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Abstract

The experiment involved 30 clinically healthy Beagle bitches aged approximately 70 days with an
initial body weight of approximately 8 kg. The animals were randomly divided into two experimental
groups (EI and EII) and a control group of 10 animals each. Group EI was administered 50 μg of
body weight zearalenone/kg per os for 42 days, group EII received 75 μg of body weight
zearalenone/kg per os for 42 days, and the control group was administered placebo per os for 42 days.
The bitches were ovariectomized at the end of the treatment period for anatomopathological examin-
ation. At the same time, peripheral blood samples were collected for endocrinological analyses
(17β-estradiol and progesterone). Administartion of zearalenone particularly higher doses, resulted in
the hyperestrogenism degeneration and atrophy of ovarian cells and tissues with accompanying
edema and blood extravasation, leading to increased 17β-estradiol concentrations and an insignificant
decrease in progesterone levels.
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Introduction

Fungi of the genus Fusarium are the most pre-
dominant fungal pathogens in all climate zones.
Fusarium fungi produce mycotoxins, including
zearalenone (ZEN), a widely distributed substance.
ZEN is a non-steroidal estrogenic mycotoxin that
regulates the sexual reproduction of Fusarium fungi
(sexual stage: Gibberella zeae) (Suchorzyńska and
Misiewicz 2009, Panini et al. 2011).

Mycotoxicosis has long been studied in humans
and animals. ZEN-induced mycotoxicosis represents
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a growing problem in farm and companion animals.
Dogs, one of the oldest companion animal species,
have a monoestral reproductive pattern (Walter et al.
2011). Bitches are often affected by reproductive sys-
tem dysfunction, such as ovarian cysts, prolonged es-
trus, or absence of estrus. The species-specific hor-
monal regulation of reproductive processes (Queiroga
et al. 2009), including prolonged proestrus and estrus
stages, prolonged progesterone (P4) and prolactin se-
cretion, and high sensitivity to endogenous and
exogenous estrogens, may play an important role in
the etiopathogenesis of these dysfunctions (Concan-
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non 2011). The use of hormones for therapeutic or
biotechnological (contraception) purposes is also
a significant consideration.

The potential effects of mycotoxins (mycoestro-
gens) (Giammarino et al. 2008) found in commercial-
ly-available animal feeds have never been investigated
(Boermans and Leung 2007). The results of prelimi-
nary studies revealed varied concentrations of ZEN in
commercial feeds, and relatively high levels of the my-
cotoxin were observd in selected products. ZEN was
present in 42 out of 45 dog feed samples, in concen-
trations of 5.0 to 299.5 μg/kg of feed (Zwierzchowski
et al. 2004). The presence of ZEN in commercially
available feeds is an important consideration because
bitches are fed mono-diets over long periods of time,
and they are particularly sensitive to estrogenic-like
substances. Elevated concentrations of endogenous
and exogenous estrogens (for example, their total) are
a potential cause of other dysfunctions. Long-term ad-
ministration of feed containing ZEN could disrupt the
hormonal regulation (estrogenic hormones) of repro-
ductive processes and leads to ovarian dysfunction
(Hatoya et al. 2009). Ovaries are particularly sensitive
to estrogenic substances, which are responsible for
permanent changes that accompany ovarian cysts
(Włodarczyk et al. 2009).

This study was prompted by the results of our pre-
vious work into ZEN mycotoxicosis in bitches
(Gajęcka et al. 2004). A review of the literature indi-
cates that ZEN mycotoxicosis with low doses has not
been investigated in dogs to date.

The objective of this study was to determine the
effect of long-term exposure to low doses of ZEN on
the histological condition of ovaries in pre-pubertal,
genetically homogenous bitches.

Materials and Methods

All of the experimental procedures involving ani-
mals were carried out in compliance with Polish legal
regulations determining the terms and methods for
performing experiments on animals (opinion of the
Local Ethics Committee for Animal Experimentation
No. 37/2006 issued on 24 October, 2006).

