Anatomy Section

DOI: 10.7860/JCDR/2018/34496.11698

Original Article

Histomorphological Study of the
Endometrium in Response to Insulin
Resistance Induced by High Energy
Diets in Swiss Albino Mice

Gnanagurudasan Ekambaram1, Senthil Kumar Sampath Kumar2

ABSTRACT
Introduction: The morphology of endometrium is continuously
influenced by hormones in each menstrual cycle. In addition to
this, metabolic syndrome such as obesity and insulin resistance
affects the morphology of endometrium through elevated
estrogen and insulin levels.
Aim: To study the histomorphological effects in the endometrium
due to insulin resistance through high energy diets in swiss
albino mice.
Materials and Methods: Thirty six swiss albino mice were
randomly divided into control, high fat diet and high fructose
diet groups with 12 animals in each group. The animals were fed
respective diets and the study was carried out for 12 weeks. After
the study period the blood was collected from the animals in the
retro orbital sinus under general anaesthesia and animals were

sacrificed by the administration of ether. Serum was separated
in centrifuge and stored at -20ºC for the analysis of glucose and
insulin levels. Uterus was removed and kept in neutral buffered
formalin for tissue processing. Homeostasis Model Assessment
of Insulin Resistance (HOMA–IR) was calculated to assess the
insulin resistance.
Results: The glucose, insulin and HOMA–IR levels were higher
in high fat and high fructose diet groups. There was complex
atypical hyperplasia with glandular crowding in the endometrium
of high fat diet and high fructose diet animals.
Conclusion: The present study concludes the positive role
of metabolic syndromes such as insulin resistance in the
development of preneoplastic lesions in the endometrium.
If the condition persists for a long time it can progress into
endometrial carcinoma.
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Introduction
Endometrium of the uterus is a hormone dependent structure
which undergoes cyclic changes throughout the reproductive
period in women. Endometrium is a connective tissue layer with
mucosa consisting of simple columnar epithelium, endometrial
glands and stroma. In addition to this, endometrium possesses
high affinity insulin receptors and thus factors which promote
increase in the levels of insulin such as insulin resistance affect the
endometrium and cause tissue damage. Insulin also increases the
levels of insulin like peptides especially Insulin like Growth Factor-1
(IGF-1) which has actions similar to insulin in the endometrium
of uterus [1,2]. Various epidemiological studies prove positive
association of hyperinsulinemia and incidence of endometrial
cancer. The increased incidence is seen in both pre and postmenopausal women who have type II diabetes mellitus which is
due to insulin resistance [3-7]. The endometrial cancer is the most
common gynaecological cancer in the developed countries which
accounts for about two thirds of the global burden. The highest
incidence is reported in North America with 20 per 100,000 women
and in Europe it is between 11 and 14 per 100,000 women. The
incidence is low in south Asian countries with less than 4 per
100,000 women [8]. In India the incidence is 4.3 per 100,000
women [9]. This could be construed in the light of westernization
of lifestyle which promotes the intake of high energy diets rich
in sugar and fats, sedentary lifestyle and prevalence of metabolic
syndromes such as obesity.
There is a growing evidence to substantiate the fact that intake of high
energy diets and sugar sweetened beverages which contain large
amount of fructose as its main ingredient causes insulin resistance.
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Fructose is more lipogenic and causes obesity and insulin resistance
than other forms of sugar. Because fructose bypasses a major rate
controlling step in glycolysis and is converted into fatty acids in the
liver at a faster rate [10]. The sugars in beverages are absorbed
quickly and metabolized than the sugars in whole foods, because
the fibre content in the whole foods slow down the metabolism of
sugars [11]. The intake of sugar sweetened beverages is associated
with higher incidence of type I endometrial cancer. This is due to
the obesogenic tendency of sugar sweetened beverages and its
potential to cause insulin resistance. Such hormonal imbalances
due to dietary factors lead to higher incidence of early menarche
and late menopause. All these contribute to the risk of developing
endometrial cancer. Such dietary practice is prevalent in developed
countries and explains why the incidence of endometrial cancer is
high in these countries.
The trend in India is changing with rapid urbanization and change
in the modes of diet among the urban class of people. Currently
300 million people live in cities in India and the mass migration
to cities will be at an unprecedented rise in the next 20 years.
The estimate predicts 300 million people to migrate to the cities
for employment and livelihood according to the reports of XII
Planning commission of India. Such migration would adversely
affect the quality of urban lifestyle and the dietary practices in
India. The intake of high fat diet and high intake of sugars in
urban India are more likely to have higher BMI and incidence of
diabetes mellitus, hypertension and other non- communicable
diseases in India [12]. Thus, in the present study an attempt has
been made to study the histomorphology of endometrium by
simulating insulin resistance model through high energy diets in
swiss albino mice.
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Materials and Methods
A cross sectional study was done on female swiss albino mice
weighing 15-25 gram in the age group of 21-30 days in Centre
for Toxicology and Developmental Research and in Department
of Anatomy, Sri Ramachandra University, Porur, Chennai. All the
animals were properly housed in polypropylene cages (47×34×18cm)
lined with sterile paddy husk renewed every 24 hours, with relative
humidity (55%) in a 12 hour light/dark cycle at 25°±2°C. The
animals were fed control diet, experimental diet with free access to
water add libitum. The experiment was carried out in compliance
with the guidelines of the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA), New Delhi, India
with the approval of Institutional Animal Ethics Committee (IAEC/
XLVII/SRU/476/2016).

