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Abstract
Both sexes of Common carp (Cyprinus carpio) exposed to sublethal concentrations (0.488 mg/L and 0.976 mg/L) of the
widely used insecticide diazinon for a period of 7, 15, 30 days and effects on plasma 17β-estradiol (E2), vitellogenin (VTG),
gonad and liver tissues were examined. In male carps, 0.488 mg/L and 0.976 mg/L diazinon elevated E2 levels following on
the 7, 15 and 30 days. Both concentrations of diazinon elevated VTG levels after 15 days in males. In female carps, 0.976
mg/L diazinon elevated E2 levels after 30 days. However, 0.488 mg/L and 0.976 mg/L diazinon reduced VTG levels in
female carps, at the end of experiment. Histopathological examination of liver showed dilatation of the bile ducts and
sinusoids, congestion, lymphocytic infiltration, pigment accumulation and necrosis in both sexes and concentrations.
Degeneration, congestion and fibrosis were observed in testis. Adhesions between oocytes and necrosis in ovary were also
observed. The results showed that diazinon can affect the male and female individuals differently and has an endocrine
disrupting potential.
Keywords: Cyprinus carpio , diazinon, vitellogenin, 17β-estradiol, histopathology.

Introductıon
Diazinon – CAS 333-41-5 (O, O-diethyl O-2isopropyl–6-methylpyrimidinyl-4-g-1-phosphorothioate)
is a widely used insecticide (Fattahi, Parivar, &
Jorsaraei, 2009) for control of household and soil
insects, pest on fruits, vegetables, field crops, lawns
and ornamentals (Kime, 1998). Additionally, diazinon
used to dip sheeps to control parasites (Watterson,
1999) and as a biocide to suppress excessive
propagation of daphnia zooplankton (Máchová et al.,
2007). After its applicat ion on crops and plants,
diazinon can easily be washed into surface waters and
enters the ground water and under the conditions of
low temperature, low mo isture, high alkalinity and
lack of suitable microbio logical degraders, it may
remain biologically active in soils for 6 months or
longer (Dutta & Meijer, 2003). It has been reported
that diazinon concentrations were found between 0.72
– 315.95 ng/ L in four Mediterranean River Basins,
Spain, between 2010-2011 (Campo, Masiá, Blasco, &
Picó, 2013).
Because of its aquatic distribution, diazinon
affects a wide range of non-target organisms, like
mammals, birds and fish (Aydın & Köprücü, 2005).
Also diazinon is highly toxic for freshwater fish and

invertebrates following acute exposures (EPA, 2004).
For co mmon carp the LC50 of co mmercial diazinon
was reported as 9.76 mg/L (Ahmad, 2011).
Like the other organophosphates (OPs), diazinon
inhibits acetycholinesterase (AChE) (Fulton & Key,
2001). This results acetylcholine accumulation in
postsynaphtic cells of end organs (Pope, 1999).
Accumulation of acetycholine causes symptoms of
autonomic dysfunction (e.g., excessive secretions of
the airways, excretory systems, salivary glands, and
lacrimal g lands), involuntary movements (e.g.,
tremo rs, convulsions), muscle fasciculations, and
ultimately respiratory depression (Nostrandt, Padilla,
& Moser, 1997). Moreover, sublethal exposures of
some OPs lead to alterat ions in reproductive
performance (Pope, 1999) and may show endocrine
disrupting potential (Kitamura, Su zuki, Ohta, &
Fujimoto, 2003; Goad, Goad, Atieh, & Gupta, 2004;
Hotchkiss et al., 2008).
Earlier studies reported that diazinon does not
have an endocrine disrupting potential, however
recent studies showed that sublethal concentrations of
diazinon was able to reduce serum 17 β -Estradiol (E2)
(Maxwell & Dutta, 2005; Jamili, Hoseini, &
Mashinchian, 2008), progesterone (17,20β P) (Wall,
1999), testosterone (T) and gonadotrophin II levels
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(Moore & Waring, 1996), inhibits the cortizol
secretion (Bisson & Hontela, 2002), decline in
gonadosomatic index (Larkin & Tjeerdema, 2000),
hypertrophy, necrosis and pyknosis of hepatocytes in
various fish species (Rahman, Hossain, & Mollah,
2002). Therefore, the main objective of this study was
to find out whether diazinon has an endocrine
disrupting potential in fish such as common carp,
Cyprinus carpio.

