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Abstract Laryngeal manifestations due to estrogen defi-
ciency have been studied in the literature. But to date, the
possible histopathological changes of laryngeal mucosa
due to estrogen deficiency have not been studied. There-
fore, our objective was to determine the histopathological
changes of laryngeal mucosa in ovariectomised rats in
order to clarify effects of estrogen deficiency on laryngeal
tissue. The study is a randomized trial and was conducted
at the animal care facility of Haydarpasa Numune Educa-
tion and Research Hospital. Twenty-one Wistar rats were
used throughout the experiment. There were six rats in the
sham-operated control group. And others were divided into
two groups (4, 8 weeks) according to follow-up time after
ovariectomy. We observed significant changes 4 weeks
after ovariectomy when we assessed subepithelial edema,
inflammation, cilia and goblet cell loss (p < 0.01). It was
shown that estrogen deficiency after ovariectomy in rats
caused changes in laryngeal tissue when it was studied
histopathologically.
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Introduction

During menopause the ovaries lose their ability to produce
estrogens and to ovulate. As a result of estrogen deficiency,
menopausal symptoms, such as hot flashes and decreased
bone density occur. Also, ovarian dysfunction causes
mucosal atrophy and edema in urogenital system [1].

Although in women urogenital system is the major tar-
get of estrogen, there are other tissues which have estrogen
receptors, so that they also become target organs of
estrogen [2]. There exists some evidence of a probable
modulating effect of sex steroids on the larynx [3-5].

Recently, some studies on laryngeal manifestations due
to estrogen deficiency have been done [6, 7]; among them
studies especially about vocal quality has come to the fore
[8]. However, none of them emphasizes the histopatholo-
gical evidence of laryngeal pathologies related to estrogen
deficiency.

Thus, the goal of our study was to investigate the
histopathological changes of laryngeal mucosa in ovariec-
tomised rats in order to clarify effects of estrogen
deficiency on laryngeal tissue.

Materials and methods
Study design and setting

Young adult female Wistar rats (9-10 months old)
weighing 210-220 g were housed in stainless-steel mesh
cages in a temperature controlled room (25°C) on a 12-h
light, 12-h dark cycle. The animals were maintained
ad libitum on water and rodent laboratory chow. All
experiments were carried out with the approval of the
Haydarpasa Numune Education and Research Hospital
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animal use committee. Efforts were made to minimize
animal suffering and to reduce the number of animals used.

The animals were divided into groups according to
follow-up time after ovariectomy.

Group 1 Sham-operated control group (n = 6).

Group 2 Surgically ovariectomised rats which were
followed up a period of 4 weeks (n = 7).

Group 3 Surgically ovariectomised rats which were
followed up for 8 weeks (n = 8).

Surgical procedure

In order to achieve estrogen deficiency in rats, ovariectomy
operations were performed. Ovariectomies were carried out
under ketamine HCL anesthesia (35 mg/kg, im). The fur on
both sides of the body was shaved from hip to the lowest
rib. Bilateral ovariectomies were performed using an
incision 1.5 cm inferior to palpated rib cage. Ovaries and
surrounding fat tissue were removed; the incision was
closed by suturing the muscles and skin. Similar surgical
procedures were carried out for the sham-operated animals
except that the ovaries were not removed.

After at least 2 weeks of recovery rats were divided into
their groups. At the end of their follow-up periods, rats
were anesthetized with ketamine HCI (66 mg/kg ip and
44 mg/kg im) and decapitated. Their larynges were
dissected and laryngeal mucosa were removed without
disturbing their integrity.

Hormone analysis

Before decapitation of rats, intracardiac blood samples for
assessment of serum hormone levels were obtained. Blood
samples were analyzed by using a solid-phase two-site
chemiluminescent enzyme immunometric assay. Immulite;
EURO/DPC, Llanberis, United Kingdom (estrogen pg/ml).

Pathologic evaluation

Specimens were put in 10% formaldehyde solution. Spec-
imens were sliced to 10 pm thickness and stained with
hematoxylin and eosin. All of the slices were examined in
blinded fashion by our pathologist under light microscopy
to identify histopathological changes. The histopatholo-
gical changes were considered as edema, vascular dilata-
tion, inflammation in lamina propria and inflammation,
cilia loss, goblet cell number in respiratory epithelium.

To evaluate subepithelial edema magnification of 100, a
score was assigned according to the degree of them: 0
(none), 1 (mild), 2 (moderate), or 3 (marked).

