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ABSTRACT

Objective: Menopause is described as the arrest of the menstruation cycle and ending of reproductive potential.
Diabetes mellitus (DM) occurs with Type 1 diabetes that is originated from the absence of insulin and Type 2
diabetes depending on insulin resistance. It is one of the most common endocrine disorders encountered in
clinical practice that can cause serious health complications. Therefore, the objective of the present thesis
was to investigate the effects of menopause and diabetes upon the thyroid using a rat model. Materials
and Methods: 24, 12 weeks old female Sprague-Dawley rats were divided randomly into; non-diabetic
healthy control group (Group |, n = 6), diabetic group (Group I, n = 6), ovariectomy group (Group lll, n =
6), and ovariectomy plus diabetic group (Group IV, n = 6), respectively. Results: In histopathological
examinations, the thyroid gland of the diabetic group had large follicles with cuboidal or almost squamous
epithelial lining surrounding wide lumen. There were areas of disorganized follicles with decreased colloid. In
the ovariectomized (OVX) rats, there was hyperplasia of the thyroid follicles and disorganized follicles with
complete obstruction of their lumina. Mitotic cells were available. Some parafollicular cells had lack of
cytoplasm. Post ovariectomy diabetes-induced group (Group 1V), there were some species between
follicles and remarkable reduction of colloid. Hyperplasia of the thyroid follicles, solid cell nests, and mitotic
cells were also seen increasingly in this group. Follicular lumen area of ovariectomy group is closer to the
control group. The increase of the lumen area in the DM group was the largest, diabetes+ovariectomy
group also had an increase in the follicular lumen area. Conclusion: Finally; postmenopausal aging and
diabetes in rats, may cause thyroid degeneration. DM and menopause both cause oxidative stress. But their
damages on thyroid tissue are different. It means they cause oxidative stress via different ways. DM + QVX
group compared to other groups has the greatest damage.
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changes in thyroxine and triiodothyronine levels. This changes
in premenopausal term generally be short-term fluctuations in

Menopause, represents the end of woman’s reproductive life, is
defined as the changeless stoppage of ovarian follicular
activity and the menstrual cycle. This physiological process is
characterized by alterations related with sex hormones and
stepwise decrease of estrogen secretion. Thus, estradiol ranging
from 5 to 25 pg/mL, while rising titers of gonadotrophins, so the
levels of follicle stimulating hormone change between 40 and
250 mU/mL and luteinizing hormone changes from 30 to 150
mU/MI [1,2]. Estrogen is an important regulatory hormone for
oxidative stress [3]. Estrogen is known to increase producing
thyroxine-binding globulin (TBG) that responsible for carrying the
thyroid hormones in circulation. In premenopausal period, the
changes in E2 levels affect TBG levels, this would also lead to

J Interdiscipl Histopathol 2015; 3(2): 49-53

free thyroxine and free triiodothyronine levels cause may be.
However, these changes do not reach the level of clinical
importance. Among postmenopausal women, the age-related
increasing of thyroid-stimulating hormone is remarkable. This
average is higher than men in the same age profile [2,4,5]. In
addition, the physiological effects of estrogen and progesterone
on thyroid parafollicular cells enhance secretion of calcitonin
[6,7].

Diabetes mellitus (DM) originates from increment of the blood
glucose level as a result of decreasing insulin secretion or effect
of insulin. Free radicals are formed in the wake of oxidative
and nonenzymatic protein glycosylation resulting oxidative
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stress in the organism. Diabetes and thyroid disorders affect
each other mutually. On one side, thyroid hormones regulate
carbohydrate metabolism and affect the function of the pancreas
and the other side diabetes affects function of the thyroid
gland [8-11]. The reduced liver glucose production is seen in
hypothyroidism, and this is the description of reduced insulin
requirements in diabetic patients with hypothyroidism [12].
Recurring hypoglycemic conditions can point the way of the
development of hypothyroidism in patients with Type 1 diabetes.
Hyperthyroidism has been proven to improve glucose intolerance
and hyperglycemia. Uncontrolled blood glucose levels of diabetic
patients with hyperthyroidism and thyrotoxicosis caused diabetic
ketoacidosis have been shown in clinical studies [13,14].