Materials and Methods
One-year o ld male and female co mmon carps
were obtained fro m hatchery unit of the State
Hydraulic Works, Adana, Turkey. The fish were
acclimated to the laboratory conditions prior to the
experiment for two months Average body weight and
length of test materials at the beginning of the
experiment were 19.88±6.68 g and 9.42±0.96 cm,
respectively. Firstly, fish were divided into two
groups by stripping them, as males and females. Male
and females groups divided between three groups,
one as a control, and each group had eighteen
indivudials. One hundred and eight fish were totaly
used. Experiments were run in duplicate. During
experiments, fiber-glass tanks (120x120x50 cm)
supplied with 400 L dechlorinated tap water were
used. So me physical and chemical properties of test
water were as follows, temperature 24±1°C, pH
7.30±0.20, dissolved oxygen 7.10±0.12 mg/ L and
total hardness of 252.16±4.03 mg/ L CaCO3 . The
photoperiod was 12:12 h (L:D). The fish were fed
daily with commercially availab le pond sticks (Tetra
Pond Koi Sticks ®) at a rate of 2% body weight.
Sub-Lethal Toxicity Experiments
The commercial preparation of Basudin 60 EM ®
(O,
O-diethyl
O-(6-methyl-2-(1-methylethyl)-4pyrimidinyl) phosphorothioate, Syngenta, Diazinon,
630 g/ L) was used in this study. Stock solutions of the
test substance were prepared by d issolving the
insecticide in tap water. These solutions were further
diluted to obtain the experimental concentrations in
tanks. Control group was maintained in tap water
without diazinon. Fish were exposed to 5% and 10%
of 96 h LC50 (0,478 mg/ L and 0, 976 mg/ L) of
diazinon over 7, 15, and 30 days. Test media were
refreshed every 24 h to maintain constant insecticide
nominal concentrations.

80°C until analysis (Lo max, Roubal, Moore, &
Johnson, 1998).
Hormone Analysis
Plas ma levels of 17β-estradiol (E2) were
measured by acetylcholinesterase-based competitive
enzy me-lin ked immunosorbent assay (ELISA), using
EIA kits, according to manufacturer's instructions
(Cay man Chemical Co mpany). Samples run in
duplicate. The antiserum to E2 (Cay man Chemical,
Ann Arbor, MI, USA) was reported to cross -react
with estradiol-3-glucoronide (14%), estrone (12%),
estriol (0.30%), T (0.01%) and 5-dihydrotestosterone
(0.06%). Results were exp ressed as absorbance’s at
420 nm wavelength with microplate reader.
VTG Analysis
Plas ma levels of VTG was measured by
sandwich enzy me -linked immunosorbent assay
(ELISA), using
ELISA
kit, according to
manufacturer's instructions (Biosense Laboratories).
Samples run in duplicate with two different d illutions.
Results were expressed as absorbance’s at 492 n m
wavelength with microplate reader.
Histopathological Examination
Three treated and control fish were randomly
removed from each aquaria at the end of 7, 15 and 30
days. Ovary, testis and liver tis sues were dissected
immed iately after taking the blood samples,
transferred to 10% neutral buffered formalin for 24 h
for fixation. Fixed tissues were prepared for
sectioning and embedded in paraffin. Five micro meter
thick sections were then taken and stained with
hemato xylin and eosin. Tissues were visualized with
Nikon Eclipse 80i (Nikon Corporation, Japan)
fluorescent microscope and measured with Nikon
Digital Sight (DS-L1, Nicon Corporation, Japan).
Statistical Analysis
Statistical analysis were carried out by SPSS
11.5 fo r W indows. All the data were tested for
homogeneity of variance. The results obtained fro m
each experimental group were analy zed by one-way
analysis of variance (ANOVA). The significance level
was considered to be P<0.05. Results are expressed as
mean ± SD.

Sampling

Results

Six treated and control fish were randomly
removed fro m each aquariu m at the end of 7, 15 and
30 days. They were anesthetized by 0.1 g/L MS -222
(Velisek & Svoboda, 2004) and blood samples were
then collected in eppendorf tubes by cutting the
caudal peduncle. Samples centrifuged at 3000 g for 10
min at 4°C and the collected plasma was stored at -

No mo rtality was recorded during the
experimental period for all treat ment groups. The
behavior of fish were visually monitored during the
test periods. Fish exposed to diazinon showed no
signs of symptoms like lethargic and erratic
swimming, loss of schooling behavior, hyperactivity,
convulsions and loss of buoyancy.
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Serum E2 Level

Liver histopathology

Sera E2 levels in control males ranged between
372.80 and 398.40 mg/ L over the study period. Sera
E2 levels of males increased with increasing
concentrations (P<0.05) except between the two
concentrations of diazinon on day 7 (Figure 1).
Sera E2 levels in control females ranged
between 507.60 and 614.85 mg/ L over the study
period. No significant concentration or time -related
effects of diazinon were observed for sera E2 levels in
females. However, 0.976 mg/ L of diazinon
significantly increased sera E2 levels in females after
30 days (Figure. 2).

Hepatic artery and portal veins, sinusoids,
hepatocytes, pancreatic tissue and bile ducts which
are tapped into liver were determined in control
group. The tissues and hepatocytes showed no
abnormalites in control group (Figure 5).
Fish livers exposed to 0.448 mg/ L diazinon
showed dilatation of sinusoids and veins (Figure 6),
ly mphocyte infiltrat ion (Figure 7) and pycnotic
nucleus (Figure 6). Moreover, in portal veins that
surrounded by pancreatic tissue there was an
increased amount of proteinaceous fluid (Figure 8).
These proteinaceous fluid were also observed in
0.976 mg/ L of diazinon exposure. In addition,
accumulat ion of proteinaceous fluid in liver sinusoids
(Figure 9), congestion in hepatoportal veins (Figure
10), pycnotic nucleus in hepatocytes (Figure 9),
melano macrophage centers (Figure 12) and necrosis
(Figure 10) were a lso determined in h igh
concentration of diazinon.

