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Abstract: As in other oviparous vertebrates, 17p-estradiol (E2) is a sex hormone
present in fishes. E2 has a complex effects on the liver, female reproduction,
sexual development and other organs. On the other hand, estrogenic compounds
are also present in the aquatic environment by domestic waste and can adversely
affect on aquatic organisms. The present study is aimed to investigate the effects
of the injected E2 in a short period on the total weight, liver weight, gonad weight,
hepatosomatic index (HSI), gonadosomatic index (GSI), plasma total protein, and
vitellogenin (Vtg) levels on Chalcalburnus tarichi. It was found that the injected
E2 caused an increase in all the measured values. However, only the liver weight,
HSI, plasma total protein, and Vtg levels were found to be statistically significant
(P<0.05). In addition, it was found that the liver glycogen content did not change
the histological after E2 injection. According to SDS-PAGE and Western Blot
analyses, the molecular weight of C. tarichi Vtg was found to be 145 kDa.

Key words: Chalcalburnus tarichi, Vitellogenin, 17p-estradiol, Glycogen, Lake
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17p-Estradioliin inci Kefalinde Vitellogenin, Total
Protein, Histokimyasal ve Baz1 Morfolojik indeksler

Uzerine Etkisinin incelenmesi

Ozet: 17B-Estradiol (E2) diger ovipar omurgalilarda oldugu gibi
baliklarda da bir cinsiyet hormonudur. E2 karacigerde, disi {ireme sisteminde,
cinsel gelisiminde ve diger organlar iizerinde kompleks etkilere sahiptir. Fakat
ostrojenik bilesikler evsel atiklar ile sucul ortamlarda bulunabilmekte ve sucul
canlilar tlizerine ters etkiler olusturmaktadir. Bu calismada E2’nin inci kefali

(Chalcalburnus tarichi)’nde total agirhk, karaciger agirligi, gonad agirhigy,
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hepatosomatik indeks (HSI), gonadosomatik indeks (GSI), plazma total protein ve

vitellogenin (Vtg) tzerine etkileri arastirildi. E2 enjeksiyonu, Olgiilen biitiin

degerlerde artisa neden olmasma ragmen bu artig sadece karaciger agirligi, HSI,

plazma total protein ve Vtg seviyelerinde istatistiksel olarak onemli

bulundu

(P<0.05). E2 enjeksiyonu karaciger glikojeni iizerine histolojik olarak herhangi

degisime neden olmadi. Ayrica SDS-PAGE ve Western Blot analizleri sonucunda

inci kefali Vtg proteinin molekiiler agirligmin 145 kDa oldugu belirlendi.

Anahtar kelimeler: Chalcalburnus tarichi, Vitellogenin, 17p-estradiol, Glikojen,

Van Goli

INTRODUCTION

Like in other oviparous vertebrates,
oocyte growth occurs by the uptake of the
plasma egg yolk precursor protein
(Vitellogenin) during the vitellogenin phase
of oogenesis in fishes. This process is mainly
coordinated under the control of 17p-
estradiol. The egg yolk is a significant source
of nutrition for developing embryos and
larvae (Wallace and Selman 1981; Arukwe
and Goksoyr 2003). Vtg is not synthesized in
the male fish. However, it can be induced in
males by the exposure of exogenous
1980).

Therefore, vitellogenin is an indicator of the

estrogens (De Vlaming et al
presence of estrogen like chemicals in the
aquatic environment (Sumpter and Jobling
1995).

Various synthetic chemicals are
known to disrupt the endocrine systems of
living organisms and are referred to as
endocrine disrupting chemicals. Some of

these chemicals are oestrogen mimicking.

