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The aim of the study was to determine the effect of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) on the concentration of steroid
hormones, progesterone (P4), testosterone (T) and estradiol (E2) in
individual parts of the chicken oviduct. The experiment was carried out on
12 Hy-Line laying chickens, which were randomly divided into two equal
groups. The birds of the control group received a single intramuscular
injection of saline, while the experimental group was injected with TCDD at
a dose of 1 ug/kg body weight. The birds were decapitated 24 h after TCDD
injection, and subsequently individual parts of the oviduct were isolated. P4,
T and E2 concentrations in the oviductal parts were determined by
radioimmunoassay. In the control group, the highest concentrations of these
steroids were detected in the magnum and shell gland. TCDD injection
resulted in a statistically significant increase in P4 and E2 concentrations in
all examined parts of the oviduct and T in the magnum and shell gland. The
obtained results suggest that dioxins — by inhibiting the uptake and/or
synthesis of sex steroids in the oviduct tissues, as well as by blocking the
steroid hormone binding to the appropriate receptor — may significantly
affect the function of this organ.
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Polychlorinated dibenzo-p-dioxins (PCDDs) are a group of aromatic
organochlorine compounds characterized by high toxicity, ability to
accumulate in tissues (especially in adipose tissue), and resistance to
environmental degradation. Because of their low susceptibility to microbial
breakdown, PCDDs accumulate in the soil and water, from which they can
biotransferred into living organisms. The high resistance of these
compounds to biochemical processes and hydrolysis makes their
biodegradation very slow (Wan et al., 2014). Among the 75 PCDD
congeners, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is the most
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hazardous and toxic to humans and animals (Yonemoto, 2000; Makles et al.,
2001). The majority of TCDD in the environment originate from
uncontrolled burning of: (i) waste in old-style incinerators, (ii) loose waste
in the open air, in boiler houses (e.g. hospital boiler plants), and (iii) plastic
in household heating stoves. Substantial sources of dioxin emissions also
include iron works and non-ferrous metal smelters, secondary material
processing facilities, and car engines (in particular diesel engines).
However, inappropriate thermal conditions during waste treatment (i.e. too
low combustion temperature) are the main reason why this dioxin finds its
way into the environment (Grochowalski, 2002).

It is widely accepted that the toxic effect of TCDD results from
activation of the aryl hydrocarbon receptor (AhR) (Mimura and Fujii-
Kuriyama, 2003; Walisser et al., 2004; Yasui et al., 2004; Beischlag et al.,
2008). AhR is a transcription factor activated by a ligand, which, after
forming the heterodimer AHR/ARNT complex with ARNT protein (AHR
nuclear translocator) and binding to the dioxin response element (DRE)
DNA sequence, regulates the transcription of many genes, including genes
encoding xenobiotic metabolism enzymes (Gu et al., 2000; Lee et al., 2011;
Yang et al., 2013). Planar hydrophobic compounds have the highest affinity
for the AhR receptor. It is now thought that the AhR mediates many
biochemical, biological and toxicological reactions, which are observed
following exposure to TCDD (Yang et al., 2013; Sechman et al., 2014). The
lack of expression of the AhR gene as well as activation of the AhR
pathway by a ligand lead to reproductive dysfunction in females, which may
be indicative of the potential role of this receptor in reproductive function
(Baba et al., 2005; Barnett et al., 2007).

The harmful effects of TCDD are associated primarily with the endocrine
system; this dioxin is classified as an endocrine disruptor (Yonemoto,
2000). Due to high homology in the structure of TCDD molecule and
steroid hormones, TCDD may bind to the receptors of these hormones and
thus interfere with reproductive function and hormonal balance (Giesy et al.,
2003; Mimura and Fujii-Kuriyama, 2003). Many data from the literature
suggest that in both mammals (Gregoraszczuk et al., 2000; Petroff et al.,
2002; Jablonska et al., 2011) and birds, TCDD adversely affects
reproductive function (Giesy et al., 2003; Hrabia et al., 2013; Sechman et
al., 2014). Our earlier research demonstrated that TCDD inhibits the
expression of genes coding for the key enzymes of steroidogenesis in the
follicular wall of the hen’s ovary and reduces secretion of steroid hormones
from these follicles (Sechman et al., 2014). TCDD were also shown to act
through AhR receptors, which were found to be expressed in different
structures of the ovary (Antos et al., 2015).