Serum VTG levels
Sera VTG levels in control males ranged
between 217.00 and 315.00 mg/ L over the study
period. Sera VTG levels of males were significantly
higher in 7 days, in response to high concentration of
diazion (P<0.05). Both low and high concentrations
of diazinon on day 15 and only low concentration on
day 30 increased sera VTG levels of male C. carpio
significantly (P<0.05) (Figure. 3).
Sera VTG levels in control females ranged
between 2880.00 and 7045.00 mg/ L over the study
period. Sera VTG levels of females were significantly
lower in 15 and 30 days, in response to both low and
high concentration of diazinon (P<0.05). Lo w
concentration sof diazinon decreased sera VTG levels
of female C. carpio’s significantly after 7 days
(P<0.05) (Figure 4).

Gonad histopathology
Testis tissues of control group were normal.
They were composed of different sized and shaped
semin iferous tubules that contain numerous germ
cells. A lso, intertistial tissues and blood vessels were
determined between seminiferous tubules (Figure 13).
Degenerations in seminiferous tubules (Figure
14) and fibrosis (Figure 15 and Figure 17) were
observed after low and high concentration of

Figure 1. Sera E2 levels of males C. carpios exposed to 0.488 and 0.976 mg/L of diazinon after 7, 15 and 30 days
(mean±SD).

Figure 2. Sera E2 levels of females C. carpios exposed to 0.488 and 0.976 mg/L of diazinon after 7, 15 and 30 days
(mean±SD).
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Figure 3. Sera VTG levels of males C.carpio exposed to 0.488 and 0.976 mg/L of diazinon over 7, 15 and 30 days
(mean±SD).

Figure 4. Sera VTG levels of female C.carpio exposed to 0.488 and 0.976 mg/L of diazinon after 7, 15 and 30 days
(mean±SD).

Figure 5. Liver sections of control group. Pancreatic tissue (PT), bile ducts (BD), central veins (CV), sinusoids (arrow).
(HE, x100, Scale bar 10 µm).
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Figure 6. Liver sections of 0.488 mg/L diazinon treated fish after 30 days. Dilatation (D) and congestion (CO) of
sinusoids and arrow heads indicate pycnotic hepatocyte nuclei. (HE, x200, Scale bar 10 µm).

Figure 7. Liver sections of 0.488 mg/L diazinon treated fish after 30 days. Venous congestion (VC), lymphocyte
infiltration (LI). (HE, x200, Scale bar 10 µm).

Figure 8. Liver sections of 0.488 mg/L diazinon treated fish after 30 days. Accumulation of proteinaceous fluid in portal
veins of liver (*).(HE, x200, Scale bar 10 µm).
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Figure 9. Liver sections of 0.976 mg/L diazinon treated fish after 7 days. Arrow heads indicate pycnotic hepatocyte
nuclei. Accumulation of proteinaceous fluid in sinusoids (*).(HE, x200, Scale bar 10 µm).

Figure 10. Liver sections of 0.976 mg/L diazinon treated fish after 7 days. Congestion (CO) in hepatoportal veins of liver
and necrosis (*).(HE, x200, Scale bar 10 µm).

Figure 11. Liver sections of 0.976 mg/L diazinon treated fish after 7 days. Dilatations of bile ducts (ellipse) and
melanomacrophage centers (*).(HE, x200, Scale bar 10 µm).
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Figure 12. Liver sections of 0.976 mg/L diazinon treated fish after 30 days. Accumulation of bile pigments in liver
parenchyma. (HE, x400, Scale bar 10 µm).

Figure 13. Testis sections of control group (HE, x1000, Scale bar 1 µm). (A: Primer and seconder spermatocytes, B:
Spermatids, C: Seconder spermatocytes, interstitial cells, D: Seconder sp ermatocytes and cells in the seminiferous tubule
basement membrane. Sps1: Primer spermatocytes, Sps2: Sekonder spermatocytes, Spt: Spermatid, L: Leyding cell, S:
Sertoli cell).

Figure 14. Testis sections of 0.448 mg/L diazinon treated fish. Degenerations of seminiferous tubules (*).(HE, x200, Scale
bar 10 µm).

diazinon. The number of cells inside the intertubuler
space seemed to have increased. In addition,
congestions in vena’s of intertubuler spaces (Figure
16) were determined after high concentration of
diazion.
The follicles of control group ovaries were

normal. They were containing numerous oocytes at
different developmental stage. Perinuclear oocytes,
cortical alveoli and vitellogenic oocytes were
widespread found (Figure 18). Necrosis in ovary was
observed after both low and high concentration of
diazinon. Additionally, adhesions between the oocytes
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Figure 15. Testis sections of 0.448 mg/L diazinon treated fish. Fibrosis (*).(HE, x200, Scale bar 10 µm).

Figure 16. Testis sections of 0.976 mg/L diazinon treated fish. Venous congestion (VC). (HE, x200, Scale bar 10 µm).

Figure 17. Testis sections of 0.976 mg/L diazinon treated fish. Fibrosis (*). (HE, x200, Scale bar 10 µm).

were determined after 0.976 mg/ L concentration of
diazinon (Figure 19).

Discussion
In this study the results provide clear evidence
that diazinon differently alters E2 and VTG levels in
male and female carps and has histopathologic
impacts on tissues such as ovary, testis and liver.