Examples of such chemicals include
pesticides, polychlorinated biphenyls,
polycyclic aromatic hydrocarbons,

surfactants, and plasticizers (Sumpter and
Jobling 1995). Natural (17p-estradiol, estriol
and estrone) and synthetic oestrogens (17a-
Etyhynl estradiol) through domestic wastes
could also contaminate the aquatic
environment (Pojana et al, 2007). The
important sources of oestrogens are domestic
effluents and livestock waste. Moreover, the
estrogenic activities of natural 17f-estradiol
are considerably higher than that of
endocrine disrupting chemicals in in vivo and
in vitro assays (Folmar et al. 2002; Van den
Belt et al. 2004).

Chalcalburnus tarichi is an endemic
cyprinid species indigenous to Lake Van in
the Eastern Anatolia region of Turkey. In the
lake, a parallel increase of pollution has been
observed with an increase in the population.
Abnormalities in the gonads of both male and
female fishes are a dominant indicator of the
pollution (Unal et al. 2007). Unal et al.
(2007) explained that these abnormalities
could originate from endocrine disrupting
chemicals.

E2 has been accepted as one of the

endocrine disrupting chemicals. Therefore,
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the aim of this study was to determined the
molecular weight of Vtg protein and assess
the potential impact of E2 on vitellogenin,
total protein, and the histochemical and

morphological indexes on C. tarichi.

MATERIALS and METHODS

Experimental animal

Chalcalburnus tarichi (11.5-13.5 cm
and 15.88-38.90 g), used in the present study,
were caught from Lake Van. The adult fishes
were kept in the municipal tap water until the
process of E2 injection. Through the course
of the experiment, the fishes were fed twice
with commercial rainbow trout food. The
fishes were maintained at an ambient
temperature and in a normal photoperiod. All
experimental procedures were carried on
according to national animal care regulation.

C. tarichi were injected with 1 mg/kg
E2 intraperitonally. Bloods were drawn from
the caudal vessel using a heparinized syringe
after five days of E2 injection. Bloods were
transferred to 1.5 mL eppendorf tubes that
contained 25ul heparin and 25uL of the
protease inhibitor aprotinin. Subsequently,
the samples were centrifuged at 1.500xg for
15 minutes. The plasma was aspirated with a
micropipette. Plasma were stored at -80 C
until further analysis. The fishes were
sacrificed and dissected after the blood
collection. The liver and the ovary were

weighed  (g). The
(GSI) and

removed and

Gonadosomatic index

hepatosomatic index (HSI) values were
calculated as follows:

GSI= (total gonad weight / total body
weight) X 100.

HSI= (total liver weight / total body

weight) X 100.

Histology

Ovary and hepatocyte tissue samples
were fixed bouins fixative for least 24 h then
transferred to 70 % ethanol. Fixed tissues
were dehydrated in graded ethanol series,
cleared in xylene and embedded in paraffin.
Sections taken (5 pm) from ovary and liver
tissues were stained with Hematoxylin-Eosin
and Periodic Acid-Schiff (PAS). Sections
were examined by light microscopy and then

photographs were taken.

Electrophoresis and Western Blots

Plasma samples were analyzed using
a 7.5% separating gel, and a 4.5 % stacking
gel sodium dodecyl sulfate-polyacrilamide
gel in the electrophoresis technique (SDS-
PAGE) (Laemmli 1970). Plasma samples
were then diluted with the sample buffer
(0.25 M Tris-HCI, pH 6.8, 20% glycerol, 4%
SDS, 10 2%-Mercaptoetanol and  0.2%
blue). Electrophoresis was
carried out at 25mA for 4 hours. The markers
(212 kDa-55.5 kDa) of known molecular

bromphenol

weight were used in the gel to determine the
molecular weight of Vtg. Two different gels
containing the same plasma sample were

prepared in the course of the present study.
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After electrophoresis, the first gel was stained
with Coomassie Brillant Blue for 10 minutes.
The second gel was transferred to the
Polyvinylidene Difloride (PVDF) membrane
for Western Blot analysis.