Both menopause and diabetes are effective in the formation of
oxidative stress in tissues. However, menopause and diabetes
are independent of each other about causing oxidative stress
[15,16]. Although there are many clinical studies on the effects of
DM or menopause on the function of the thyroid gland, the
information about the damage of these disorders to the thyroid
tissue are not available in the literature. Therefore, in this study,
the effects of the experimental model of diabetes and menopause
on the thyroid tissue were aimed to investigate by
histopathological and stereological techniques.

MATERIALS AND METHODS

Animals and Experimental Protocol

Animals were kept in facilities attributed by international
guidelines, and the experiment was performed and directed in
unity with the Institutional Animal Care and Use Committee of
Ataturk University. The animals were provided and housed in
Ataturk  University  Experimental =~ Animal  Laboratory
(ATADEM). In this study, 24 Sprague-Dawley female rats, 24
weeks of age, divided into 4 groups:

Group I: Non-diabetic healthy group (control, n = 6) Group II:
Diabetic group (DM; n = 6)

Group III: Ovariectomized group, (OVX, n = 6)

Group IV: Post ovariectomy diabetes-induced group, (DM
+OVX, n=06)

Experimental procedure is summarized in Table 1.
Experimental Models

Ovariectomy procedure

Bilateral ovariectomy was performed by making incision (2-3 cm)
in a longitudinal manner on the lower abdomen midline area,
taking out the ovaries and closing the incision[17-19]. As an

analgesic for 25 mg/kg metamizole sodium was given rats for 2
days after ovariectomy. OVX rats were held alive for 12 weeks.

Alloxan-induced Diabetes Procedure

The rats were induced diabetes by intraperitoneal injection
administration of a single dose of aqueous alloxan monohydrate
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Table 1: Experimental procedure

Groups 1 days 90 days 91 days 123 days
12 weeks of age 24
Sprague-Dawley
female rats
Control (n=6) Normal - Rats were
saline was sacrificed
injected
DM (n=6) Diabetes  Blood glucose Rats were
induction  level measured sacrificed
0VX (n=6) Ovariectomy Normal - Rats were
operation saline was sacrificed
injected
DM+0VX (n=6) Ovariectomy Diabetes Blood glucose Rats were
operation induction level measured sacrificed

DM: Diabetes mellitus, OV X: Ovariectomized

(120 mg/kg for body weight, Sigma-Aldrich Co, Germany) [20].
Alloxan was prepared in solution of 0.9% NaCl and
intraperitoneally injected to rats that were not fed for one
night. 4-6 h after application of alloxan, depending on at high
level insulin secretion from the pancreas, which can cause fatal
hypoglycemia, intra-peritoneally 5 ml glucose solution (20%) was
injected to eliminate this adverse effect and for 24 h a solution of
5% glucose was put into the drinking water and also intake of
food was allowed. After 72 h than alloxan administration, to
control fasting blood glucose levels blood samples obtained from
the rats’ tail vein by a blood glucose monitor (Accu-Chek Active).
A diabetic rat was determined as having at least 200 mg/dl of
serum glucose level, and diabetic rats were held alive for 8 weeks.

Research Methods
Hematoxylin and eosin (H and E) staining

For histological staining, all rats were sacrificed under high dose
of ether anesthesia, and then each thyroid gland was removed and
fixed in 10% neutral formalin solution for 72 h. In short, thyroid
glands were dehydrated with graded concentrations of alcohol,
cleared with xylene series and immersed in liquid paraffin series
for embedding in paraffin. Thereafter, paraffin-embedded tissues
were sectioned on a microtome (Leica RM2125RT) into 5-um
sections. The sections were stained with H and E according to the
general protocol.

Quantitative Analyses
Stereological estimation

Stereo-investigator software version 9 (Microbrightfield, CA,
USA) was used for stereological examination. The apparatus
was collected of a personal computer, a charge-coupled device
digital camera (Optronics MicroFire), a light microscope (Leica
DM4000 B) and motorized computer-controlled specimen stage
(Bio- Precision MAC 5000 controller system). The tissue
sections were put onto a motor-driven stage connected to the
microscope and were reflected, via the camera at 40 objective,
onto the monitor. Each serous acinus was determined randomly by
systematic sample method, moving the microscope stage left to
right, in a stepwise way. Using the
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“cavalieri method” belonging to the software Stereo Investigator
(Microbrightfield) system, the mean serous acinus volume was
examined according to described by Gundersen [21].

