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Abstract

Aim: Mercury, an environmental contaminant, is a risk factor for health in whole living organisms. In this study,
we investigated whether mercury vapor (HgO) inhalation has an effect on rat ovary.
Methods: Twelve Wistar albino rats were divided equally into experimental (Hg) and control groups (n = 6).
Animals in the Hg group were exposed to HgO for 45 days at a dose 1 mg/m3/day, after which, histological
and stereological assessment were carried out.
Results: Ovaries exposed to HgO had histo-morphometric alterations. HgO inhalation resulted in reduction of
the total number of primordial, primary and Graaf follicles. Also, mean volume of ovary, medulla and cortex,
corpus luteum (c. luteum) and Graaf follicles was decreased in the Hg group. Moreover, there was a significant
increase in total volume of the atretic follicles. On light microscopy, thickening of tunica albuginea, increase of
fibrils within the connective tissue, congestion of the capillaries and venous vessels, thinned walls and fibrin
deposition in some large blood vessels, and edema were seen. Also, irregular follicle and oocyte borders, and
hydropic degeneration in follicular granulosa cells were detected.
Conclusion: Structural alterations could be attributed to the toxic influence of HgO on rat ovary. The use of Hg
should therefore be more controlled to minimize its toxic effect.
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Introduction

Mercury (Hg) is a critical environmental contaminant
that exists in liquid form at room temperature. Having
been absorbed, Hg is transported via the bloodstream
to the organs, where it accumulates in various
tissues.1,2 Hg accumulation then induces production
of reactive oxygen species (ROS) and so generates
toxicity in the body.3–5 Accumulation of Hg can happen
in any part of the reproductive system such as the
corpora lutea and ovaries, and toxicity may develop
in the system.6–9

Few epidemiological studies have been done on
abnormalities of the reproductive system due to Hg. It
has been reported that Hg is associated with stillbirth,
congenital malformation, and spontaneous abortion in
female dentists.10 There was a considerable association
between Hg-exposed women and the occurrence of dis-
orders of the menstrual cycle and also reduction of fertil-
ity.9–13 In some animal studies, Davis et al. noted changes
in the estrous cycle, estradiol, and progesterone levels
due to HgO inhalation in female rats.14 Also, inhibition
of ovulation was seen in Hg-exposed female golden
hamsters.15 Therefore this phenomenon can affect the
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feedback systems between the hypothalamus, pituitary,
and ovary.13–16

To date, few studies have been carried out on the effect
of HgO inhalation on the female reproductive system,
and none of these studies included unbiased stereologi-
cal analysis or detailed histological evaluation of the
ovary followingHg inhalation. In this study,we assessed
the effects of HgO inhalation on rat ovary using histopa-
thology and stereology.

Methods
Subjects and animal care

In this study, 12 adult female Wistar albino rats were
used, each weighing 200 g, and 8–10 weeks old.
Ethics approval for this investigation was granted
by the Experimental Research and Application Cen-
ter of Atatürk University. Subsequently, rats were ob-
tained from the Experimental Animal Research and
Application Center of Atatürk University (Erzurum,
Turkey). All rats were kept at 22 ± 2°C under a
12:12-h day–night cycle with controlled humidity of
50 ± 5%. Rats were given access to standard rat chow
and water ad libitum. The rats were divided into two
groups each containing six individuals (n = 6): a con-
trol group and an Hg group. During the 45-day
study period, HgO-treated rats were housed in a spe-
cially designed bulb, and subsequently exposed to
HgO inhalation (1 mg/m3/day).12,17 The control
group rats (untreated subjects) were kept in a plastic
cage without exposure to HgO or stress. After com-
pletion of the study, rats in both groups were
anesthetized using 2–3% sevoflurane (Sevorane®
Liquid 250 mL; Abbott, Istanbul, Turkey) in 100%
oxygen. All of the rats were then killed, and
subsequently perfused, and the ovaries dissected
completely out.

Histology

For the fixation procedure, the ovaries were embedded
in 10% formaldehyde solution, and tissues were
processed using graded alcohols, xylene and paraffin.
Then, 5-μm-thick sections were obtained using a rotary
microtome from blocked ovary tissue in a transverse
plane. All of the sectionsweremounted onto glass slides,
and stainedwithH&E for lightmicroscopy.18After stain-
ing, true section thickness was confirmed using Stereo-
investigator version 9.0 (Microbrightfield; Gantenbein;
Ankara, Turkey).

Follicle classification

Ovarian follicles contain a single immature oocyte.19

Histologically, in the ovarian sections, there were three
major types of follicles: primordial; growing primary;
and mature Graaf. In the primordial follicles, primary
oocytes were enclosed within thin and single squamous
or cubical epithelial cells, and comprised the majority of
the follicles in the ovary.20 In the primary follicles, the
oocytes were covered by cuboidal epithelial cells. Ulti-
mately, Graaf follicles were the most enlarged follicles,
and consisted of cumulus oophorus, corona radiata
and a large antrum. Also, corpora lutea were defined
as developing from the Graaf follicles following ovula-
tion. Moreover, many atretic follicles undergoing degen-
eration before or after maturity were observed in the
ovarian slices.