Following the SDS-PAGE process,
the Western Blot analysis of PVDF
membrane (Bio-Rad) was performed using a
transfer buffer (Transfer buffer: 25 mM Tris,
192 mM glycine and 200 mL methanol for
1L). The transfer of proteins was realized at 3
hours for 300 mA. To prevent a non specific
combination of the membrane, 0.05% Tween
20 (TBS-T) and 25mM Tris including 5%
milk powder was maintained at room
temperature. The primer antibody (rabbit anti
carp vitellogenin polyclonal antibody,
Biosence, Norway) was diluted with the
PVDF membrane TBS-T at the ratio of
1:1.000 and incubated for an hour at room
temperature. After the incubation, the
membrane was washed 3 times with TBS-T
and incubated with alkaline phosphatase
conjugated with goat anti-Rabbit IgG
antibody (1:10.000 Sigma). The membrane
was further incubated in the solution of 5-
brome-4chloro-3-indolyl  phosphate  and
nitrobluetetrazolium including 100 mM NaCl

and 5 mM MgCl, (pH 9.5) in 0.1 M Tris-HCI

buffer and the color formation was observed.

The color reactions stopped after the
membrane was taken into the water.
Total protein content
The total plasma protein
concentration was determined by the method
of Bradford (Bradford 1976) using bovine
serum albumin as the protein standard.
Enzyme-linked immunosorbent

(ELISA)

assay

The concentration of Vitellogenin in
the plasma was determined using the Carp
VTG enzyme-linked immunosorbent assay
(ELISA) kit supplied by Biosense
Laboratories (Bergen, Norway). The plasma
was diluted at the ratio of 1:500.000. All
followed in

assay  procedures  were

accordance with the manufacturer. In
addition, all plasma samples were analyzed in

duplicate.

Statistical analysis

The unpaired student test method was
used for comparing the data among the
different binary groups. The data was
expressed as a meantstandard error on the
mean (SEM). The statistical significance was

inferred at P<0.05.
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RESULTS

The effect of E2 on Vitellogenin, total
protein, and some morphological indices
The total height, total weight, liver
weight, gonad weight, HSI, GSI, plasma total
protein, and the Vtg levels of injected with

E2 and the control group fishes are given in

Table 1. It was found that, there was an
increasing in all the measurements as shown
in Table 1. However, it was determined that
this increase was statistically significant only
in the liver weight (0.65+0.08 g), HSI value
(5.87+£0.86 %), plasma total
(48.274+3.845 mg/mL), and Vtg
(46.427+1.346 mg/mL) levels (P<0.05).

protein

Table 1. Total height, total weight, liver weight, gonad weight, hepatosomatic index (HSI),

gonadosomatic index (GSI), plasma total protein and vitellogenin levels in fishes of control

group and E2 treatment group. The values which are measured were given as Mean +Standard

error of mean. n: number of the animals, *: P<0.05

Control group (n:5)

E2 treatment group(n:5)

Fork lenght (cm) 12.20+0.25 13.20+0.51
Total weight (g) 18.33+1.19 25.70+3.09
Liver weight (g) 0.34+0.040 0.65+0.08*
Gonad weight (g) 0.77£0.11 1.57+£0.41
HSI (%) 4.20+0.47 5.87+0.86*
GSI (%) 1.86+0.11 2.56+0.10
Total protein (mg/mL) 20.904+2.279 48.274+3.845%
Vitellogenin (mg/mL) 1.015+0.740 46.427+1.346%*
Histology

Following the histological observed that there was no clear and

investigation, all of the fishes injected with
E2 and the members of the control group
were determined as females. The samples
taken from the livers of these fishes were

stained with the periodic acid-Schiff. It was

significant difference in the density of
glycogen content in the liver tissues of the E2
injected fishes and that of the control group
fishes (Figure 1A and B). It was observed
that the glycogen ingredient in the hepatocyte

varied individually
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Figure 1. Glycogen content in the liver of Calcalburnus tarichi A) Control and B) E2 treatment group.

(PAS).

