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Abstract
Background: Congenital toxoplasmosis is one cause of abortion. Infection can

disrupt ovarian cycles and because toxoplasmosis is an infectious disease may have
a similar effect on the ovaries. The purpose of this study was to investigate the
pathological changes in the ovaries due to toxoplasmosis.
Methods: Tachyzoites of Toxoplasma gondii were harvested from peritoneal fluid of
mice, experimentally infected. Two females and one male mouse were housed per
cage for mating in the overnight. The pregnant mice were divided into experimental and control groups. Experimental group were infected by parasite but the
control group received the normal saline. The experimental and control mice were
euthanized. Ovaries and uterine horns of animals were removed and prepared for
light microscopy.
Results: Ovaries of infected pregnant mice presented gross morphological differences compared to the control groups. In ovaries of experimental groups, changes
of corpus luteum were observed. The comparison of experimental and control
groups revealed that the number of primary follicles, secondary follicle, atretic primary follicles and atretic secondary follicles had significant differences (P≤0.001).
Conclusion: Toxoplasma gondii alters ovarian follicular growth and development in
mice. In addition, it alters number of different phases of follicles and corpus luteum in ovaries of mice.

Introduction

T

oxoplasmosis is a common disease in
humans, domestic and wild animals
(1, 2). Congenital toxoplasmosis is
one of the principal etiologic factors for abor273

tion (3). The mechanism of abortion due to
toxoplasmosis is not fully defined, and the
effects of this parasite on corpus luteum function have not been explored (4). Infection disAvailable at: http://ijpa.tums.ac.ir
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rupts ovarian cycles and may reduce fertility.
In normal rats, infection could inhibit ovulation (5). Since toxoplasmosis is an infectious
disease may has similar effects on the ovarian
function. In addition, chronic infection influences noradrenergic mechanisms in hypothalamus; which may be responsible for reduced
reproductive activity (6).
Since Toxoplasma could also be deployed in
brain tissue, it could affect the function of different parts of the brain like hypothalamus (6).
Transient hypogonadism and testosterone
changes may be observed in men with toxoplasmosis (7, 8). The change of serum and salivary testosterone levels in Toxoplasma-infected
men and women is confirmed (9). Although
the mechanism of relationship between testosterone and toxoplasmosis is important but the
process is not clear (10). Histological examination of Toxoplasma-infected female mice
showed distinct hypertrophy of the endometrium and myometrium. The result of Fux
study on Toxoplasma-infected mice compared
to the uninfected animals showed that ―a tendency for a reduction in folliculogenesis and
the formation of corpora lutea in the ovaries‖
(11). Coutinho et al. sought the mechanisms
involved in poor pregnancy outcome when
animals are infected by Toxoplasma. Since
pathological changes in the placenta are more
common and severe than in the fetus, it seems
that placental damage is probably the primary
cause of fetal death (12).
Epidemiological studies have shown high
prevalence of toxoplasmosis in Iran (13, 14).
Molecular methods have confirmed the presence of Toxoplasma gondii in tissues of ovary
and uterus of mice, infected vaginally (15).
The purpose of this study was to investigate
the pathological changes in the ovaries due to
toxoplasmosis.

Materials and Methods
Mice

Eight to 12 wk old female NMRI mice were
obtained from Pasteur institute of Iran. The
Available at: http://ijpa.tums.ac.ir

mice were maintained in polyethylene cages
with free access to food and water in a room
with controlled humidity and temperature
(22– 24 °C) on a 12-h light/dark cycle. Two
females and one male were housed per cage
for mating in the overnight. Observation of
vaginal plug designated as first day of pregnancy (P/1). Pregnant females were removed
from the mating cages.
This study was approved by the Medical
Ethical Committee of Arak University of
Medical Sciences, Arak, Iran (Code no. 607).

Parasite

The RH strain of Toxoplasma gondii was provided by Department of Parasitology, Faculty
of Health, Tehran University of Medical Sciences. Tachyzoites of parasite were harvested
from peritoneal fluid of white mice which 4
days earlier had been experimentally infected.
These parasites were used for infection of experimental animals via intra-vaginal (IV) in
first day of pregnancy.