The direct effect of TCDD on the avian oviduct, the development and
function of which is regulated by ovarian steroid hormones, remains
unknown. Estrogens have an effect on differentiation of cells in the oviduct
wall and on synthesis of egg albumen proteins (Yu and Marquardt, 1973;
Schimke et al., 1975; Dougherty and Sanders, 2005; Socha and Hrabia,
2018). Together with androgens, estrogens work synergistically in
stimulating hypertrophy and hyperplasia of smooth muscle cells of the
oviduct (Yu and Marquardt, 1973; Dougherty and Sanders, 2005). Along
with gestagens, estrogens control the synthesis and secretion of egg
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albumens such as ovalbumin, conalbumin (Palmiter, 1971) and avidin
(Joensuu et al., 1991; Socha and Hrabia, 2018). Many studies confirmed that
all these three hormones are required for the full secretory potential of the
oviduct to develop (Mika et al., 1987; Rzgsa, 2007).

There are no studies in the literature concerning the effect of dioxins on
the level of sex steroids in the avian oviduct. Therefore, the objective of the
study was to determine the effect of TCDD injection on the concentration of
progesterone (P4), testosterone (T) and estradiol (E2) in different segments
of the oviduct in the domestic hen.

Material and methods

The study was carried out with 36-week-old Hy-Line hens, which were
kept in individual cages with constant access to feed and water. Birds
received a DJ2 diet and were exposed to a 14L:10D light programme.
During the month preceding the experiment, oviposition time of each egg
was recorded at 30-minute intervals from 7:00 to 15:30 hours, and ovulation
time was determined on the assumption that it occurred within 15 min after
oviposition of the previous egg in the sequence. Birds that laid eggs between
7:00 and 9:00 hours (n=12) were randomly divided into two equal groups.
Control chickens received a single injection of 0.9% NaCl (with 0.1%
dimethyl sulfoxide as a solvent for TCDD), while the experimental birds
were intramuscularly injected with TCDD at a dose of 1 pg/kg body weight.
24 h after TCDD administration, pullets were slaughtered and their oviducts
were dissected into four segments: infundibulum, isthmus, magnum, and
shell gland (uterus). Sections were sampled from each segment and
homogenized in liquid nitrogen and then in phosphate buffer at pH 7.2. The
so prepared homogenate was analysed for the concentrations of P4, T and
E2 by radioimmunoassay using commercial diagnostic kits (E2-RIA-CT,
P4-RIA-CT and TESTO-RIA-CT, DIAsource ImmunoAssays S.A.,
Belgium).

The results were statistically analysed with two-way analysis of variance
(ANOVA). Significant differences between the means were tested with
Tukey’s post-hoc test at P<0.05. The results were shown as means £S.E.M.

Results

Under control conditions, the highest concentration of P4 (427.7+21.8
pg/g tissue) was found in the magnum; it was 2.2-fold higher than in the
isthmus (P<0.01; Fig. 1). Compared to the control birds, TCDD injection
caused a significant increase in P4 concentration in the studied parts of the
oviduct (Fig. 1; P<0.05-0.01). The greatest difference was observed in the
infundibulum, where the concentration of this steroid in the experimental
group was 49% higher than in the control group (P<0.01).
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T concentration in the oviduct segments of control hens and those
exposed to TCDD is presented in Figure 2. In the control group, T
concentration was highest (30.5+2.7 pg/g tissue) in the shell gland; it was 2-
fold higher than the lowest level noted in the infundibulum (P<0.01). TCDD
injection caused T concentration to increase in the magnum and shell gland
by 42% and 33%, respectively, when compared to the control group values
(P<0.05). No significant changes in T concentration in the infundibulum and
isthmus in response to TCDD were observed (Fig. 2).

In the control group, the highest concentration of E2 (42.6+2.9 pg/g
tissue) was noted in the magnum. It was 2.5-fold higher than in the isthmus
(P<0.01; Fig. 3). TCDD significantly increased the level of the analysed
steroid in all the oviduct segments under study. The greatest effect was
noted in the shell gland, in which TCDD injection increased E2
concentration by 56% in comparison with the control group (P<0.01; Fig.3).