In males, both concentrations of diazinon
induced E2 levels after 7, 15 and 30 days. Like the
other OPs, bio conversation of diazinon occurs in
peripheral t issues by monooxygenases (MFO) (Yang,
Hodgson, & Dauterman, 1971; Fu ji & Asaka, 1982;
Demirdöğen, 2010) and MFO act ivity depends on a
family o f P-450 enzy mes such as aromatase (Kime,
1998). Since aro matase is responsible fo r conversion
of the male hormone (T) to the female hormone (E2)
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Figure 18. Ovary sections of control group fish (HE, x400, Scale bar 10 µm). (A: Perinucleolar oocyte, B: Vitellogenic
oocyte. Pno: Perinucleolar oocytes, N: Nucleus, n: nucleolus, Pg: Protein granules).

Figure 19. Ovary sections of 0.976 mg/L diazinon treated fish. Adhesions in oocytes (AD) and cytoplasmic necrosis (CN).
(HE, x400, Scale bar 10 µm).

(Hong et al., 2007), increased E2 in males could be a
result of an increase in aro matase activity. In past,
numerous studies indicated that exposure to OP
pesticides induces or enhances the activity of P 450
enzy mes (Munkittrick et al., 1994; Bucheli & Fent,
1995, Husoy, Myers, & Goksoyr, 1996; Dong et al.,
2013).
It is known that in teleosts, such as carp,
circulat ing E2 levels direct the synthesis of VTG
(Sole, Raldua, & Piferrer, 2003a). In this study, the
VTG levels of control group males showed no
variations. After 7 days, high concentration of
diazinon induced VTG levels significantly. Ho wever,
no alterations were observed at low concentration.
This is probably caused by inadequacy of circulat ing
E2 levels to attain the critical threshold for inducing
VTG synthesis in males (So le et al., 2003a). The
increase in plas ma VTG concentrations was paralleled
with E2 fluctuations in males, after 15 days. However,
a decrease in plasma VTG concentrations were
observed after 30 days. It is known that liver of both
male and female fish have reseptors for estrogens and
they are capable of producing vitellogenin (Kime,
1998). Generally a decline in v itellogenin
concentrations parallels with a decline in E2 levels.
But histological d isruptions on estrogen receptors in
liver can able to cause results like this. It is known
that some OPs such as disulfoton can adversely effect
estradiol receptors of hepatocytes (Arnold, Pluta &
Braunbeck, 1996) and may cause disruption on
vitellogenin synthesis (Kime, 1998). Our histological
examinations showed more pathologies in the livers
of 30 days-treated male fish. Long-time treat ment
with diazinon could possibly disturb ultra-structure of

hepatocytes and could cause a decline in plas ma
VTG. Another possible explanation for reduction in
VTG levels is elemination of plas matic VTG in some
tissues of fish. Normally, in female fish some part of
plasma VTG incorporates into developing oocytes,
however, in males a reduction in plas ma VTG
concentrations must be accomplished by alternate
pathways. The most direct route for elimination of
VTG fro m blood of male fish is through the kidney
(Folmar, George, & Schreib man, 2001). But, we have
no data to prove this notion.
In our study, contrast to males, no significant
alterations were seen in E2 levels of females. At the
end of experiment VTG concentrations decreased
significantly. In past numerous studies have
demonstrated that pollutants can differently affect
endocrine system of male and female fish of same
species (Folmar et al., 1996, Sole, Barcelo, & Porte,
2002; So le et al., 2003a; Isibashi et al., 2004; Spano
et al., 2004; Lee, Seo, Kim, Yoon, & Lee, 2006; Dong
et al., 2013). One of the possible reasons for depleted
VTG levels in females can be related with negative
feedback of gonadotropin secretion. Sole, Raldua,
Piferrer, Barceló, and Porte, (2003b ) indicated that
estrogen mimics could possibly stimulate a negative
feedback of gonadotropin secretion and this results
reduction in VTG synthesis without a decline in E2
levels. In the same study, they also stated that
vitellogenin and hormone variations in female carps
appeared to be determined more by biological factors
than by xenobiotic exposure.
Cortisol has been shown to enhance the
transcription of silent VTG gene in male Oreochromis
aureus (Ding, Lim, & Lam, 1994) but suppress
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plasma VTG concentrations in female catfish (Folmar
et al., 1996). It also been demonstrated that OP
pesticides can reduce (Cericato et al., 2008; Oruç,
2010) or induce (Kime, 1998; Nieves -Puigdoller,
Björnsson, & McCormick, 2007) cortisol secretion in
different fish species. The possible effects of diazinon
on cortisol secretion can be another result for VTG
depletions in female carps.
To supplement hormone and vitellogenin
biomarkers and to show toxic effects of diazinon,
gonads and livers were evaluated for abnormalities.
Many studies have confirmed that exposure to
diazinon or OPs leads to dilatation of bile ducts and
sinusoids (Ogueji, Auta, & Balogun, 2007;
Kunjamma, Ph ilip, & Bhanu, 2008), cytoplasmic
degeneration of hepatocytes (Deka & Mahanta. 2012),
congestions of sinusoids (Langiano & Martinez. 2008;
Gawish, Issa, & Ali, 2011; Shiogiri et al., 2012),
necrosis (Rahman, Hossain, & Mollah, 2002;
Gu imaraes, Silva de Assis, &
Boegera, 2007;
Velmu rugan, Selvanayagam, Cengiz, & Unlu, 2009)
and hemorrhages (Rodrigues & Fanta, 1998;
Langiano & Martinez. 2008) in livers of many fish
species. Our results showed similarities to previous
studies. Additionally, in portal veins that surrounded
by pancreatic tissue there is an increased amount of
proteinaceous fluid was observed. Ruehl-Fehlert,
Bo mke, and Dorgerloh, (2005) have also observed
these proteinaceous fluids in livers of Pimephales
promelas and stated that they could be vitellogenin
molecule.
In this study, degeneration, congestion and
fibrosis in testis and adhesions between oocytes and
necrosis of oocytes cytoplasm in ovary were
investigated. These findings have also been
demonstrated by other researchers after diazinon
administration (Dutta & Meijer, 2003; Dutta &
Maxwell, 2003, Maxwell & Dutta, 2005).