Experimental infection and pregnancy
outcome

The pregnant mice were divided into 2
groups: 1) Experimental group that infected
by 15 µl of normal saline containing parasite
(contain 5×105 parasite) via intra-vaginal (IV).
2) Control group that received the same volume of normal saline via IV. Procedure of intra-vaginal inoculation was described previously (15). Experimental group were inoculated on the first day of pregnancy. Each
group divided into 3 subgroups.
The experimental and control females were
euthanized and examined on day 4 p.i. (post
infection) , day 9 p.i. and day 16 p.i.
Each experimental subgroup constituted at
least six animals. After euthanasia by cervical
dislocation, ovaries and uterine horns were
removed from each animal.

Tissue preparation for light microscopy (LM)
A: Right ovary organ of experimental and
control groups were fixed in 10% formalin for
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48 hour. Before fixation, the tissues were
briefly washed with saline and then excised
tissues were fixed in formalin (pH 6.8) and
embedded in paraffin. Sectioning was conducted in 5 μm thickness by microtome from
ovary organ totally. Five similar sections were
selected from each ovary randomized. The
sections of each paraffin block were stained
with Hematoxylin and Eosin (16). Finally, sections were studied and photographed with
light microscopy in this relation a10×100 objective lens were used to capture photos (NIKON Eclipse E2000-Videocamera DSFi1,Japan). All chemical were purchased from
Merck (Co. Germany).
B: The sections were observed under light
microscopy. Healthy and atretic follicles were
evaluated with Image Tool (UTHSCSA, Version 2.03-alpha 6). According to Jolly et al.
and Fortune et al. (17, 18) all healthy follicles,
with intact oocytes, were classified in: a) number of primary follicles, without follicular antrum, b) number of secondary follicle, showing follicular antrum, C) number of atretic primary follicles, (D) number of atretic secondary
follicles, E) number of courpus luteum. The
atretic follicles (C and D) were characterized
by degenerating oocytes, disorganized granulosa cell layers, folded zona pellucida, partially
or completely separated from corona radiata
and from granulosa cells of the oocyte as well.
Apoptotic bodies were common inside, outside the oocytes, and in granulosa cells (19).
The degenerating primordial or primary follicles were termed atretic follicles and those
with degeneration in the secondary of graaf
follicles, atretic secondary follicles. The number of all type of follicles and corpus luteum
bodies per ovary were counted with imaging
software Image tools (Uthscsa , version 3) .

Statistical Analysis

The mean ± SD of each variable was studied in experimental and control groups and
the statistically significant difference was determined with Kruskal Wallis and U Mann
Whitney tests .The analysis was performed
275

between the groups by Oneway ANOVA test
(P<0.05).

Results
Effects of toxplasmosis on ovarian morphology

Ovaries of pregnant mice that were vaginally
infected by Toxplasma presented gross morphologic differences compared to those of the
control groups. The primary and secondary
healthy follicles and corpus luteum of the control groups showed normal appearance (Fig.
1A). All ovarian sections in experimental
groups showed great defects in follicles, atretic
follicles and corpus luteum in developmental
stages (Fig. 1B). Furthermore, in these groups
some of the primary follicles showed normal
appearance, although with high congestion
compared to the control group (Fig. 1B).

Fig.1: The section of ovary in mice in16th day of
pregnancy. A. Mice ovary in control group (10
×10). B. Mice ovary in experimental group
(10×10). 1) Corpus luteum , 2) Primary follicle 3)
secondary follicle 4) Atretic primary follicles 5)
Atretic secondary follicles

Atretic primary follicles presented retracted
primary oocytes with vacuolated cytoplasm,
eccentric nucleoli, and an irregular membrane.
The zona pellucida was disintegrated in many
areas and the granulosa cells were disaggregated. Granulosa cells were observed around
the oocytes with piknotic nuclei the corona
radiata cells were detached from the zona pel-
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lucida, which was folded. In general, the tissue
sections in subjects compared to the controls,
increased follicle atresia (Fig. 1B).
In ovaries of experimental groups were observed the effects of toxoplasmosis on corpus
luteum as polyhedral luteal cells, higher staining of paraluteal cells, increased heterochromatin, a prominent nucleolus, cytoplasmic inclusions with vacuolar appearance, and poor
staining (Fig.1B). Generally the number of

Fig 2: The comparison of number of atretic primary follicles in experimental and control groups at
4, 9 and 16 days of pregnancy

Fig 4: The comparison of number of follicles
(primary and secondary follicle, atretic primary and
secondary follicles) in 4, 9 and 16 days of pregnancy
in the experimental groups

As shown in Fig.3, comparing experimental
and control groups, the number of atretic secondary follicles is higher than the experimental
group.
According to Fig.4, comparing experimental
groups, the maximum number of atretic primary follicles and atretic secondary follicles
were shown on the fourth day of pregnancy.