Electrophoresis and Western Blot

To determine the molecular weight of
Vtg in C. tarichi, the SDS-PAGE
electrophoresis technique was performed on
the plasma samples of the E2 injected
females, the control females, male, and
juvenile fishes (Figure 2A). The obtained Vtg
bands were verified using western blot and
carp polyclonal antibody (Rabbit anti-carp
Vitellogenin polyclonal antibody, Biosense,
Norway) (Figure 2B). Accordingly, the Vtg
n C
determined as 145 kDa. In this study, both

molecular  weight tarichi was
electrophoresis and Western Blot analysis
were used. However, the vtg band was
observed only in the E2 injected female
fishes. The vtg band was not observed in the
plasma samples of the male and juvenile

fishes.

200 kDa-»

i

150 kDa-»
—145kDa

120 kDa-»

100 kDa-»

85 kDa-»

Er  Female  Male Jwenle E  Female M Juvenle

Figure 2. Determination of the molecular weight
of vitellogenin in plasma samples on
Chalcalburnus tarichi A) SDS-PAGE
separation of serum samples from E2

injected, female, male and juvenile fish

collected from Lake Van B) Western

blot analysis with the same plasma

samples using carp polyclonal antibody

(Rabbit anti-carp Vitellogenin
polyclonal antibody, Biosense,
Norway).
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DISCUSSION

In the present study, the
gonadosomatic index (GSI), hepatosomatic
index (HSI), plasma total protein, Vtg levels,
and glycogen content in liver and the
molecular weight of Vtg protein were

determined  after E2  injection in
Chalcalburnus tarichi.
Vitellogenin is a precursor egg
protein in the glycophospholipoprotein
structure that is synthesized in the liver. In
the studies conducted on several fishes, the
increasing values of HSI, plasma total
protein, and Vtg levels were defined during
the vitellogenesis phase (Johnson et al. 1991;
Koya et al. 2003). Similarly, an increase in
the HSI value, plasma total protein, and the
levels of Vtg were defined in E2 injected
Salmo gairdneri (Van Bohemen et al. 1982;
1985; Flet and

Leatherland 1989) and Zoarces viviparus

Haux and Norberg
(Korsgaard and Petersen 1979). In addition,
after E2 injection, it was reported that there
was an increase in the liver lipid level of
Carassius auratus (De Vlaming et al. 1980)
and the water content in the liver of Channa
punctatus (Sehgal and Goswami, 2001). In
the present study, it was clearly defined that
there was an increase in the HSI value,
plasma total protein, and Vtg levels of C.
tarichi after E2 injection (Tablel.). It was
observed that E2 clings to the receptors in the
liver cells and causes an increase in the Vtg
and total protein levels, which are precursors

of egg proteins (Flouriot et al. 1997). No

significant increase in the lenght, total
weight, gonad weight, and GSI value in C.
tarichi after E2

(P>0.05). The lenght and weight of fishes

injection was observed

were found to vary according to the age and
feeding patterns. The GSI value is obviously
related to oocyte growth and increases during
the vitellogenesis

(Johnson et al. 1991). The increase in the HSI

and maturing phases

and GSI values is parallel with the plasma E2
and Vtg levels during the Vitellogenesis
phase (Koya et al. 2003). However, it was
determined that the increase of the gonad
weight and GSI values in the E2 injected
fishes was not significant. Similarly, it was
observed that the GSI value did not change
14 days after 17a-Etyhynl estradiol was
added to water and 7 days after injection in
Oncorhynchus mykiss (Verslycke et al. 2002).
Thus, it can be mentioned that the
insignificant difference of GSI values after
E2 injection in C. tarichi could be a result of
the short duration of the experimental period
(5 days).