Statistical Analysis

The statistical analysis was completed using SPSS (IBM SPSS
20). Differences among the means were statistically analyzed by
one-way ANOVA test followed by least Standard deviation (SD)
test (P < 0.05 was determined as significant). The values were
stated as means + SD.

RESULTS
Histopathological Results

In histopathological examinations, when the morphological
structures of thyroid were observed as intact in the control
group, in experimental groups many abnormalities were
observed distinctively.

In the control group, the thyroid tissue was found to be consisted of
thyroid follicles which appeared normally rounded lined with a
single cuboidal cell layer. The central follicles seemed smaller
in size than peripheral ones. The follicles were lined with
cuboidal cells with rounded nuclei. The connective tissue capsule
was thin and the connective tissue septa were hardly identified
dividing the gland into numerous small ill-defined lobules
[Figure 1a].

The thyroid gland of the diabetic group had large follicles with
cuboidal or almost squamous epithelial lining surrounding
wide lumen. There were areas of disorganized follicles with
decreased colloid. Connective tissue was minimal between the
follicles. There were large species between some follicles. Some
follicular cells demonstrated little cytoplasmic vacuolization.
The peripheral follicles were larger [Figure 1b].

In the OVX rats, there were areas of disorganized follicles.
Furthermore, the thyroid gland of this group was distinguished by
dense areas of follicular cells. It is remarkable that hyperplasia of
the thyroid follicles was available. Solid cell nests were located
outside the basal lamina and in between the thyroid follicles.
Mitotic cells can be seen clearly, and there were a lot of cells
with hyperchromatic nucleus. Some parafollicular cells had
lack of cytoplasm. All follicles were full of colloid [Figure 1c].

Post ovariectomy diabetes-induced group [Group IV], there
were some species between follicles, remarkable reduction of
colloid and disorganized follicles. Hyperplasia of the thyroid
follicles, solid cell nests, and mitotic cells were also seen
increasingly in this group. Some follicles contained peripheral
vacuoles. The connective tissue capsule was thick. The follicles are
variable in size. Parafollicular cell number compared with the
control group was greater. Besides degenerative parafollicular
cells were observed [Figure 1d].

The histopathological results are summarized in Table 2.
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Figure 1: Photomicrographs of hematoxylin and eosin stained
sections: [a] Thyroid gland of the control group. [b] The thyroid
gland of the diabetic group with large follicles with reduced colloid,
minimal connective tissue between the follicles and large spaces
between some follicles. [c] Ovariectomized group’s thyroid gland has
disorganized follicles with complete obstruction of their lumina
showing hyperplasia of the thyroid follicles. [d] Thyroid gland of
postovariectomy diabetes-induced group has disorganized follicles,
some species between follicles and reduction of colloid are available
(H&E, x400)

Table 2: Histopathological changes on thyroid glands of all groups

Groups Amount Follicles  Disorganized Flattening in  Solid
of colloid with follicles the follicular  cell
hyperplasia epithelium nest
Group I ++ +
Group 11 + +++ ++ ++
Group 11T +++ +++ ++ +++
Group IV + +++ +4++ + +++

Stereologic Results

According to our tissue stereological findings, there were
statistically significant differences between all groups. The
thyroid gland follicular lumen area was measured by the method
of Cavalieri in chart analysis performed with IBM SPSS 20
statistics significant differences between all groups was observed.
Increasing in lumen area of other experimental groups compared
with the control group follicles was significant. Follicular lumen
area of ovariectomy group is closer to the control group, the
increase of the lumen area in the DM group was the largest, DM
+OVX group also had increase in the follicular lumen area
[Graphic 1 and Table 3].

The average follicular cell number in the sampling grid area
(~ 50000 pm?) was the greatest in the DM+OVX group
because of hyperplasia. OVX group was closer to the DM
+OVX group [Graphic 2].
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Graphic 1: Thyroid follicular lumen area (f.l.a.) measured by the
method of Cavalieri
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Graphic 2: The average follicular cell number in the sampling grid
area (~50000 pm?)