Available at: http://ijpa.tums.ac.ir

corpus luteum in experimental group is reduced compared to the control by increasing
gestational age, but this decrease is not regular
(Fig. 1B).
As shown in Fig.2, comparing experimental
and control groups, the number of atretic primary follicles is higher than the experimental
group. As shown in Fig. 2, the number of
atretic primary follicles decreases with increasing gestational age.

Fig3: The comparison of number of atretic secondary follicles in experimental and control groups at 4,
9 and 16 days of pregnancy

Fig 5: The comparison of corpus luteum number in
experimental and control groups

Effects of toxplasmosis on number of
atretic follicles and corpus luteum

Comparing the experimental and control
groups revealed that the number of all type of
follicles (primary and secondary follicle, atretic
primary and secondary follicles) had significant differences (P≤0.001).
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According to Fig. 5, in control group by increasing gestational age the number of corpus
luteum decreases but approximately in experimental groups of 9 and 16 days of gestation
number of corpus luteums is equal.

Discussion
Histological changes in the ovaries of pregnant mice that had contact with T. gondii, already has not been reported. In the present
study, mice were infected vaginally with T.
gondii. Our results showed that T. gondii could
alter ovarian follicular growth and development in mice. In accordance with our results,
during pregnancy significant increase in the
number of atretic follicles could be due to infection with Toxoplasma.
In the first stage of embryonic development,
increase in follicular atresia is caused by cytotoxicity process. If steroid concentrations increase in infected mice, it may lead to physiological imbalances in Hypophysial-Hypothalamic axis of ovary, which eventually
inhibit the secretion of GnRH, LH and FSH.
These hormones are necessary for induction
of ovarian steroid synthesis. Probably, increase
in steroid synthesis leads to hypertrophy of
granulosa and thecal cells, physiological and
morphological changes in the follicle and
eventually it leads to apoptosis (20-22). Accordance to our results, significant differences
were observed between corpus luteum number in experimental and control groups. The
corpus luteum is a transient endocrine organ.
Its main function is secreting of progesterone,
which is necessary to continue the pregnancy.
After ovulation, progesterone secretion from
the remains of the follicle begins immediately.
The follicular cells just like rays are drawn
from the center to the perimeter and begin to
proliferation, differentiation and angiogenesis
that is like no other tissue is the body
(23).The reaction of the body against toxoplasmosis can lead to increases of macrophages. Macrophages produced in a techal layer of
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follicles are growing accumulation. It seems
that the macrophages play a role in follicular
growth and ovulation and contribution in vascular homeostasis (24-26). Macrophages suddenly after ovulation start migrating toward
the growing corpus luteum in humans, mice
and rats (27-28). These cells affect steroidogenesis of corpus luteums’ cells and play an
important role in tissue repair after luteal regression (29-30). During each step of follicular
phase, atretic changes may happen in each cell
follicle. Moreover, cell death may be stimulated in some certain neighboring cell after initiating appotosis in granulosal cells (24). The
amount of apoptosis in human granulosal cells
will increase after ovulation stimulation (25).
The present data findings approved increased
intercellular space in various areas of the corpus luteum in ovarian induction group. It
seems that ovarian stimulation acts through
reduction of intercellular adhesions and results
in intercellular space formation. Finally, it will
lead to increase in apoptosis induction rate in
corpus luteum cells.
―Cell adhesions and interactions in the granulosa cells are effective in cell signaling, interacellular substrates transfer and hemostasis
maintenance that finally increased intercellular space in the granulosa cells and leads
to deficiency in proliferation and maturation‖
(26, 28). Probably, in toxoplasmosis infection
macrophages are increased in uterus and ovary
of host. We observe in this study that increase
in ovarian macrophages may accelerate the
luteal regression process and reduces the size
of the corpus luteum.

Conclusion
Toxoplasmosis infection could be due to
histological changes in ovaries of NMRI mice.
The parasite alters ovarian follicular growth
and development in mice. In addition, it alters
number of all follicles (primary and secondary
follicle, atretic primary and secondary follicles)
and corpus luteum in ovaries of mice.
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