As in other vertebrates, glycogen is
the first energy source used by fishes. At the
same time, glycogen participates in the Vtg
structure. Histological investigation indicated
that the content of glycogen decreases with
the injection of E2, Ictalurus punctatus, in the
cells during the synthesis of Vtg (Pacoli et al.
1991). In addition, it was seen that the

content of glycogen decreases in the liver of

Carassius auratus (De Vlaming et al. 1980),
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and Platichtys flesus
1983) when biochemical

Salmo  gairdneri,
(Petersen et al.
methods were used. In this study, it was
observed that no difference in the content of
glycogen in hepatocytes compared to injected
E2 fishes and control fishes. The reason
could be due to a result of the short duration
of the experimental time. Nevertheless, to
arrive at a definite conclusion, the glycogen
level in the liver tissue extract must be
measured.

The molecular weight of Vtg in
fishes varies according to the species. The
molecular weight of Vtg was observed as
150kDa in Ictalurus punctatus (Goodwin et
al. 1992), 154kDa in Oncorhynchus mykiss
(Watts et al. 2003), 150kDa in Pimephales
promelas (Zhang et al. 2004), 130 kDa in
Pleuronects vetulus (Roubal et al. 1997), 190
and 156kDa two bands in Cyprinus carpio
(Fukada et al. 2003), 180kDa in Sparus
aurata (Mosconi et al.1998), and 134 kDa in
Phoxinus oxycephalus (Park et al. 2003). The
antibodies of the specific fishes were used in
these studies. However, it was demonstrated
that the antibodies against carp (Cyprinus
carpio) Vtg showed good cross-reactivity
with Vtgs of several other cyprinids (Tyler et
al. 1996; Nilsen et al. 2004). Nilsen et al.
(1998) pointed out that polyclonal and
monoclonal antibodies, which they created
against Salmo salar, made cross-reactions

with Vtg of the other fish species. In this

study, carp Vtg polyclonal antibody was used
and the molecular weight of Vtg of the C.
tarichi was identified as 145 kDa. It was
observed that the molecular weight in C.
tarichi was within the defined limit of values
in the Cyprinid species which belong to the
same family as well. Thus, it indicates that
the molecular weight could change from one
species to another. In this study, the Vtg band
could not be determined in the plasma of the
male and juvenile fishes caught in Lake Van.
The absence of vitellogenin in plasma of both
male and juvenile fish may have indicated
that Lake Van is clean in terms of estrogen

mimicking chemicals.

Acknowledgments

This study was supported by grant
(2006 FED 024) from Department of
Scientific Research Project, Yiiziincii Yil

University.

References

Arukwe, A., Gokseyr, A., 2003. Eggshell and egg
yolk proteins in fish: hepatic proteins for
the next  generation:  oogenetic,
population, and evolutionary implications
of endocrine distruption, Comparative
Hepatology, 2, 4.

Bradford, M., A., 1976. Rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the

principle of protein-dye binding. Anal

Biochem., 72:248-254.

91

Yiiziincii Yil Universitesi Fen Bilimleri Enstitiisii Dergisi/ Journal of The Institute of Natural & Applied Sciences



Oguz ve Unal

De Vlaming, V. L., Wiley, H. S., Delahunty, G.,

Flett, P.

Wallace, R. A. 1980. Goldfish

(Carassius auratus) vitellogenin:
induction, isolation, properties and
relationship to yolk proteins, Comp.
Biochem. and Physiol. 67: 613-623.

A., Leatherland, J. F., 1989. Dose related
efects of 17- P estradiol (E2) on liver
weight, plasma E2, protein, calcium and
thyroid hormone levels and measurement
of the binding of thyroid hormones to
vitellogenin in rainbow trout, Salmo

gairdneri Richardson. j Fish Biol.,
34:515-527.

Flouriot, G., Pakdel, F., Ducouret, B., Ledrean,

Folmar,

Fukada,

Y., Valotaire, Y., 1997. Differential
regulation of two genes implicated in fish
reproduction: Vitellogenin and estrogen
receptor genes. Molecular Reproduction
and Development, 48:317-323.
L. C., Hemmer, M. J., Denslow, N. D.,
Kroll, K., Chen, J., Cheek, A., Richman,
H., Meredith, H., Grau, E. G. 2002. A
comparison of the estrogenic potencies of
estradiol, ethynylestradiol,
diethylstilbestrol,  nonylphenol  and
methoxychlor in vivo and in vitro. Aquat
Toxicol. 60:101-110.