Experimental animals

Thirty immature Beagle bitches aged approxi-
mately 70 days, with an average body weight of 8 kg,
were obtained from local breeders (registered at the
Polish Kennel Club) and kept under standard condi-
tions with free access to water. Clinically healthy indi-
viduals were divided into three experimental groups

(n = 10 each) and fed 50 μg ZEN/kg of body weight
(100% NOAEL – no observable adverse effect level
(Boermans and Leung 2007), experimental group
I (EI)), 75 μg ZEN/kg BW (150% NOAEL, experi-
mental group II (EII)), or placebo (without ZEN,
negative control group) as outlined below. All the
bitches were ovariectomized at the end of the 42-day
treatment period, i.e. approximately the 112th day of
life.

The animals were kept in cages with ad libitum
access to water and fed standard diets tested for the
presence of the following mycotoxins: aflatoxin, och-
ratoxin, ZEN, α-zearalenol (α-ZOL) and
deoxynivalenol. The estimation of mycotoxins in the
diet was carried out according to common separation
techniques using immunological affinity columns and
high performance liquid chromatography (HPLC)
(Hewlett Packard, type 1050 and 1100) (Obremski et
al. 2003) with fluorescent and/or UV detection tech-
niques. The values obtained were below the sensitivity
of the test.

Preparation and administration of diets

Mycotoxin doses were administered daily in gela-
tin capsules before morning feeding. ZEA samples
(Zearalenone Z-0167, Sigma Chemical Co., Stein-
heim, Germany) were diluted μl 96% ethyl alcohol
(ethyl alcohol, 96% vol., SWW 2442-90; Polskie Od-
czynniki Chemiczne SA) corresponding to ZEA doses
of 50 and 75 μg/kg BW. The resulting solution was
introduced into the feed, placed in gelatin capsules,
and stored at room temperature for 12 h to evaporate
the solvent.

Material sampling and preparation

After 42 days of oral exposure, all the bitches were
anesthetized and ovariectomized. Samples of both
ovaries from every bitch were prepared and processed
at the Department of Pathophysiology, Forensic Vet-
erinary Medicine and Administration, Faculty of Vet-
erinary Medicine, University of Warmia and Mazury
in Olsztyn, Poland. Fragments of ovaries, sampled for
histopathological analysis were fixed in 10% formalin,
neutralized and buffered to pH 7.4, passed through
graded alcohols, clarified in xylene and embedded in
paraffin blocks. Microtome sections were stained with
hematoxylin and eosin (HE) and PAS according to
the method proposed by McManus (1999). The
ovary-cross sections were examined for a minimum of
20 fields of view at 100x magnification. Microscopic
images were analyzed under a halogen light at 100
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Fig. 1. Histological structure of the ovaries in the control group. A, B: Sections though the cortical part of the ovariy. Small
epithelial inclusion glands occurring just beneath the tunica albuginea (arrows). Numerous primordial and some primary follicles
(double arrow in Fig. 1A) are present in the outer part of the ovarian cortex. Secondary follicles were also visible (asterisks in
Fig. 1A). C: A group of primordial follicles in the ovarian cortex surrounded by the connective tissue. D: Atretic follicles in the
ovarian cortex. E: Interstitial gland cells (arrows) in the connective tissue stroma. F: Hilus cells (arrows) in the ovarian medulla.
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power with an Olympus BX50 microscope at 400x
magnification.

Blood was sampled on the last day of the experi-
ment, one hour after mycotoxin administration. The
samples were transferred to chilled centrifuge tubes
without heparin and centrifuged at 3000 r.p.m. for 20
minutes at the temperature of 4oC. The resulting
plasma was transferred to plastic Eppendorf tubes,
frozen and stored at -18oC until analysis of selected
steroid hormone levels.

Measurement of hormone concentrations
in blood plasma

For the 17β-estradiol (E2) assay, samples were
prepared and processed, and E2 was extracted from
1 ml of blood serum using ethyl ether (2 ml). The
extracts were dried under nitrogen and re-suspended
in 250 μl of PSS. The recovery of extraction was
90-95% (100 ng/ml E2 solution in PSS supplemented
with 0.1% BSA was used as an extraction control).
The concentration of E2 was determined by EIA using
the Multiscan EX reader plate (Labsystem, Finland).
The absorbance was measured at 450 nm wavelength.
Anti-estradiol serum (a gift from Dr. G.L. Williams at
A M Texas University, College Station, USA) was
used at a final dilution of 1:150 000. The cross-reac-
tion of this antibody was described by Mlynarczuk et
al. (2005). The range of the curve was 3.125-1600
pg/ml, and the sensitivity of this method was 10-15
pg/ml. The average intra- and inter-assay coefficients
of variation were 11.0% and 12.5%, respectively. The
accuracy and reliability of the procedure were ex-
pressed by the coefficient of regression, r=0.875. All
samples were measured in two replicates.