Conclusion
Diazinon is an organophosphate pesticide, it is
widely used in agriculture. This study clearly
indicates that sublethal and environ mentally reliable
concentrations of diazinon may cause endocrine
disruption and histopathological alterations in gonads
of male and female fish that may adversely affect
reproduction, while hepatotoxicity indicates its
potential adverse effect on metabolic functions.
Additionally the presence of diazinon in fresh water
reservoirs, even in small concentration, could cause
deleterious effects on fish physiology and may
potentially disturb their survivability in the natural
environment.

Acknowledgments
We are grateful to Prof. Dr. Cah it Erdem, Pro f
Dr. Bedii Cicik, Prof. Dr. Serap Yalın, Assoc. Prof.
Dr. Özcan Ay, Assoc. Prof. Dr. Ferbal Özkan and M r.

Mustafa Barış for valuable d iscussions and helps in
the process of this survey.

References
Ahmad, Z. (2011). Acute toxicity and haematological
changes in common carp (Cyprinus carpio) caused by
diazinon exposure. African Journal of Biotechnology,
10(63): 13852-13859. https://doi.org/10.5897/ajb11.
1247.
APHA, AWWA, WPCF. (1981). Standard M ethods.
Retrieved from https://www.standardmethods.org/
Arnold, H., Pluta H.J. & Braunbeck, T. (1996). Sublethal
Effects of Prolonged Exposure to Disulfoton in
Rainbow Trout (Oncorhynchus mykiss): Cytological
Alterations in the Liver by a Potent Acetylcholine
Esterase Inhibitor. Ecotoxicology and Environmental
Safety, 34: 43-55. https://doi.org/10.1006/eesa.
1996.0043.
Aydın, R. & Köprücü, K. (2005). Acute toxicity of diazinon
on the common carp (Cyprinus carpio L) embryos
and larvae. Pesticide Biochemistry and Physiology,
82(3):220–225. https://doi.org/10.1016/j.pestbp.2005.
03.001.
Bisson, M . & Hontela, A. (2002). Cytotoxic and endocrinedisrupting potential of atrazine, diazinon, endosulfan,
and mancozeb in adrenocortical steroidogenic cells of
rainbow trout exposed in vitro. Toxicology and
Applied
Pharmacology,
180(2):
110-117.
https://doi.org/10.1006/taap.2002.9377.
Bucheli, T.D. & Fent, K. (1995). Induction of cytochrome
P450 as a biomarker for environmental contamination
in aquatic ecosystems. Critical Reviews in
Environmental Science and Technology, 25(3):201268. https://doi.org/10.1080/10643389509388479.
Campo, J., M asiá, A., Blasco, C. & Picó, Y. (2013).
Occurrence and removal efficiency of pesticides in
sewage treatment plants of four M editerranean River
Basins. Journal of hazardous materials, 263, 146-157.
https://doi.org/10.1016/j.jhazmat.2013.09.061.
Cericato, L., Neto, J.G.M ., Fagundes, M ., Kreutz, L.C.,
Quevedo, R.M ., Finco, J., ... & Anziliero, D. (2008).
Cortisol response to acute stress in jundiá Rhamdia
quelen acutely exposed to sublethal concentrations of
agrichemicals. Comparative Biochemistry and
Physiology
Part
C,
(148):
281-286.
https://doi.org/10.1016/j.cbpc.2008.06.008.
Deka, S. & M ahanta, R. (2012). A Study on the Effect of
Organophosphorus Pesticide M alathion on HepatoRenal and Reproductive Organs of Heteropneustes
fossilis (Bloch). The Science Probe, 1(1):1-13.
Demirdöğen, B.C. (2010). Organofosfatlı Pestisit
Zehirlenmeleri ve Serum Paraoksonaz 1 (Pon1)
Enziminin Organofosfat M etabolizmasındaki Rolü.
Türk Hijyen ve Deneysel Biyoloji Dergisi, 2:97-112.
Ding, J.L., Lim, E.H. & Lam, T.J. (1994). Cortisol-Induced
Hepatic Vitellogenin mRNA in Oreochromis aureus
(Steindachner).
General
and
Comparative
Endocrinology, 96(2): 276-287. https://doi.org/10.
1006/gcen.1994.1183.
Dong, M ., Zhu, L., Shao, B., Zhu, S., Wang, J., Xie, H., ...
& Wang, F. (2013). The effects of endosulfan on
cytochrome P450 enzymes and glutathione Stransferases in zebrafish (Danio rerio) livers.
Ecotoxicology and Environmental Safety, 92: 1-9.
https://doi.org/10.1016/j.ecoenv.2012.10.019.