H., Fujiware, Y., Takahashi, T,

Hiramatsu, N., Sullivan, C. V., Hara, A.,

2003. Carp (Cyprinus carpio)
vitellogenin: purification and
development of a  simultaneous

chemiluminescent immunoassay. Comp.

Biochem. and Physiol., 134A: 615-623.

Goodwin, A. E., Grizzle, J. M., Bradley, J.T.,

Estridge, B. H., 1992. Monoclonal
antibody-based immunoassay of
vitellogenin in the blood of male channel
catfish (Ilctalurus punctatus). Comp.

Bioch. Phys.101B (3):441-446.

Haux, C., Norberg, B., 1985. The influence of

estradiol-17 B on the liver content of
protein, lipids, glycogen and nucleic
acids in juvenile rainbow trout, Salmo
gairdnerii. Comp. Biochem. Physiol.,
81B: 275-279.

Johnson, L. L., Casillas, E., Myers, M. S,

Rhodes, D. L., Olson, O. P., 1991.
Patterns of oosit devolopment and related
changes in plasma 17-f estradiol,
vitellogenin and plasma chemistry in
English sole, Poraphrys vetulus girard,
J.Exp.Mar. Biol. Ecol., 152:161-185.

Korsgaard, B., Petersen, 1., 1979. Vitellogenin,

lipid and carbohydrate metabolism
during vitellogenesis and pregnancy,
after hormonal induction in the Blenny
zoarces viviparus (1). Comp. Biochem.

Physiol., 63B: 245-251.

Koya, Y., Soyano, K., Yamamoto, K., Obana, H.,

Matsubara, T., 2003. Oocyte
development and serum profiles of
vitellogenin and steroid hormone levels
in captive famale pacific herring Clupea
pallasii during their first maturational

cycle. Fish. Sci., 69: 137-145.

Laemmli, U., K., 1970. Cleavage of structural

proteins during the assembly of the head
of bacteriophage T4. Nature. 227:680-
685.

92

Cilt/Volume: 7, Sayi/Issue:2. 2012



The effects of 17 —estradiol on vitellogenin, total protein, histochemical, and some morphological..

Mosconi, G., Carnevali, O., Carletta, R., Nabissi,

M., Polzonetti-Magni, A. M., 1998.
Gilthead Seabream (Sparus aurata)
vitellogenin: purification, partial

characterization, and validation of an

enzyme-linked immunosorbent assay
(ELISA). Gen. and Comp. Endocrinol,
110:252-261.

Nilsen, B. M., Berg, K., Arukwe, A., Goksoyr, A.
(1998)
antibodies against fish vitellogenin for

Mar.

Monoclonal and polyclonal
use in pollution monitoring.
Environ. Res., 46:153-157.

Nilsen, B. M., Berg, K., Eidem, J. K. 2004.
Development of quantitative
vitellogenin-ELISAs for fish test species
used in endocrine disruptor screening.
Anal. Bioanal. Chem., 378:621-633

Pacoli, C. Q., Grizzle, J. M., Bradley J. T., 1991.
Immunohistochemical localization of

vitellogenin and associated morphologic

of channel

Can. J.

changes in hepatocytes
catfish, Ictalurus punctatus.
Zool., 69: 7-14.

Park, C. H., Kim, B. H., Na, O S., Choi, Y. C,,
Lee, Y. D.,, Baek, H. J., Kim, H. B.,
Takemura, A. 2003. Induction of in Vitro
vitellogenin

synthesis by bisphenol,

nonylphenol and  octtylphenol in

Chinnese minnow (Phoxinus
oxycephalus) hepatocytes. Korean J.
Biol. Sci., 7:227-235.