P4 was extracted from serum using petroleum
ether (PoCH, Poland). One part of serum (no less
than 1 ml) and four parts of ether were shaken for 15
min and stored at -20oC overnight. The supernatant
was dried under nitrogen and the samples dissolved in
250 μl of PBS. P4 concentrations were determined by
EIA (Multiscan EX, Lab Systems, Finland) as de-
scribed by Prakash et al. (1987). P4 labeled with horse-
radish peroxidase was used at a final dilution of
1:8000. The antiserum (IFP4) used at a final dilution
of 1:100 000 was characterized in earlier studies (Ko-
twica et al. 1994). The range of the standard curve was
0.05-25 ng/ml. The sensitivity of the procedure was
0.15 ng/ml. The intra-assay coefficient was 10.8%.

Statistical analysis

The results of the experiment are presented using
mean values (x) and standard deviation (±SD), and
were analysed using analysis of variance (ANOVA). If

the null hypothesis was rejected, the differences were
verified by the Student’s t-test. The above analyses
were carried out using STATISTICA® software (Stat-
soft). The analysis of correlation was performed be-
tween the groups studied (EI to EII, EI to C and EII
to C).

Results

Histological structure of the ovaries
in the control group

The outer surface of the ovary was covered by
a single layer of epithelial cells, varying in shape from
flat to cuboidal. The tunica albuginea was thin, but
clearly visible (Fig. 1A,B). A few, small epithelial in-
clusion glands were observed just beneath the tunica
albuginea (Fig. 1A,B). Numerous primordial and pri-
mary follicles were present in the outer part of the
ovarian cortex (Fig. 1A,B,C). They formed small
groups separated by wide strips of the connective tis-
sue (Fig. 1C). Single secondary follicles were disper-
sed through the ovarian cortex (Fig. 1A). They have
the diameter ranging from 60 to 180 μm and com-
prised 2-10 layers of cuboidal granulosa cells. The
moderate number of small, round or oval, atretic fol-
licles was observed in the vicinity of primordial and
primary follicles (Fig. 1B,D). In the cortical region
close to the medulla, atretic follicles were larger and
variously shaped. Interstitial gland cells formed a few
small clusters in the connective tissue stroma (Fig.
1E). The ovarian medulla was composed by the dense
connective tissue and contained numerous large blood
vessels, lymphatic vessels and bundles of nerve fibres.
The rete ovary and hilus cells (Fig. 1F) were observed
close the hilus.

Histological structure of the ovaries
in the group EI

The surface epithelium formed a single layer
covering the tunica albuginea. Small epithelial inclu-
sion glands composed of cuboidal cells were observed
under the tunica albuginea (Fig. 2A). Clusters of pri-
mordial and primary follicles were regularly distrib-
uted in the outer part of the cortex and separated by
thick strips of the connective tissue (Fig. 2B,C). Each
cluster contained from few to more than ten follicles.
The secondary follicles were infrequently observed.
Atretic follicles of various shape, from round to elon-
gated, were much more numerous than those in the
control group (Fig. 2A,B,D,E). They occurred individ-
ually or in clusters and their size increased towards
the medulla. The connective tissue stroma contained
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Fig. 2. Histological structure of the ovaries in the group EI. A, B, C: Sections though the cortical part of ovary. Numerous
capillary vessels with considerably dilated lumen (Fig. 2B arrows) and thick strips of the connective tissue (Fig. 2C double
arrows). D, E: Atretic follicles of various size and internal structure. F: Large areas of the connective tissue stroma filled by
interstitial gland cells.
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Fig. 3. Histological structure of the ovary in the group EII. A, B: Numerous small epithelial inclusions glands (arrows) as well as
some invaginations of the surface epithelium into the connective tissue (asterisks). Only a few (Fig. 3B) or lack in Fig. 3A of
primordial follicles were found. C: Numerous small atretic follicles (arrows) in the ovarian cortex. D: Large atretic vesicles in the
part of cortex localized close to the medulla (arrows). E: Numerous interstitial glandular cells forming strips and clusters in the
connective tissue stroma. The presence of dilated blood vessels filled with erythrocytes was found. F: Pronounced congestion and
considerable fibrosis in the ovarian cortex.
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a relatively large number of interstitial gland cells in a form
of small clusters (Fig. 2F). The characteristic feature of the
ovarian cortex in this group of animals was by the presence
of numerous capillary vessels with considerably dilated lu-
men (Fig. 2A). The structure of the ovarian medulla was
similar to that observed in the control group.