The effect of TCdd on concentration of steroid hormones in oviduct of the domestic hen
(Gallus domesticus)

70

d

I
b b
| I

Magnum Ciesn Gr. Skorupowy

60 A
50 A c

40 A

30 A

b
.
20 4
10 -
O g
Lejek
W Kontrola TCDD

Fig. 3. Effect of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on estradiol
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Discussion

Under control conditions, the highest concentration of the examined
steroids was found in the magnum and shell gland. These results are
consistent with earlier data for P4, T and E2 concentrations in oviductal
segments of laying hens (Socha et al., 2017). The high level of steroids (in
particular P4 and E2) in the magnum and shell gland is associated with their
effect on mRNA expression, and on synthesis of egg albumen proteins
(including ovalbumin and avidin) and proteins of the eggshell matrix
(including ovocalyxin 36 and ovocleidin 116) (Hincke et al., 1999; Nys et
al., 2001; Gautron et al., 2011; Socha et al., 2017; Socha and Hrabia, 2018).

TCDD injection had no effect on the total oviduct weight and the weight
of oviductal segments, which was probably due to the too short exposure to
this dioxin. On the other hand, it caused a significant increase in P4 and E2
concentrations in all the oviductal segments compared to the control group
values. There were no statistically significant changes in T concentration in
the infundibulum and isthmus of the hens exposed to TCDD, but the
concentration of this hormone showed a significant increase in the magnum
and shell gland. The present authors suggest that the observed changes in
P4, T and E2 concentrations in hens injected with TCDD are associated with
stimulation of the uptake of the examined steroids from the blood and/or
their synthesis in situ in the oviduct tissues. The current literature contains
no data concerning steroidogenesis in the avian oviduct. However, given
that mMRNA expression of AhR takes place in different segments of the
hen’s oviduct and TCDD injection reduces the concentration of sex steroids
in hen’s blood (unpublished data), it cannot be excluded that steroid
hormones are synthesized and secreted in the segments of the hen’s oviduct.
This hypothesis should be rechecked in further research.

The observed increase in P4 and E2 concentrations in the examined
oviduct segments and of T in the magnum (the longest part of the oviduct
characterized by high metabolic activity) and in the shell gland (in which the
eggshell is formed), following TCDD injection, suggests that dioxins may
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indirectly affect the function of these oviductal segments. Because TCDD
molecule is similar in structure to steroid hormones, the main activity sites
of this dioxin are the gonads, uterus and other organs in which steroids are
synthesized (Catkosinski et al., 2005). Mika et al. (1992) demonstrated the
presence of estrogen receptor (ER) and progesterone receptor (PR) proteins
in four segments of the oviduct: the infundibulum, magnum, isthmus and
shell gland, while Hrabia et al. (2013) and Socha et al. (2017) revealed
MRNA expression of ER, PR and androgen receptors (AR) in the magnum
and shell gland. Research results published to date show that molecular
interactions may occur between AhR and steroid hormone receptors. (Pocar
et al., 2005; Ohtake et al., 2008). Accordingly, it cannot be ruled out that
TCDD may affect the function of different oviductal segments (including
protein synthesis) by blocking the binding of steroid hormones with
corresponding receptor. This may result in the observed increase in the level
of steroid hormones in different segments of the oviduct following injection
of the studied dioxin.
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SUMMARY

The aim of the study was to determine the effect of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) on the concentration of steroid
hormones, progesterone (P4), testosterone (T) and estradiol (E2) in
individual parts of the chicken oviduct. The experiment was carried out on
12 Hy-Line laying chickens, which were randomly divided into two equal
groups. The birds of the control group received a single intramuscular
injection of saline, while the experimental group was injected with TCDD at
a dose of 1 pg/kg body weight. The birds were decapitated 24 h after TCDD
injection, and subsequently individual parts of the oviduct were isolated. P4,
T and E2 concentrations in the oviductal parts were determined by
radioimmunoassay. In the control group, the highest concentrations of these
steroids were detected in the magnum and shell gland. TCDD injection
resulted in a statistically significant increase in P4 and E2 concentrations in
all examined parts of the oviduct and T in the magnum and shell gland. The
obtained results suggest that dioxins — by inhibiting the uptake and/or
synthesis of sex steroids in the oviduct tissues, as well as by blocking the
steroid hormone binding to the appropriate receptor — may significantly
affect the function of this organ.
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