
INTRODUCTION
Polychlorinated biphenyls (PCBs) are considered

endocrine disrupting chemicals (EDCs) because they
have been blamed to change hormonal regulation of
reproduction in many fish species (Khan et al. 2001,
Coimbra et al. 2005, Khan and Thomas 2006, Coimbra
and Reis-Henriques 2007, Daouk et al. 2011) and mam-
mals (Gore et al. 2002, Gregoraszczuk et al. 2005, 2008,
Kotwica et al. 2006, Dickerson and Gore 2007). Despite
the ban on its production over 30 years ago, the PCBs
are detected in the aquatic environment. PCBs are resist-
ant to biodegradation and are lipophilic and that is why
they easy accumulate in exposed organisms (Van Geest
et al. 2011).

The negative effects of PCBs were observed at differ-
ent life stages of the aquatic organisms: during their
embryonic development (Socha et al. 2012), at larvae
stages (Coimbra and Reis- Henriques 2007), as well as in
the adults—inflicting usually disorders related to the
endocrine system (Khan et al. 2001, Coimbra et al. 2005,
Khan and Thomas 2006). In sexually mature fish the expo-
sure to PCBs mixture leads to the neuroendocrine disor-
ders at the hypothalamo-pituitary-gonadal (HPG) axis. For
example, Aroclor 1254 (a common PCBs mixture) modu-
lates gonadotropin secretion in Atlantic croaker,
Micropogonias undulatus (Linnaeus, 1766), and common
carp, Cyprinus carpio L. (see Khan and Thomas 2001,
Socha et al. 2008b). Additionally it was demonstrated
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Background. Endocrine disrupting chemicals (EDCs), among them polychlorinated biphenyls (PCBs), are able
to change the hormonal regulation of reproduction at the hypothalamo-pituitary-gonadal (HPG) axis in many ver-
tebrates. The aim of the presently reported study was to determine the effects of highly chlorinated PCBs mix-
ture—Delor 106—on the in vivo and in vitro luteinizing hormone (LH) secretion from the pituitary gland of
female Prussian carp, Carassius gibelio (Bloch, 1782), at the time of natural spawning.
Materials and methods. In the in vivo experiment we tested exposure to Delor 106: acute (one week at the concen-
tration of 700 ng · L–1) and chronic (5 weeks at increasing weekly concentrations, from 140 through 700 ng · L–1).
Blood samples from all females were taken before intoxication (0 week) and subsequently every week (week
1 through 5) till the end of the experiment. In the in vitro experiment enzymatically dispersed pituitary cells
obtained from sexually mature Prussian carp females were incubated for 5 or 24 h in the presence of Delor 106
at the concentrations of: 1, 5, 10, 50, or 100 ng · mL–1 of medium. LH levels in the incubation medium as well
as in blood plasma were measured using ELISA method.
Results. Long-term (3 and 4 weeks) exposure to the Delor 106, gradually added to the water, caused a signifi-
cant elevation of spontaneous LH secretion. Pituitary cells incubation with Delor 106 at the concentration range
from 10 through 100 ng · mL–1 of medium resulted in the significant increase of spontaneous LH secretion after
5 and 24 h.
Conclusion. The results obtained in this study show that highly chlorinated biphenyl—Delor 106—changes the
secretion of luteinizing hormone in Prussian carp in the spawning season, acting, at least in part, directly at the
pituitary level.
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that, in Atlantic croaker, Aroclor 1254 influences the syn-
thesis of gonadotropin-releasing hormone (GnRH) at the
level of hypothalamus and significantly lowers the num-
ber of pituitary GnRH receptors, what in turn affects
luteinizing hormone (LH) secretion. Therefore it is no
surprising that in fish exposed to PCBs the weaker secre-
tion of LH in response to GnRH analogue stimulation was
observed (Khan and Thomas 2001, Khan et al. 2001).

There is a substantial evidence that in mammals, as well
as in fish, polychlorinated biphenyls influence gonadal
steroidogenesis (Yano and Matsuyama 1986, Wójtowicz et
al. 2000, 2005, Benninghoff and Thomas 2005,
Gregoraszczuk et al. 2005, Andric et al. 2006, Kotwica et
al. 2006, Młynarczuk and Kotwica 2006). In fish, in addi-
tion to the observed disruptions in hormonal secretion at the
HPG axis, exposure to PCBs mixtures suppresses ovarian
follicle development, decreases ovarian growth, as well as
decreases the quality of semen and eggs (Khan and Thomas
2001, Thomas and Doughty 2004, Coimbra and Reis-
Henriques 2007, Socha et al. 2008a, Daouk et
al. 2011, Kraugerud et al. 2012b).