Morphometry

The quantitative data were assessed using a research
microscope (Olympus BX 51 microscope; Olympus
Optical, Tokyo, Japan) with DP 71 camera (Olympus,
Olympus Optical, Tokyo, Japan). Images of the ovarian
sections were obtained using the microscope–camera
system andwere evaluated for histopathology and stere-
ology using Adobe Photoshop CS3 (San Jose, CA, USA).

Stereology

Ovarian volume estimation

The Cavalieri and point-counting grid method were
used to measure the volume of the ovarian structures.21

To achieve unbiased assessment, tissue blocks must be
sectioned consecutively at equal intervals.22 For this pur-
pose, two different point-counting test grids were uti-
lized on the parallel sections. The point density of the
point-counting grid was designed according to pilot
studies, to obtain acceptable coefficient of error (CE).23

The CE and coefficient of variation were estimated ac-
cording to previously published formulas.24 Two differ-
ent point-counting grids were composed of dense and
loose points, according to the area of interest. The loose
points were used to appraise the volume fraction of the
cortex andmedulla of the ovary. Dense points were used
for estimation of the follicle volume. A test grid was
placed on the screen of the PC as a reference section. Sub-
sequently, the point-counting grid was superimposed
randomly on the cut surface of images of interest, and
the volume of each ovarian structure was calculated
using the following formula:25

volume (V) = t × a(p) × (ΣP),
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where t is the section thickness, a(p) is area of the each
point on the grid and ΣP is total number of points hitting
the surface of interest in the sections.

Estimation of total follicle number

The physical dissector method was applied to pairs of
sample sections, providing valid and unbiased estima-
tion.26 Consecutive sections were processed using
systematic random sampling. One of the two sections
was selected as a reference section and the other as a
look-up section. To estimate profile of interest in the
reference section, light microscopical image of the cut
surface was separated into equal parts of areas x and y
axes using Stereoinvestigator 9.0 (Microbrightfield;
Gantenbein). Photographs were then taken of each
previously determined area using a CCD camera. This
procedure was then repeated in the look-up section.
All of the images related to the dissector pairs were then
transferred to another computer, so that the fields could
be investigated for profile of interest. An unbiased
counting frame was superimposed on the correspond-
ing counting field.27 Subsequently, the particle profiles
were acceptable when theywere viewed in the reference
section but not in the look-up section, and vice versa.28

We calculated the numerical density of follicles per unit
volume, using the following equation:

N ¼ ΣQ�

ΣVDisector;

where N is total number of each follicle type, ΣQ� is the
number of counted follicles and ΣV (t × A) is the total
volume of the dissectors.

Results
Stereology

In Hg group rats, significant reduction was seen in the
mean volume of ovary (P < 0.01), medulla (P < 0.01),
cortex (P< 0.05), Graaf follicles (P< 0.01) and c. luteum
(P < 0.05) compared with the controls (Table 1). In
contrast, there was significant increase in the mean
volume of atretic follicles (P < 0.05) compared with the
control group (Table 1). Meanwhile, the total number of
both the primordial and primary, as well as of the Graaf
follicles, was significantly decreased in the Hg group rats
compared with the control group (P < 0.01; Table 2).

Histopathology

No histopathological changes were noted in the control
group ovaries (Fig. 1), but substantial changes were seen
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in the Hg group (Fig. 2). The tunica albuginea was thick-
ened in the ovaries of rats exposed to HgO. Under the
tunica albuginea inside the ovary, distinctive structural
alterations were seen: fibrils within connective tissue
were increased, capillaries and blood vessels were
congested, the walls of some large and dilated veins
were thinned and had fibrin deposition, edema was
recognizable in the stroma, and many maldeveloping
follicles were identified inside the ovarian stroma
(i.e. follicle borders were irregular, and hydropic
degeneration was observed in follicular granulosa
cells). Oocyte borders within the follicles were irregular.

Discussion

Exposure to HgO used in dental clinics as filling mate-
rial, in the atmosphere, and in various occupations has
an adverse influence on body health.29–31 It is thought
that Hg suppresses the DNA repair mechanisms and
molecular mechanisms, resulting in cell damage,
increased lipid peroxidation products, and decreased
glutathione peroxidase enzyme activity.32,33 Also, the
toxicity of Hg could attenuate the activity of antioxidant
enzymes, and impair mitochondrial function.34,35

Given the ability of Hg to spread into tissue, the repro-
ductive system in female individuals is susceptible to
disorders following exposure to Hg.30,36 Such factors
can directly or indirectly affect the architectures of
the ovary and their components, and also cause
abnormalities in ovulation. For example, Hg can

induce single-strand breaks in DNA and reduction
of DNA replication in Chinese hamster ovary
cells.37,38 In the present study, HgO inhalation caused
follicular atrophy and degeneration, and significant
alterations were noted in HgO-treated ovarian samples.
The total number of primordial, primary and Graaf
follicles was significantly decreased in the HgO-treated
rats. In other studies it was found that Hg could accumu-
late in mature ovarian follicles, in the c. lutea and within
granulosa cells of the atretic follicles.14,39