To qualitatively evaluate the severity of inflammation,
hyperplasia of the epidermis, amount of exudate on the
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epithelial surface, extent of thickening of the dermis, blood
and lymph vessel dilation and infiltration of polymorpho-
nuclear leucocytes (PMNL) and lymphocytes were taken
into account. They were graded as +, mild inflammation
(infiltration of few PMNL and lymphocytes); —++,
moderate inflammation (infiltration of some PMNL and
lymphocytes); +++, severe inflammation (severe infiltration
of many PMNL and lymphocytes).

Cilia loss was considered morphologically by light
microscopy. When cilia were observed lesser than normal
in areas where they should be normally seen, it was graded
as mild (+). If there were severe loss of cilia, it was graded
as moderate (++); and if total loss was observed, it was
graded as severe (+-+-).

At a magnification of 400, the number of goblet cells
visible were counted.

Statistical analysis

All statistical calculations were performed with NCSS
2007 and PASS 2008 Statistical Software (Utah, USA).
Besides standard descriptive statistical calculations (mean,
median and standard deviation), Kruskal-Wallis test was
used in the assessment of parameters according to groups,
Mann—Whitney U test was used for the evaluation of dif-
ferences. The statistical significance level was established
at p < 0.05 and confidence interval was 95%.

Results
Serum estrogen level

The mean serum estrogen levels were 78.04 £ 8.82 in
control group and 51.27 + 5.36; 34.41 4+ 7.16 in 4 week
and 8 week groups, respectively. The differences of mean
serum estrogen levels between the groups were statistically
significant (p < 0.01).

Subepithelial edema

When we assessed submucous gland hyperplasia between
the control group and the study groups, there were signif-
icant difference (p < 0.05). The assessment of subepithe-
lial edema between the control group and 4-, 8-week study
groups revealed significant differences, respectively
(p = 0.001; p = 0.001; p < 0.01) (Fig. 1a, b) (Table 1).

Inflammation
The assessment of inflammation between the control group

and the study groups revealed significant difference
(p < 0.05). The comparison of inflammation between the
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Fig. 1 a Subepithelial edema distribution of the groups. b Subepithe-
lial edema in larynx mucosa (HE&E 60 x 10)

Table 1 Comparison of changes in larynx

Subepithelial edema  Inflammation  Cilia loss
Control group I  0.001%** 0.001** 0.013*
Control group II ~ 0.001%** 0.0017%* 0.0017%%*

Mann—Whitney U test was used to evaluate post hoc subgroup
analysis

p < 0.05; ** p <0.01

control group and 4-, 8-week groups revealed significant
differences, respectively (p = 0.001; p = 0.001; p < 0.01),
(Fig. 2a, b) (Table 1).

Cilia loss

When we assessed cilia loss between the control group and the
study groups, there were significant difference (p < 0.05). The
comparison of cilia loss between the control group and 4-,
8-week groups revealed significant differences, respectively
(p = 0.013; p = 0.001), (Fig. 3a, b) (Table 1).

Goblet cell distribution

When we examined laryngeal tissue specimens in light
microscope, we observed significant goblet cell loss
between control and study groups, respectively (p = 0.001;
p = 0.001; p < 0.01), (Fig. 4; Table 2).
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Fig. 2 a Inflammation distribution of the groups. b Inflammation in
larynx mucosa (HE&E 60 x 10)

a _ Cilia Loss

Control Group-
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Fig. 3 a Cilia loss distribution of the groups. b Cilia loss in larynx
epithelium (HE&E 60 x 10)
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Fig. 4 Goblet cell distribution of the groups

Table 2 Comparison of Goblet cell distribution between control and
study groups

Goblet cell distribution p*
Ort + SD Median
Control (n = 6) 7.83 £ 3.54 7.5 0.001#*
Groupl (n =17) 0.85 £ 1.21 0
Group II (n = 8) 0.50 £ 0.75 0
Control group I 0.001**
Control group II 0.001**

# Kruskal-Wallis test
** p < 0.01

Discussion

Phonatory function changes continuously from birth to old
age due to fluctuations in the levels of sex hormones, dif-
fering significantly between sexes [3], with voice being a
secondary sexual characteristic influenced by sex hormones
[9]. A significant number of sex steroid receptors have been
detected in human larynx tissues [3, 10, 11] suggesting a
probable effect of these hormones on phonatory function
and justifying their specific role in the development of the
larynx [12].