The action of polychlorinated biphenyls might be
estrogenic and/or anti-estrogenic (through estrogen recep-
tor—ER and/or aryl hydrocarbon receptor—AhR) and is
highly dependent on the number and position of chlorine
atoms on the biphenyl rings (Jansen et al. 1993, Kester et.
al. 2000, Plíšková et al. 2005, Gregoraszczuk et al. 2005,
2008). In our study we used highly chlorinated biphenyl
mixture—Delor 106—consisting of approximately 52.9%
of hexa-, 19.4% hepta-, and 15% penta chlorobiphenyls
(Taniyasu et al. 2003, Grabic et al. 2006)—to examine its
in vivo effects, during the short- and the long-term expo-
sure, on luteinizing hormone secretion in female Prussian
carp, Carassius gibelio (Bloch, 1782), at the time of nat-
ural spawning. In the in vitro study the possible direct
action of Delor 106 at the pituitary level on LH secretion
(in a static culture of dispersed Prussian carp pituitary
cells) was evaluated.

MATERIAL AND METHODS
In the in vivo experiment 24 mature (2–3 year old)

female Prussian carp, Carassius gibelio, were used. The
fish were raised in the Fishery Station belonging to the
Department of Ichthyobiology and Fisheries, University
of Agriculture, Kraków, Poland. The average body weight
of females was 29.45 ± 2.4 g, and a mean gonadosomatic
index (GSI) was 8.6% ± 0.9%. Fish were randomly divid-
ed into 3 groups (8 fish per group), individually weighed
and marked. They were kept during 5 weeks in 3 aquaria
(volume, 60 L); the temperature of water was approxi-
mately 21 ± 0.5°C. Fish were exposed to a simulated, nat-
ural photoperiod (L : D = 16 : 8). Control fish were kept
in fresh water (without addition of PCB). Second group
was exposed to the maximal dose (700 ng · L–1 of water)
of Delor 106 (a gift from the Institute of Public Health
Ostrava, National Reference Laboratory for Analysis of
POPs MH, Czech Republic) during the first week of the
experiment. After this time the fish were transferred to the

aquaria with PCBs-free water for the next 4 weeks.
Females in the third group were chronically (5 weeks)
exposed to the weekly-increasing concentrations of Delor
106 (140, 280, 420, 560, and 700 ng · L–1 of water, respec-
tively). Every week the fish were anaesthetized with
Propiscin (etomidate-based product, IRS, Zabieniec,
Poland; (3 mL · L–1 of water) (Lambooij et al. 2009,
Kazuń i Siwicki 2012) and blood samples (approx. 100
mL) were taken from all fish by puncturing the caudal
vein using heparinised 1-mL syringes. After blood cen-
trifugation, the plasma samples were frozen at –20°C until
assayed. The levels of LH were analysed by the homolo-
gous ELISA assay according to the protocol proposed by
Kah et al. (1989). The standard LH hormone and the spe-
cific antibody were kindly donated by Dr Bernard Breton
(INRA, France).

For the in vitro experiment pituitaries were obtained
from 16 sexually mature (GSI – 9.5% ± 1.1%) female
Prussian carp. The enzymatic dispersion of the pituitary
glands was performed according to the method described
by Mikolajczyk et al. (1990). In brief, collected pituitary
glands were chopped into small pieces and subjected to
dispersion for 6–8 h at 20°C in medium containing 0.1%
(w/v) collagenase H (Boehringer Mannheim, Germany)
and 1% BSA (Sigma-Aldrich, USA). After enzymatic dis-
persion cells were harvested by 10 min centrifugation
(200 m · s–2 at 20°C) and washed twice with preincubation
medium containing 2% Ultroser SF (Sepracor S.A.,
France) and 1% antibiotic-antimycotic (Sigma-Aldrich,
USA). Cell viability test and cell counting were performed
with a Thoma haemocytometer. Cells were resuspended in
the pre-incubation medium and transferred into four 96-
well microplates (Nunc A/S, Denmark) coated with Poly-
L-lysine (Sigma-Aldrich, USA). Each well contained
approximately 5 × 104 cells in 250 mL of medium. Then
the plates were sealed and incubated for 55 h at 22°C.

On the third day of incubation the pre-incubation
medium was replaced with medium containing Delor 106
(at concentrations: 1, 5, 10, 50, and 100 ng · mL–1 medi-
um). Control wells were filled up with medium without
any supplementation of PCBs. Two identical microplates
were prepared. One of them was incubated for 5 h and the
other for 24 h at 22°C. At the end of the incubation peri-
ods the plates were centrifuged (20 m · s–2 for 10 min at
20°C), and the media were collected and frozen at –20°C
until LH determination by ELISA.