The hypothalamus plays a regulatory role in the
reproductive axis involving the hypothalamus, pituitary
gland and ovary. After HgO inhalation, Hg can be
deposited in the rat hypothalamus and pituitary.40,41

Thereafter, plasma luteinizing hormone (LH) level can
be disturbed as a result of the changes in secretion of
LH-releasing hormone into the hypothalamus.42 Also,
it is well known that gonadotropins (LH, follicle-
stimulating hormone), the most powerful follicle
survival factors, ensure healthy function of the ovary.43

There is a direct correlation between exposure to Hg
and decrease in the production of sex hormones in fish.44

One study noted that reduction of cholesterol occurred
in ovary following exposure to Hg, followed subse-
quently by reduction of steroidogenesis and steroid
hormone synthesis.45Hg exposure also inhibits the activ-
ity of 3-β-hydroxy-Δ5-steroid dehydrogenase, which is
present in all steroidogenic tissues.45–47 Thus, progester-
one secretion abnormalities in the c. lutea were seen, due
to luteal cell membrane damage, therefore, cellular
metabolism was disturbed.45–47 Additionally, the
suppression of 17β-estradiol by Hg enhances ovarian
follicular apoptosis in fish.48 Likewise, apoptosis of
ovarian follicle cells (i.e. granulosa, theca) due to Hg is
associated with oxidative stress and also alterations in
follicle survival factors (hormones).49,50 Hence, Hg can
induce severe stress response and oxidative damage in
the human ovary, and folliculogenesis can be affected as
a result of hormonal irregularity.50,51

Figure 1 (a–c) Light microscopy images of ovaries in the control group, showing healthy ovarian stroma and follicle structures.
st, stroma. Inset, primordial follicles. Scale bars, 60 μm.

Table 2 Follicle quantification (mean ± SEM)

Groups Total no.
primordial
follicles

Total no.
primary
follicles

Total no.
Graaf
follicles

Control 1620 ± 65 623 ± 81 6 ± 4
HgO 976 ± 57** 417 ± 19** 3 ± 2**

**P < 0.01.
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The morphometric alterations in the architecture of
follicles and ovary observed in the present study are in
accordance with previous studies. It has been proved
that reduction in gonad size is caused by exposure to
Hg in female fish.51 In the present study, mean volume
of whole ovary, cortex, medulla, c. lutea and Graaf
follicles were stereologically estimated on prepared
sections for both the HgO and control groups. In the
HgO group, all volumes were reduced in comparison
with controls, indicating that Hg can affect the morphol-
ogy and maturity of the c. lutea in the rat, and lead
to a lack of follicular maturation and decrease in
healthy follicles.

On histopathology, prepared slides of ovaries were
evaluated to identify possible structural alterations. The
results indicated thatHgO exposure can affect the female
reproductive system, due to the structural alterations
caused by the accumulation of Hg in the ovarian tissue
in the Hg group. Edema was also recognizable in the
ovaries of the Hg group, along with mononuclear cell
infiltration into the ovarian stroma and structural alter-
ations of blood vessels. Hg can also affect the cardiovas-
cular system and endothelial function.52 Namely, Hg
reduces endothelial formation, which is responsible for
repair, resulting in endothelial dysfunction.53 An
increase in connective tissue fibrils were also found in
the ovary of the HgO-treated group; this might be due
to the physiological alterations of the fibril-producing
cells at the outer part of the ovary. The tunica albuginea
was thickened; with regard to blood vessels, capillaries

and venous vessels were congested. In the walls of some
large vessels, thinning and fibrin deposition were
occasionally observed.
It has been reported that exposure to Hg caused

changes in the hypothalamo-neurohypophyseal com-
plex and arrest in oocyte development,54 and apoptosis
of ovarian granulosa cells.55 In the present study, in the
Hg group the follicles were not healthy, and had irregu-
lar follicle boundaries. Also, granulosa cells around the
oocytes had undergone hydropic degeneration, and
the boundaries of the oocytes located within the folli-
cles were also irregular.
In conclusion, to our knowledge, this is the first study

to estimate follicle number and volumes in rat ovary
exposed to Hg, using stereological techniques. In the
present study, we investigated the potential impact of
HgO inhalation on both numerical and volumetric
morphometrics of the ovary and their components, and
also on histopathology. We found that female rat ovary
was affected by HgO inhalation. Thereby, alterations of
ovarian structures were correlated with HgO inhalation.
Hence, exposure to HgOmight have a toxic effect on the
reproductive system in humans. Therefore, public health
authorities should make all necessary efforts to limit the
use of Hg.

Disclosure

The authors declare no conflicts of interest.

Figure 2 (a–f) Light microscopy images of ovaries in the HgO group. *Increased fibril content in the connective tissue areas;
#fibrin content within the blood vessels. df, including follicle cells with hydropic degeneration; o, edema; os, irregular border
of oocytes. Arrows, thinned wall structure of blood vessels. Scale bars: a–c, 60 μm; d–f, 40 μm.
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