyme synthesis and enzyme activity of
some substance such as pesticide (Bagnasco et al., 1991; Oruc
and Uner, 2000; Ceyhun et al., 2010). Deltamethrin pesticide was
tested on rainbow trout liver, gill, kidney and muscle G6PD activity
and exhibited inhibitory effects in in vivo conditions by Ceyhun
et al. (2010). In another study, Senturk et al. (2009) reported
that pesticides such as cypermethrin, deltamethrin, and propoxur
caused inhibitory effects on G6PD enzyme activity in rainbow
trout.

Table 1
Tissue distribution and severity of caspase-3 activity in control and experimental groups.
Lesion Control 2.25pg/L 4.5 pg/L 6.75 pg/L
Hours
24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96
Liver tissue
Hepatocyte — - - + + + ++ ++ + + ++ ++ + ++ ++ +++
Kupffer cell - - - - + + ++ ++ + ++ ++ ot + ++ +++ et
Gill tissue
Epithelial cell + + + + + ++ ++ +++ + ++ +++ +++ + ++ +++ +++
Mucous cell + + + + + + ++ ++ + + ++ +++ + ++ +++ +++
Pilar cell — - - + + + + ++ + + + ++ + ++ ++ 4
Chloride cell — + — + + ++ — + ++ +++ — + 4+ 4+
Basal cell - + + + + ++ ++ +++ + ++ ++ +++ + ++ +++ ++
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5. Conclusion

Concentrations of chlorpyrifos in the present study caused
mucous cell loss, apoptotic cell death and inhibition in G6PD activ-
ity of rainbow trout liver and gill tissues, indicating that these data
will enable us to further understand toxic mechanism and may be
useful for assessment in the aquatic toxicology studies. Chlorpyrifos
products is one of the most popular used pesticides in the world, but
it is very toxic for aquatic organisms, especially to fish, indicating
that chlorpyrifos has a potential ecotoxicological hazard in aquatic
environment. Therefore, chlorpyrifos must be used carefully.
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