The experiments were conducted according to the
research protocols approved by the Local Animal Ethics
Committee in Krakow, Poland.

The mean LH levels from both experiments were
analysed using a nonparametric two-tailed Mann–Whitney
U-test. The differences between the means were deter-
mined as significant for P ≤ 0.05.

RESULTS
The effect of short- and long-term exposure to Delor 106
on LH secretion in female Prussian carp in vivo.
Before the exposure to Delor 106 (week 0) there were no
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significant differences in LH levels among the groups.
After first week of exposure both tested concentrations of
Delor 106 (700 and 140 ng · L–1) did not change the LH
secretion. No significant changes in LH release were also
observed after second week of both acute and chronic
exposure. The significant (P ≤ 0.05) stimulation of LH
release was observed after 3 weeks of exposure in the
third group with gradually increased concentration of
Delor 106 in comparison to the control group (Fig. 1). The
significant (P ≤ 0.05) elevation of LH secretion in this
group was also observed a week later (after 4 weeks of
exposure) in comparison to the control group and to the
acute exposure. At the end of experiment (after 5 weeks)
there were no significant differences in gonadotropin
level among all groups.
The effect of Delor106 on LH secretion from dispersed
Prussian carp pituitary cells. The incubation of female
Prussian carp pituitary cells in medium containing Delor
106 caused the dose-dependent increase of LH release.
After 5 and 24 h of incubation, Delor 106 at the concen-
tration of: 10, 50, or 100 ng · mL–1 significantly (P ≤ 0.05)
stimulated luteinizing hormone secretion in comparison
to the control group (Figs. 2 and 3). After 24 h of incuba-
tion also the lower concentration (5 ng · mL–1) of Delor
106 caused a significant (P ≤ 0.05) increase of LH release
compared with the control group (Fig. 3). The smallest
concentration (1 ng · mL–1) of Delor 106, at both times of
incubations, had no effect on LH secretion (Figs. 2 and 3).

DISCUSSION
Our results demonstrate the effect of a highly chlori-

nated biphenyl—Delor 106—on LH secretion at the time
of Prussian carp natural spawning. In vivo exposure to
Delor 106, added to the water, resulted in changes of LH
secretion only in the case of chronic treatment of PCBs
mixture—the elevation of LH secretion was observed after
3-week exposure to Delor 106 in comparison to the control
group (Fig. 1). After 4 weeks LH level reached the maxi-
mum (17.76 ng · mL–1) and was still significantly different
from the control group and also from the group exposed
acutely, for one week, to the maximal (700 ng · L–1 of
water) dose of Delor 106. This maximal dose of Delor 106
did not change the release of LH after one week of acute
exposure as well as till the end of experiment (Fig. 1).
These results may suggest that the chronic exposure to the
small doses of PCBs is more disrupting for Prussian carp
HPG axis, because this kind of intoxication alters
gonadotropin secretion in females. The stimulatory effect
of Delor 106 on the spontaneous LH secretion in Prussian
carp is in contrast to the data presented for male Atlantic
croaker exposed to another PCBs mixture—Aroclor
1254—given for 30 days in a diet, in which the observed
LH levels were significantly lower than in the control
group (Khan and Thomas 2001). It is worth noticing that
the difference in these results may be due to the sex of
experimental fish, as well as, the composition of this two
PCB mixtures (Aroclor 1254 and Delor 106) and their
tested doses. The reduced base level of LH, related with

the sex of animals, was observed also in higher vertebrates
(rat, goat) following exposure to PCB mixtures or single
congeners (Desaulniers et al. 1999, Oskam et al. 2005,
Yamamoto et al. 2005). Desaulniers et al. (1999) showed
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Fig. 1. The effect of short- and long-term exposure to
Delor 106 on LH secretion in female Prussian carp,
Carassius gibelio; Each value represents the mean
± SEM (n = 8); * vs control, # vs Delor 106, one week,
acute exposure (P ≤ 0.05)

Fig. 2. The effect of Delor 106 on LH secretion from dis-
persed pituitary cells of female Prussian carp,
Carassius gibelio, after 5 h of incubation; Bars repre-
sent means and SEM are given as vertical error bars
(n = 5); Groups bearing the same letter are not signif-
icantly different (P ≤ 0.05)