C. Korkmaz and A.E. Dönmez / Turk. J. Fish. Aquat. Sci. 17: 627-638 (2017)
Dutta, H.M . & M axwell, L.B. (2003). Histological
examination of sublethal effects of diazinon on ovary
of bluegill, Lepomis macrochirus. Environmental
Pollution, 121:95–102. https://doi.org/10.1016/s02697491(02)00201-4.
Dutta, H.M . & M eijer, H.J.M. (2003). Sublethal effects of
diazinon on the structure of the testis of bluegill,
Lepomis macrochirus: a microscopic analysis.
Environmental
Pollution,
125:
355–360.
https://doi.org/10.1016/s0269-7491(03)00123-4.
EPA. (2004). Diazinon IRED Facts. Retrieved from
https://archive.epa.gov/pesticides/reregistration/web/h
tml/ diazinon_ired_fs.html
Fattahi, E., Parivar, K. & Jorsaraei, S.G. (2009). The effects
of diazinon on testosterone, FSH and LH levels and
testicular tissue in mice. Iranian Journal of
Reproductive Medicine, 7(2): 59-64.
Folmar, L.C., Denslow, N.D., Rao, V., Chow, M ., Crain,
D.A., Enblom, J., ... & Guillette Jr, L.J. (1996).
Vitellogenin Induction and Reduced Serum
Testosterone Concentrations in Feral M ale Carp
(Cyprinus carpio) Captured Near a M ajor
M etropolitan Sewage Treatment Plant. Environmental
Health
Perspectives,
104(10):1096-1101.
https://doi.org/10.2307/3433123.
Folmar, L.C., George, R.G. & Schreibman, M .P. (2001).
Vitellogenin-induced pathology in male summer
flounder (Paralichthys dentatus). Aquatic Toxicology,
51:431–441. https://doi.org/10.1016/s0166-445x(00)
00121-1 .
Fuji, Y. & Asaka, S. (1982). M etabolism of Diazinon and
Diazoxon in F ish Liver Preparations. Bulletin of
Environmental Contamination Toxicology, 29:445460. https://doi.org/10.1007/bf01605611.
Fulton, M .H. & Key, P.B. (2001). Acetylcholinesterase
inhibition in estuarine fish and invertebrates as an
indicator of organophosphorus. Environmental
Toxicology
and
Chemistry,
20(1):
37-45.
https://doi.org/10.1897/1551-5028(2001)020<0037:
aiiefa>2.0.co;2.
FWS. (2001). Histology for Finfish. Retrieved from
http://www.fws.gov/policy/aquatichandbook
/Volume_2/Chapter13 Histology.pdf.
Gawish, A.M ., Issa, A.M . & Ali, M .A. (2011).
Histopathological, Histochemical and Biochemical
Studies on the Effects of Lorsban on the Liver of Nile
Tilapia and the Possible Declaring Effect of
Antioxidants. Australian Journal of Basic and Applied
Sciences, 5(12): 75-94.
Goad, R.T., Goad, J.T., Atieh, B.H., & Gupta, R.C. (2004).
Carbofuran-Induced Endocrine Disruption in Adult
M ale Rats. Toxicology Mechanisms and Methods, 14:
233–239.
https://doi.org/10.1080/1537652049043
4476.
Guimaraes, A.T.B., Silva de Assis, H.C. & Boegera, W.
(2007).
The
effect
of
trichlorfon
on
acetylcholinesterase activity and histopathology of
cultivated fish Oreochromis niloticus. Ecotoxicology
and
Environmental
Safety,
68:
57-62.
https://doi.org/10.1016/j.ecoenv.2006.08.005.
Hong, Y., Yu, B., Sherman, M ., Yuan, Y.C., Zhou, D., &
Chen, S. (2007). M olecular Basis for the
Aromatization Reaction and Exemestane-M ediated
Irreversible Inhibition of Human Aromatase.
Molecular
Endocrinology,
21(2):
401-414.
https://doi.org/10.1210/me.2006-0281.
Hotchkiss, A.K., Rider, C.V., Blystone, C.R., Wilson, V.S.,