Histological structure of the ovaries
in the group EII

The surface epithelium was formed by cuboidal or
squamous cells. Numerous small epithelial inclusion
glands as well as some invaginations of the surface
epithelium into the connective tissue were observed in
the most outer part of the cortex (Fig. 3A,B). As
a consequence, the tunica albuginea did not form
a single distinctive layer. The primordial and primary
follicles were infrequently observed (Fig. 3B,D). The
secondary follicles, usually containing only two layers
of granulosa cells, were more numerous than those
found in the two other groups investigated. An abun-
dance of atretic follicles, with variable size and inter-
nal structure, was observed throughout the cortex
(Fig. 3A,C,D,E). The largest, variously shaped fol-
licles were observed in the part of the cortex localized
close to the medulla (Fig. 3D). Numerous interstitial
glandular cells formed strips and clusters in the con-
nective tissue stroma (Fig. 3E). The ovarian cortex
was characterized by a pronounced congestion and
a considerable fibrosis (Fig. 3E,F).

Hormone tests

The results of the hormone tests are given in
Table 1. Significant differences in E2 concentrations
were measured between group EI and the control
group (P ≤.05), between groups EI and EII (P ≤ .05),
and between group EII and the control group (P
≤ .01). In addition, significant differences in P4

concentrations were measured between group
EII and the control group (P ≤ .05). The results
of endocrinological analyses of ovaries of pre-puber-
tal bitches indicate that experimental hyperestrogen-
ism increased E2 concentrations and decreased P4

levels.

Table 1. Mean (±SD) blood plasma concentrations of 17β-estradiol (E2) and progesterone (P4).

Specification/Group Control EI EII

E2 pg/ml 4.60 ± 0.15 14.66 ± 6.92* 21.58 ± 4.15**a

P5
4 ng/ml 0.1573 ± 0.065 0.1413 ± 0.030 0.1316 ± 0.024*

*P ≤ .05 compared to control; **P ≤ .01 compared to control; aP ≤ .05 compared to group EI.

Discussion

In dogs and other animal species, ZEN induces
clinical symptoms of hyperestrogenism (Gajęcka et al.
2004, 2008b, 2011b, Słomczyńska 2004, Turcotte et al.
2005, Fink-Gremmels and Malekinejad 2007). Due to
the high specificity of reproductive cycles, the re-
ported symptoms have been somewhat different for
various species investigated (Grundy et al. 2002, Song-
sasen and Wildt 2007, Zanghf et al. 2007).

ZEN, a phytoestrogen, exerts a powerful effect on
the ovaries, the main estrogen-producing organ in the
body (Alm et al. 2006, Fink-Gremmels and
Malekinejad 2007), and its impact is evaluated based
on its biological effects on the ovaries (Scippo et al.
2002). In bitches, ovarian pathologies pose a signifi-
cant health problem. Hormonal dysfunction caused by
elevated estrogen levels plays an important role in the
etiopathogenesis of ovarian diseases (Whitehead and
Rice 2006). In this study, ZEN and its metabolites
contributed to numerous regressive changes, includ-
ing degeneration and atrophy of cells and tissues,
mostly granulosa cells. The presence of the numerous
dilated blood vessels filled with erythrocytes (Fig. 2B
and 3E), characteristic symptoms of estrogenic activ-
ity, were also observed in nearly all ovarian structures
(Gajęcka et al. 2004). In our previous studies of multi-
parous bitches (Gajęcka et al. 2008b), ZEN was found
to have similar effects. Other research has yielded
comparable results with respect to other phytoestro-
gens (McClain et al. 2005).