During childhood the ovaries are not producing signifi-
cant amounts of sex hormones as a result of hypothalamic
and pituitary suppression. During these years, preceding
puberty, the female larynx grows gradually and, with it the
voice profile adjusts with no dramatic changes [13].
Comparisons of prepubertal, pubertal and adult female
larynges revealed that the female larynx reaches adult size
by puberty [14]. Vocal tract size also increases significantly
at puberty [15], although the magnitude of the change is
more prominent in boys than in girls. Laryngeal maturation
caused by androgen stimulation after puberty is a funda-
mental basis for the difference between the male and
female voice, although the direct mechanism for these are
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complex. Beckford et al. [16] investigated the effect of
androgen stimulation to the laryngeal structures in a sheep
model and reported that the thyroid cartilage demonstrated
a greater response to male sex hormones than did the cri-
coid or arytenoid cartilage. Also, Claassen et al. [17]
suggested that the involvement of androgen receptor-
positive chondrocytes in thyroid cartilage mineralization,
probably by a testosterone-linked stimulation of alkaline
phosphatase. In addition, according to the Piischel and
Nowakowsky’s [18] study about the larynx in young cas-
trated men, it should be taken into consideration that
ossification of thyroid cartilage lags behind the normal
ossification process in patients with androgen deficiency.

In the literature altered voice quality in women during
menstrual cycle and menopause is assumed to be the result
of hormonal changes [9, 19]. The changes in the female
voice, frequently detected in clinical practice, are associ-
ated with the life cycle governed by sex hormones [19]. In
addition, Claassen [20] reported that human thyroid carti-
lage mineralized sexual different, leading to whole ossifi-
cation in males, but in females only the dorsal half of
thyroid cartilage ossified while the ventral one remains
unmineralized. And this had consequences for the gender-
specific voice and, in addition for age-related changes of
the voice. Also some studies have documented changes in
the vocal quality of menopausal women, such as lack of
intensity, vocal fatigue, low-voice and hoarse voice [6, 7],
and reduction of fundamental frequency [6, 21] and have
suggested probable beneficial effects of estrogen replace-
ment therapy on the larynx for the prevention of changes in
voice associated with menopause [22, 23].

Abitbol et al. [9] examined a group of 100 menopausal
women using dynamic vocal exploration, stroboscopic
examination, and cytologic smears. They reported that, in
all women, vocal folds were less supple, had a thinner
mucosa, and had reduced vibratory amplitude. Of these
women, 17 were diagnosed with dysphonia associated with
menopause. In this subgroup, they also noted unilateral or
bilateral muscular atrophy of the vocal folds, asymmetric
vibratory pattern, and discoloration of the mucosa with
appearance of microvarices.

Some studies noted that professional singers sometimes
complain of loss of brilliance, loss of power, and decreased
ability to reach high notes after menopause [24]. Boulet
and Oddens [25] used mailed questionnaires completed by
48 professional female singers. They reported that singers
in their sixties often complained of vocal changes associ-
ated with menopause. Despite relatively large sample used,
it should be noted that this study used only subjective self-
reports. Thus, the possibility of a biased sample cannot be
overruled.

In addition, Claassen et al. [26], around the time point of
menopause, thyroid cartilages of men contained several
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apoptotic chondrocytes while in women only a few or no
apoptosis-positive chondrocytes were observed. In the age
group 41-60 years, male specimens contained a signifi-
cantly higher percentage of apoptotic chondrocytes than
female ones. However, in the advanced age groups several
apoptotic cells were seen in specimen of both genders. By
comparing the percentage of apoptotic chondrocytes in
thyroid cartilages of the age group 61-79 years no statis-
tical significance was found between male and female
specimens [26].

Recently studies have suggested that some alterations
observed in the vocal folds of menopausal women such as
edema, thickening and hyperemia may be due to the fall in
estrogen levels and are attributed to the interstitial edema
that sets in after menopause [7, 27]. According to some
reports [28], the anatomical changes most commonly
observed in menopausal women are edema and thickening
of the vocal folds. However, definite information of
histopathological changes of laryngeal mucosa due to
estrogen deficiency, have not been studied, yet. Thus, we
aimed to introduce the changes in larynx mucosa. Here, we
observed significant changes 4 weeks after ovariectomy
when we assessed subepithelial edema, inflammation, cilia
and goblet cell loss.

Conclusion

Menopause is a critical event in women’s lives. In the
literature, estrogen deficiency causes symptoms and dis-
orders in women especially in developed countries because
of the increase in women’s life expectancy has been
reported [1, 6-8, 29]. Therefore, we thought that otolar-
yngological manifestations and data of histopathological
changes due to estrogen deficiency will contribute to the
literature. To date, the possible histopathological changes
of larynx mucosa due to estrogen deficiency have not been
studied. This study is the first paper describing the histo-
pathological changes after estrogen deficiency in rats. Next
step should be to evaluate the histopathological changes
after hormone replacement therapy.
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