637

Hartig, P.C., Ankley, G.T., ... & Gray, L.E. (2008).
Fifteen Years after ‘‘Wingspread’’ Environmental
endocrine disrupters and human and wildlife health:
where we are today and where we need to go.
Toxicological
Sciences,
105(2):
235–259.
https://doi.org/10.1093/toxsci/kfn030.
Husoy, A.M ., Myers, M .S. & Goksoyr, A. (1996). Cellular
localization of cytochrome P450 (CYPlA) induction
and histology in Atlantic cod (Gadus morhua L) and
European flounder (Platichthys flesus) after
environmental exposure to contaminants by caging in
Sarrfiorden, Norway. Aquatic Toxicology, 36:53-74.
https://doi.org/10.1016/s0166-445x(96)00797-7.
Ishibashi, H., M atsumura, N., Hirano, M ., M atsuoka, M .,
Shiratsuchi, H., Ishibashi, Y., ... & Arizono, K.
(2004). Effects of triclosan on the early life stages and
reproduction of medaka Oryzias latipes and induction
of hepatic vitellogenin. Aquatic Toxicology, 67:167179. https://doi.org/10.1016/j.aquatox.2003.12.005.
Jamili, S., Hoseini, M .M . & M ashinchian, A. (2008).
Effects of diazinon on female Chalcalburnus
chalcoides serum estradiol levels. Toxicological &
Environmental
Chemistry,
90(1):
107–112.
https://doi.org/10.1080/02772240701284436.
JPR. (2000). Diazinon Toxicology. Retrieved from
http://www.pesticide.org/get-the-facts/pesticidefact
sheets/factsheets/diazinon. 18.09.2013.
Kime, D.E. (2012). Endocrine disruption in fish. Springer
Science & Business M edia, United States of America,
396 pp.
Kitamura, S., Suzuki, T., Ohta, S., & Fujimoto, N. (2003).
Antiandrogenic Activity and M etabolism of the
Organophosphorus Pesticide Fenthion and Related
Compounds. Environmental Health Perspectives,
111(4) : 503-508. https://doi.org/10.1289/ehp.5917.
Kunjamma, A.K., Philip, B. & Bhanu, S.V. (2008).
Histopathological
effects
on
Oreochromis
mossambicus (Tilapia) Exposed to Chlorpyrifos.
Journal of Environmental Research and Development,
2(4): 553–559.
Langiano, V.C. & M artinez, C.B.R. (2008). Toxicity and
effects of a glyphosate-based herbicide on the
Neotropical fish Prochilodus lineatus. Comparative
Biochemistry and Physiology, 147: 222-231.
https://doi.org/10.1016/j.cbpc.2007.09.009.
Larkin, D.J. & Tjeerdema, R.S. (2000). Fate and Effects of
Diazinon. Reviews of Environmental Contamination
and Toxicology, 166: 49-82. doi: 0179-5953
Lee, Y.M ., Seo, J.S., Kim, I. C., Yoon, Y.D., & Lee, J.S.
(2006). Endocrine disrupting chemicals (bisphenol A,
4-nonylphenol,
4-tert-octylphenol)
modulate
expression of two distinct cytochrome P450
aromatase genes differently in gender types of the
hermaphroditic fish Rivulus marmoratus. Biochemical
and Biophysical Research Communications, 345: 894903. https://doi.org/10.1016/j.bbrc.2006.04.137.
Lomax, D.P., Roubal, W.T., M oore, J.D., & Johnson, L.L.
(1998). An enzyme-linked immunosorbent assay
(ELISA) for measuring vitellogenin in English sole
(Pleuronectes vetulus): development, validation and
cross-reactivity
with
other
pleuronectidis.
Comparative Biochemistry and Physiology Par t B,
(121): 425–436. https://doi.org/10.1016/s0305-0491
(98)10125-6.
M áchová, J., Prokeš, M ., Svobodová, Z., Žlábek, V., Peňáz,
M ., & Baruš, V. (2007). Toxicity of diazinon 60 EC
for Cyprinus carpio and Poecilia reticulata.