Based on our knowledge of the correlations be-
tween endogenous steroids and estrogen receptors in
animals, the effect of ZEN and its metabolites on
ovarian function can be evaluated without analyzing
estrogen receptors (Gajęcka 2012). This approach
would explain the histological changes in the ovaries
of pre-pubertal bitches.

Bitch ovaries are covered with the ovarian surface
epithelium (OSE) which plays a variety of physiologi-
cal roles. Firstly, it acts as a partial barrier for bioac-
tive diffusion between the ovarian stroma and OSE.
Secondly, it conditions the periodic release of mature
or maturing ovarian follicles. In the control group,
OSE had normal histological structure. In experimen-
tal groups, the histological structure of OSE indicates
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that these cells are present in other ovarian struc-
tures. Small epithelial inclusion glands were observed
under the tunica albuginea in group EI (Fig. 2A). In
group EII, the glands were more pronounced, and the
noted invaginations observed reached the external
part of the cortex (Fig. 3A, 3B). It can be assumed
that invaginations were produced by ZEN and α-ZOL
(unpublished study), whereas the size and frequency
of invaginations were directly proportional to ZEN
doses in feed. Some researchers (Auersperg et al.
2001) have suggested that invaginations of the type
are observed in multiparous bitches as a result of pos-
tovulatory proliferation, which is unlikely to take
place in pre-pubertal bitches. The above could imply
that the changes observed in the studied animals were
pathological.

Changes in the histological structure of OSE and
the ovarian cortex could also be provoked by greater
congestion in the cortex region of group EII dogs
(Fig. 3E, 3F) as well as by the presence of numerous
capillary vessels with considerably dilated lumina (Fig.
2A) in group EI. Both factors intensify blood flow
through ovarian tissues, which implies faster access of
ZEN and α-ZOL to estrogen-dependent cells in the
ovary, i.e. cells containing ER proteins. In our previ-
ous study, the presence of only ERβ was found in
pre-pubertal bitches (Gajęcka 2012). ZEN has higher
affinity for ERα than to ERβ, and is a powerful antag-
onist of ERβ (Mueller et al. 2004). ZEN affinity for
ERβ of varies concentrations and the phase of the
estrous cycle (Hatoya et al. 2009). Locations of ER
subtypes in the ovaries of various animal species re-
ported by Korach et al. (2003) and in our previous
study (Gajęcka 2012) indicate that the changes ob-
served in ovarian tissues could be induced by ZEN
and α-ZOL effects on ERβ in the ovaries. It should
also be noted that an increase in ZEN concentrations
in feed is accompanied by a decrease in ERβ in ovar-
ian tissues (Gajęcka 2012). The above could imply
that congestion in the ovarian cortex is caused by
non-genomic effects of estrogens (Bishop and Stor-
mshak 2008). One of such estrogens is ZEN, an
exogenous ligand (Barton 2012).

Primordial and primary follicles were found most-
ly in the external part of the cortex, and their propor-
tion in ovarian tissues was characterized by a decreas-
ing trend in both experimental groups (Fig. 2B, 2C
and Fig. 3B, 3D) in comparison with the control (Fig.
1A, 1B, 1C). This trend was more expressed in group
EI, implying that it was proportional to the mycotoxin
dose in feed (above NOAEL). The above can be par-
tially attributed to the invagination of OSE into the
tunica albuginea (group EI; Fig. 2A) and even into
the surface of the cortex region (group EII – Fig.
3A,B), i.e. the stroma. This can lead to local thinning

of the tunica albuginea and the underlying stroma.
The described condition is observed in sexually ma-
ture bitches shortly before ovulation. It is a pathologi-
cal condition in pre-pubertal females because primor-
dial follicles are produced between the age of 17 and
54 days (Songsasen et al. 2009). Primary follicles are
observed in the course of the following 120 days,
whereas the experiment was performed on bitches
aged between 70 and 112 days (Concannon 2011).