Fig. 3. The effect of Delor 106 on LH secretion from dis-
persed pituitary cells of female Prussian carp,
Carassius gibelio, after 24 h of incubation; Bars rep-
resent means and SEM are given as vertical error bars
(n = 5); Groups bearing the same letter are not signif-
icantly different (P ≤ 0.05)



that lower circulating LH level in male rats treated with
PCB 126 was associated with increased content of LH in
the pituitary gland. These results support PCBs-induced
alternation of the secretory mechanisms of the
gonadotroph cells. It is known that the secretion of
luteinizing hormone from the pituitary gland is estrogen-
sensitive process, depended on the level of blood steroid
hormones. As mentioned in the introduction, the action of
PCBs might be both estrogenic and antiestrogenic, what is
highly dependent on the molecular weight and the struc-
ture of biphenyls. In the case of Delor 106 the composi-
tion of chlorobiphenyls homologues consists mostly of
hexa-, hepta-, and penta-chlorobiphenyls, whereas in
Aroclor 1254 the most dominant (over 50%) are pen-
tachlorobiphenyl congeners, such as dioxin-like con-
geners PCB126 (Taniyasu et al. 2003). Antiestrogenicity
was found in the case of hexa-, hepta-, and octachlorinat-
ed biphenyls resulting, for example, in the inhibition of
estrogen receptor (ER) activation in human males
(Plíšková et al. 2005). Probably the stimulation of LH
secretion in Prussian carp after chronic exposure to Delor
106 was caused by this PCBs mixture antiestrogenic prop-
erties, which were previously demonstrated on mammals,
carried on the theca interna and granulosa cells from
porcine ovary after single exposure to Delor 106
(Gregoraszczuk et al. 2005). It seems possible that the
changed activation of estrogen receptor (ER) in Delor 106
treated Prussian carp females in the spawning season,
might be responsible for the observed LH stimulation. But
to support possible changes in ER activity after Delor 106
exposure it would be important to provide further study
with the evaluation of the level of other steroid hormones
(estradiol, progesterone) and estradiol-stimulated vitel-
logenin secretion.

Taking into consideration the results obtained in the in
vivo exposure to Delor106 only, it is not possible to deter-
mine the exact site of PCBs mixture action. Changes in
LH secretion might be caused by the action of Delor 106
at the level of hypothalamus and/or pituitary, where the
estrogen receptors are also present (Kah et al. 1997,
Muriach et al. 2008). Khan et al. 2001 showed also the
adverse effect of PCBs on the most important hypothala-
mic factor controlling the synthesis and secretion of LH—
the gonadotropin-releasing hormone (GnRH). Pituitary
sensitivity to GnRH stimulation is known to be modulat-
ed by estrogens, so exposure to different PCBs, which
exert estrogenic and/or anti-estrogenic activities, may
change pituitary sensitivity to GnRH, resulting in disrup-
tion of GnRH-stimulated LH secretion (Khan and Thomas
2001, Desotelle et al. 2005, Kraugerud et al. 2012a).

The results of in vitro experiments with pituitary cells
of Prussian carp, incubated with Delor 106, showing
dose-dependent elevation of spontaneous LH release after
5 and 24 h of incubation with Delor 106 at the concentra-
tion of: 10, 50, and 100 ng · mL–1 (Fig. 2) let to conclude
that Delor 106 acts also at the pituitary level. Our previ-
ous in vitro study on dispersed common carp pituitary
cells, exposed to Aroclor 1254, also showed the direct

action of PCBs on this gland (Socha et al. 2008b). It was
found that Aroclor 1254 (5 ng · mL–1) stimulated sponta-
neous LH secretion in females, but not in males, what
could be linked to the different sensitivity of the pituitary
cells to endocrine disrupting factors. Several other exoge-
nous environmental factors similar to PCBs, including the
most toxic halogenated aromatic hydrocarbons—TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin)—are known to
affect secretion of pituitary gonadotropins in pigs and rats
(Li et al. 1997, Petroff et al. 2003, Jablonska et al. 2011).
The dose-dependent LH elevation caused by TCDD was
observed in immature female rats (Li et al. 1997). The
stimulatory effect of TCDD on in vitro LH release was
also found during the follicular phase of porcine estrous
cycle (Jablonska et al. 2011). Taking into consideration the
possible antiestrogenic activity of TCDD (Buchanan et al.
2000) as well as of Delor 106, which consists also of diox-
in-like congeners PCB126 (Taniyasu et al. 2003), the stim-
ulation of LH secretion in Prussian carp females observed
in our study might be due to the activation of the similar
ways at the pituitary level. Further studies are needed to
explain the effects of polychlorinated biphenyls on both
female and male Prussian carp reproduction cycle.

In summary, our results showed that:
The chronic exposure to a highly chlorinated

biphenyl—Delor 106—increases the secretion of luteiniz-
ing hormone in Carassius gibelio females at the time of
natural spawning;

Delor 106 stimulates LH secretion acting, at least in
part, directly at the pituitary level.
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