Petesen, I.M., Sand, O., Korsgaard, B., 1983. A
time course study of the effect of
repetitive doses of estradiol-17 B on
serum glucose and lipids, liver glycogen
an  some

carbohydrate metabolizing

enzymes in liver of male flounder

(Platichtys flesus L.). Comp. Biochem.
Physiol., 74B: 459-466.

Pojana, G., Gomiero, A., Jonkers, N., Marcomini,
A., 2007. Natural and synthetic endocrine
distrupting compounds (EDCs) in water,
sediment and biota of coastal lagoon.
Environment International, 33: 929-
936.

Roubal, W. T., Lomax, D. P.,, Wills, M. L.,
Johnson, L. L., 1997. Purification and
partial characterization of english sole

Vitellogenin.

Physiol.,

(Pleuronectes  vetulus)

Comp. Biochem and
118B:613-622.

Sehgal, N., Goswami, S. V., 2001. Biochemical
changes in the liver of indian freshwater
murrel Channa punctatus (Bloch) during
estradiol induced vitellogenin Synthesis.
Fish Biochem. and Physiol., 24:149-
155.

Sumpter, J. P., Jobling, S., (1995). Vitellogenesis

as a biomarker for  estrogenic
contamination of the aquatic
environment, Environmental Health

Perspectives, 103(7): 173-178.
Tyler, C.R., Van der Eerden, B., Jobling, S. 1996.
Measurement  of  vitellogenin, a
biomarker for exposure to oestrogenic
chemicals, in a wide variety of cyprinid
fish. J. Comp. Physiol., 166:418-426.

Unal, G., Tiirkoglu, V., Oguz, A. R., Kaptaner, B.

2007. Gonadal histology and some
biochemical characteristics of
Chalcalburnus tarichi (Pallas, 1811)

having abnormal gonads. Fish Physiol.
Biochem., 33:153-165.

Van Bohemen, C. G., Lambert, J. G. D., Goos, H.
J.Th., Van Oordt, P. G. W. J., 1982.

Estrone and estradiol participation during

93

Yiiziincii Yil Universitesi Fen Bilimleri Enstitiisii Dergisi/ Journal of The Institute of Natural & Applied Sciences



Oguz ve Unal

exogenous vitellogenesis in the famele
rainbow trout, Salmo gairdneri. Gen.

and Comp. Endocrinol., 46: 81-92.

Van den Belt, K., Berckmans, P., Vangenechten,

C., Verheyen, R., Witters, H. 2004.
Comparative study on the in vitro/in vivo
estrogenic potencies of 17beta-estradiol,
estrone, 17alpha-ethynylestradiol and
nonylphenol. Aquat Toxicol. 66(2):183-

95.

Verslycke, T., Vandenbergh, G. F., Versonnen,

B., Arijs, K., Jassen, C. R., 2002.

Induction of vitellogenesis in 17a-

ethinylestradiol-exposed rainbow trout

(Oncorhynchus  mykiss): a method

comparison. Comp. Biochem. and

Physiol., 132:483-492.

Wallace, R.A., Selman, K. (1981). Cellular and

Dynamic Aspects of Oocytes Growth in
Teleosts. Amer. Zool. 21: 325-343.

Watts, M., Pankhurst, N. W., Pryce, A., Sun, B.,

Zhang,

2003. Vitellogenin isolation, purification
and antigenic cross-reactivity in three
teleost species. Comp. Biochem. and
Physiol., 134B:467-476.

M. J, B. I,
Woodburn, K. B., 2004. Quantitatve

F., Bartels, Brodeur,

measurement of fathead minnow

vitellogenin by liquid chromatograhy

combined with tandem mass

spectrometry using a signature peptide of
and

Environ. Toxicol.

Chem., 6 (23):1408-1415.

vitellogenin.

94

Cilt/Volume: 7, Sayi/Issue:2. 2012