According to Auersperg et al. (2001), stromal
thinning can induce apoptosis. The above has been
confirmed by the results of our unpublished study
(Gajęcka 2013) which determined apoptotic and pro-
liferative indices of ovarian follicles in the same
bitches. Intensified apoptosis and slower proliferation
were observed in primordial and primary follicles in
both oocytes and in follicular cells. Our previous find-
ings (Gajęcka and Przybylska-Gornowicz 2012) also
indicate that cell death resulted from excessive Ca2+

accumulation in mitochondria, mitochondrial dys-
functions and the ensuing drop or even loss of
mitochondrial metabolic activity in oocytes, follicular
cells and interstitial cells from pre-pubertal bitches.

The share of atretic follicles increased in both
experimental groups (Fig. 2A, 2B, 2D, 2E and
Fig. 3A, 3C, 3D, 3E) in comparison with the control
(Fig. 1B, 1D), and it was directly proportional to the
ZEN dose in feed. Most follicles were observed in the
medulla (Fig. 3D), therefore, it can be assumed that
follicular atresia was not spontaneous (the bitches
examined were very young) and that it was induced in
larger follicles (Doležel et al. 2004). The above hy-
pothesis is supported by the fact that intoxication las-
ted 42 days, but the available data covered only the
last day of the experiment.

In larger follicles, atresia begins in the follicular
wall, i.e. from the exterior, as connective tissue enters
follicles. During this process, theca cells become simi-
lar to paralutein cells, and they become a structural
element of the interstitial gland as a source of addi-
tional estrogen (Akihara et al. 2007). The above is
illustrated by the results in Table 1 which show a sig-
nificant increase in the concentrations of E2 in both
experimental groups, in particular in group EII. This
increase was accompanied by a significant drop in P4

levels in group EII as compared with the control.
The results of histological analyses of ovaries in

the studied bitches indicate that ZEN and its meta-
bolites have an adverse effect on the ovarian morphol-
ogy. Ovarian structures were significantly damaged in
both experimental groups (more profound changes
were observed in group EII at 150% NOAEL),
whereas no pathological changes were found in the
control animals. Those changes involved pathological
invaginations of OSE with morphological conse-
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quences and the disappearance of ovarian follicles,
which was accompanied by numerous extravasations
and the presence of vessels with dilated lumina. Our
findings suggest that ZEN exerts a negative effect
even at very low doses which are encountered in the
natural environment. In the studied bitches, long-term
(42 days) exposure to ZEN administered at threshold
doses contributed to histopathological changes in the
ovarian tissue.

The results of endocrinological analyses of ovaries
in pre-pubertal bitches indicate that experimental hy-
perestrogenism increased E2 concentrations and de-
creased P4 levels.

Acknowledgements

The author would like to thank Professor J.
Szarek and DVM I. Babińska for their help with the
laboratory work. This study was financed by research
grant No. N N308 242635 from the Ministry of
Science and Information Technology in Poland.

References

Akihara Y, Shimoyama Y, Kawasako K, Komine M,
Hirayama K, Terasawa A, Ohmachi T, Matsuda K,
Okamoto M Taniyama H (2007) Histological and im-
munohistochemical evaluation of canine ovary. Reprod
Dom Anim 42: 495-501.

Alm H, Brüssow KP, Torner H, Vanselow J, Tomek W,
Dänicke S, Tiemann U (2006) Influence of
Fusarium-toxin contaminated feed on initial quality and
meiotic competence of gilt oocytes. Reprod Toxicol
22: 44-50.

Auersperg N, Wong AS, Choi KC, Kang SK, Leung PC.
(2001) Ovarian surface epithelium: biology, endocrinol-
ogy, and pathology. Endocr Rev 22: 255-288.

Barton M (2012) Position paper: The membrane estrogen
receptor GPER – Clues and questions. Steroids
77: 935-942.

Bishop CV, Stormshak F (2008) Non-genomic actions of
progesterone and estrogens in regulating reproductive
events in domestic animals. Vet J 176: 270-280.

Boermans HJ, Leung MC (2007) Mycotoxins and the pet
food industry: toxicological evidence and risk assessment.
Int J Food Microbiol 119: 95-102.

Concannon PW (2011) Reproductive cycles of the domestic
bitch. Anim Reprod Sci 124: 200-210.
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