Experimental Groups

Fig-4]. Experimental group animals exhibited morphological changes
such as papillae formation and glandular hyperplasia with crowding
in high fat diet group [Table/Fig-5] and complex hyperplasia with
cytological atypia and glandular proliferation in the high fructose diet
group [Table/Fig-6].
Groups
Control

Glucose (mg/dL)

Insulin (mU/L)

HOMA-IR

116±12.11

1.49±0.09

0.42±0.05

High fat diet

223.17±15.54

3.84±0.43

2.13±0.38

High fructose diet

247.83±11.01

4.28±0.12

2.61±0.17

Chi-square value
p-value

22.276

22.354

22.444

<0.001**

<0.001**

<0.001**

[Table/Fig-2]: Fasting glucose, Insulin and HOMA–IR values (Kruskal-wallis test).
Glucose (mg/dL)

Mean ±SD

In the present study 36 female swiss albino mice were randomly
divided into control group, high fat diet group and high fructose diet
group with 12 animals in each group. All the animals were treated
for the period of 12 weeks. In the control group normal pellet diet
was fed with water ad libitum to the animals. In the high fat and high
fructose diet group diets were formulated according to the American
Institute of Nutrition (AIN – 93G) and modified for the present study
to meet the recommended nutrient levels for mice [Table/Fig-1] [13].
The animals were fed experimental diets soon after the weaning
period to ensure uniform consumption. The diets were prepared
and fed to the animals freshly every day.

Normal control

116.00±12.11

High fat diet

223.17±15.54

Normal control

116.00±12.11

High fructose diet

247.83±11.01

Sample Collection

Normal control

0.42±0.05

High fat diet group

2.13±0.38

Normal control

0.42±0.05

High fructose diet group

2.61±0.17

After the study period blood was collected from the retro orbital
sinus under general anaesthesia and the animals were sacrificed
by the administration of ether. The blood was centrifuged to get
serum which was stored at -20°C for further analysis. The uterus
was removed from the animals and washed thoroughly with tap
water and fixed in neutral buffered formalin for histological tissue
processing and observation. Basal insulin resistance parameters
such as fasting glucose, insulin and Homeostasis Model Assessment
of Insulin resistance (HOMA-IR) were analysed.
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Insulin (mU/L)

Mean±SD

Normal control

1.49±0.09

High fat diet group

3.84±0.43

Normal control

1.49±0.09

High fructose diet

4.28±0.12

HOMA-IR

Mean±SD

p-value
0.037*

0.001**
p-value
0.066

0.001**
p-value
0.039*

0.001**

[Table/Fig-3]: Comparison of Fasting glucose, insulin and HOMA – IR between
control and other groups (Post-Hoc test).
*p<0.05, **p<0.01

STATISTICAL ANALYSIS
Statistical analysis was performed by using Statistical Package for
the Social Sciences (version 23.0), SPSS Inc, Chicago, Illinois, USA.
Analysis was done through Kruskal wallis test, Post-Hoc test. Data
are Mean±SD and the values are considered statistically significant
when p-value is <0.05.