DISCUSSION

DM, one of the most important endocrine disorders, and
menopause, the cessation of a woman’s reproductive ability, are
important cases. Both menopause and DM cause oxidative stress.
Reactive oxygen species are chemically reactive molecules
containing oxygen. Amounts of reactive oxygen species and
antioxidants are in balance normally. Some studies showed that in
rats postmenopausal aging and experimental diabetes cause
oxidative stress in the brain, liver, and lung tissues [22-27].

In DM, insulin deficiency brings hyperglycemia so non-enzymatic
glycosylation of proteins occurs. This case first begins in blood
proteins, later in interstitial tissues and collagen in the vessel wall and

Table 3: Follicular cell number in about 67530 um? sampling area

other proteins. Non-enzymatic glycosylation of proteins are called
Advanced Glycation End-Products (AGE). AGE-Products
connects receptors which exist in a lot of cells like endothelial
cells, lymphocytes, monocytes, etc. Thus, cytokines are released so
inflammation, fibroblast proliferation, increased endothelial
permeability, an increase in extracellular matrix occur [28]. In our
study, oxidative stress is found to be significantly increased in
diabetic rats compared to healthy subjects. In the DM group, we
observed cellular and follicular changes, such as changes in
connective tissue findings were consistent with findings in the
literature. It can be helpful to view clinical researches to
understand the effects of DM on the thyroid gland. Radaideh and
colleagues in a study recommended that diabetic patients must be
examined for asymptomatic thyroid dysfunction [29]. Alvarez-
Marfany and friends indicate in postpartum women with Type 1
diabetes are at high risk for thyroid dysfunction [30]. Moreover,
the potential life-threatening ketoacidosis because of hypoglycemia
in cases of hypothyroidism and thyrotoxicosis are shown by
Vondra et al. [31].

The dramatic decrease of estrogen is one of the important
events in the development of menopause. Estrogen has an
important role about cell growth, embryonic development, and the
continuity of life [32]. This direct physiological effects of
estrogen at the cellular level is known to perform with the latter
three mechanisms including, genomics indirect genomic and non-
genomic [33]. With this mechanism, various gene expressions
took place and produced some proteins which are responsible for
some both extracellular and intracellular functions.

Studies showed that in post-menopausal rats oxidative stress
occurs [22]. Estrogen, particularly has been reported that by
reducing the oxidized lipids by its antioxidant properties [34]. The
reason of histopathological changes in thyroid tissue of the OVX rat
is lack of estrogen probably. Some studies showed that the lack of
estrogen that caused by ovariectomy decrease the release and
synthesis of calcitonin in parafollicular cells [35-37].

lodine taken by thyroids follicular cells from blood is oxidized by
thyroid peroxidase and connects thyroglobulin molecule [38].
Thyroid follicular cells accumulate their own secretion called
colloids in the lumen. Thyroid hormones are secreted from these
cells by the influence of thyroid stimulating hormone [39]. Lack
of iodine in the diet makes the thyroid gland hypoactive, so
follicular cells turn into squamous epithelium and amount of
collagen reduces. When the thyroid gland gets active, the
epithelial cells get prismatic [40].

This study shows for the first time the impact of DM and
ovariectomy on thyroid tissue in rats. Our results showed that DM
+OVX group compared to other groups has the greatest damage.
In this group, flattening of follicular cubic cells, gaps between
follicles, decreasing number of solid cell nests and decrease the
amount of colloid were observed.

Groups Control DM oVX DM +0VX
Mean+=SD 322.66*1.66 440.66*=16.60 643.33+16.60 707.83+3.21
P value 0.005 0.005 0.005 0.005

DM: Diabetes mellitus, OV X: Ovariectomized
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Diabetes has been found to disrupt the structure of the thyroid.
Following the procedure of ovariectomy, the structure of the
thyroid was disrupted. We show that how DM and ovariectomy
affect thyroid tissue. DM and menopause both cause oxidative
stress. But their damages on thyroid tissue are different. It means
they cause oxidative stress via different ways. When diabetes
occurs at the time of lack of estrogen protection, the structure of
the thyroid dramatically deteriorates compared to the other
groups. In addition to studies of diabetes and menopause
models applied to assess histopathological studies of oxidative
stress parameters has to be studied.
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