638

C. Korkmaz and A.E. Dönmez / Turk. J. Fish. Aquat. Sci. 17: 627-638 (2017)

Aquaculture
International,
15:
267-276.
https://doi.org/10.1007/s10499-007-9078-1.
M axwell, L.B. & Dutta, H.M . (2005). Diazinon-induced
endocrine disruption in bluegill sunfish, Lepomis
macrochirus. Ecotoxicology and Environmental
Safety, (60): 21-27. https://doi.org/10.1016/j.ecoenv.
2003.12.015.
M oore, A. & Waring, C.P. (1996). Sublethal effects of the
pesticide Diazinon on olfactory function in mature
male Atlantic salmon parr. Journal of Fish Biology,
48(4): 758–775. https://doi.org/10.1111/j.1095-8649.
1996.tb01470.x.
M unkittrick, K.R., Servos, M .R., Van Der Kraak, G.J.,
M cM aster, M .E., Portt, C.B. & Van Den Heuvel,
M .R.
(1994).
Survey
of
receiving-water
environmental impacts associated with discharges
from pulp mills 2 Gonad size, liver size, hepatic erod
activity and plasma sex steroid levels in white sucker.
Environmental Toxicology and Chemistry, 13(7):
1089–1101. https://doi.org/10.1897/1552-8618(1994)
13[1089:soreia]2.0.co;2.
Nieves-Puigdoller, K., Björnsson, B.T. & M cCormick, S.D.
(2007). Effects of hexazinone and atrazine on the
physiology and endocrinology of smolt development
in Atlantic salmon. Aquatic Toxicology, (84): 27-37.
https://doi.org/10.1016/j.aquatox.2007.05.011 .
Nostrandt, A.C., Padilla, S. & M oser, V.C. (1997). The
Relationship of Oral Chlorpyrifos Effects on
Behavior, Cholinesterase Inhibition, and M uscarinic
Receptor Density in Rat. Pharmacology Biochemistry
and Behavior, 58(1): 15–23. https://doi.org/10.1016/
s0091-3057(96)00458-3.
Ogueji, E.O., Auta, J. & Balogun, J.K. (2007). The
histopathological effects of sublethal concentrations
of chlorpyrifos-ethyl on the liver and gills of African
catfish, Clarias gariepinus. Chemclass Journal, 4: 4959.
Oruç, E. (2010). Oxidative stress, steroid hormone
concentrations and acetylcholinesterase activity in
Oreochromis niloticus exposed to chlorpyrifos.
Pesticide Biochemistry and Physiology, (96): 160166. https://doi.org/10.1016/j.pestbp.2009.11.005.
Pope, C.N. (1999). Organophosphorus Pesticides: Do They
All Have The Same M echanism Of Toxicity. Journal
of Toxicology and Environmental Health Par t B,
(2):161–181. https://doi.org/10.1080/1093740992812
05.
Rahman, M .Z., Hossain, Z. & M ollah, M .F.A. (2002).
Effect of diazinon 60 EC on Anabas testudineus,
Channa punctatus and Barbodes gonionotus. Naga
the ICLARM Quarterly, 25(2): 8-12.
Rodrigues, E.L. & Fanta, E. (1998). Liver Histopathology
of The Fish Brachydanio rerio Hamilton-Buchman
After Acute Exposure to Sublethal Levels of The
Organophosphate Dimethoate 500. Revista Brasileira
de Zoologia, 15(2): 441-450. https://doi.org/10.1590/
s0101-81751998000200014.
Ruehl-Fehlert, C.I., Bomke, C. & Dorgerloh, M . (2005).
Histopathological evaluation and plasma vitellogenin
measurements in a fish screening assay for endocrine

modulating compounds. Retrieved from http://www
cefic-lri.org/uploads/Project%20publications/LRI37
(OECD38) %20.
Shiogiri, N.S., Paulino, M .G., Carraschi, S.P., Baraldi, F.G.,
da Cruz, C., & Fernandes, M .N. (2012). Acute
exposure of a glyphosate-based herbicide affects the
gills and liver of the Neotropical fish, Piaractus
mesopotamicus. Environmental Toxicology and
Pharmacology, 3(4): 388-396. https://doi.org/10.
1016/j.etap.2012.05.007
Sole, M ., Barcelo, D. & Porte, C. (2002). Seasonal variation
of plasmatic and hepatic vitellogenin and EROD
activity in carp, Cyprinus carpio, in relation to sewage
treatment plants. Aquatic Toxicology, 60: 233-248.
https://doi.org/10.1016/s0166-445x(02)00009-7.
Sole, M ., Raldua, D. & Piferrer, F. (2003a). Feminization
ofwild carp, Cyprinus carpio, in a polluted
environment: plasma steroid hormones, gonadal
morphology and xenobiotic metabolizing system.
Comparative Biochemistry and Physiology Part C,
(136):
145-156.
https://doi.org/10.1016/s15320456(03)00192-3.
Solé, M ., Raldua, D., Piferrer, F., Barceló, D., & Porte, C.
(2003b). Long-term exposure effects in vitellogenin,
sex hormones, and biotransformation enzymes in
female carp in relation to a sewage treatment works.
Ecotoxicology and Environmental Safety, 56:373-380.
doi: 10.1016/S0147-6513(02)00143-4.
Spanò, L., Tyler, C.R., van Aerle, R., Devos, P., M andiki,
S. N. M ., Silvestre, F., ... & Kestemont, P. (2004).
Effects of atrazine on sex steroid dynamics, plasma
vitellogenin concentration and gonad development in
adult goldfish (Carassius auratus). Aquatic
Toxicology, 66: 369-379. https://doi.org/10.1016/
j.aquatox.2003.10.009.
Velisek, J. & Svobodova, Z. (2004). Anaesthesia of
Common Carp (Cyprinus carpio) with 2phenoxyethanol: Acute Toxicity and Effects on
Biochemical Blood Profile. Acta Vet Brno, 73:247252. https://doi.org/10.2754/avb200473020247.
Velmurugan, B., Selvanayagam, M ., Cengiz, E. I., & Unlu,
E. (2009). Histopathological Changes in the Gill and
Liver Tissues of Freshwater Fish, Cirrhinus mrigala
Exposed to Dichlorvos. Brazilian Archives of Biology
and
Technology,
52(5):
1291-1296.
https://doi.org/10.1590/ s1516-89132009000500029.
Wall, S.B. (1999). Sublethal effects of cadmium and
diazinon on reproduction and larval behavior in
zebrafish (Brachydanio rer io). PhD thesis. Texas
Tech University, Texas, USA.
Watterson, A.E. (1999). Regulating pesticides in the UK: a
case study of risk management problems relating to
the organophosphate diazinon. Toxicology Letters,
107: 241-248. https://doi.org/10.1016/s0378-4274(99)
00053-3.
Yang, H.S., Hodgson, E. & Dauterman, W.C. (1971).
M etabolism in vitro of Diazinon and Diazoxon in Rat
Liver. Journal of Agricultural and Food Chemistry,
19(1):10–13. https://doi.org/10.1021/jf60173a040.