Results
The fasting glucose, insulin and HOMA–IR values were statistically
highly significant between the groups in the present study [Table/
Fig-2]. Comparative Post-Hoc analysis between control and other
groups were shown in [Table/Fig-3].
Ingredients
Ingredients

High fat diet

High fructose diet

Mayonnaise
60

Fructose
60

Casein (Fat free)

20

20

Methionine

0.7

0.7

Groundnut oil

5

5

Wheatbran

10.6

10.6

Salt mixture

3.5

3.5

Vitamin mixture

0.2

0.2

[Table/Fig-4]: Control group with normal appearance of endometrium (MT, 40X).

[Table/Fig-1]: Composition of diets (g/100g).

The tissues were processed and stained with Mason’s Trichrome
(MT) for microscopic observation. Histological examination showed
normal morphology of endometrium in the control group [Table/
8

[Table/Fig-5]: High fat diet group showing glandular hyperplasia and papillae
formation in the endometrium. (MT, 40X)
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diagnostic value in insulin resistance [24]. In the present study high
fat and high fructose group animals exhibited HOMA–IR of >2 which
shows successful simulation of insulin resistance in the experimental
group.
Atypical hyperplasia of endometrium can progress into
adenocarcinoma and if atypical hyperplasia a precursor lesion is
associated with adenocarcinoma it is oestrogen induced [25]. In
the present study similar atypical hyperplasia of endometrium was
observed in the animals in experimental diet groups due to insulin
resistance and obesity which can progress into carcinoma of the
endometrium.

Limitation
[Table/Fig-6]: High fructose diet group showing complex hyperplasia with
cytological atypia, glandular proliferation and crowding with focal stratification of
epithelium. (MT 40X).

Discussion
Insulin resistance is a state in which there is a consistent increase of
insulin in the circulation. This explains why diabetes is an independent
risk factor for endometrial cancer with the risk of 2.0 [14]. In the
present study there is a positive role of insulin resistance in the
development of tissue damage in the endometrium through high
energy diets. Insulin acts at two levels. In the endometrium increase
in insulin reduces the level of Insulin like growth factor binding
protein 1(IGFBP1) which consequently increases the action of IGF 1
and causes endometrial proliferation. In the ovary hyperinsulinemia
due to insulin resistance causes ovarian hyperandrogenism which
causes anovulation in which absence of progesterone increases the
activity of oestrogen on the endometrium. This is especially seen
in premenopausal women whereas in postmenopausal women
excess adipose tissue deposit provides substrate for the peripheral
conversion of oestrogens [15]. In addition to this, consumption of high
energy diets leads to obesity which increases the levels of oestrogen
and affects the endometrium. Diet contributes for 30% of cancers
in western countries and second only to tobacco as a preventable
cause of cancer. This has been known since 1970s in which people
who consume diets rich in animal fat, sugar developed cancers of
colorectum, breast, and prostate, endometrium in many western
countries than the people in developing countries who consume
diets rich in starch and have low intake of animal fat and sugar
[16]. Among the dietary sugars fructose is found to be implicated
in the development of insulin resistance than other forms of sugar
[10,17]. In the earlier days fructose was considered to be an ideal
sweetener due to its low glycaemic index and fructose does not
stimulate insulin secretion and it is not under the regulatory control
of insulin [18]. High intake of fructose leads to deposition of large
amount of visceral adipose tissue than glucose which promotes
deposition of subcutaneous adipose tissue [19]. Experimental
administration of high doses of fructose directly into the brain
through intracerebroventricular route leads to high consumption
of food which could predispose to insulin resistance and obesity
that can cause pathological changes in the endometrium [20].
The reason for the tissue damage in endometrium due to insulin
resistance is that endometrial cancer cell lines have high affinity for
insulin receptors [21]. Insulin with its mitogenic and antiapoptotic
potential adversely affects the endometrium. The consequent
increase of IGF-1 in insulin resistance is another major factor in the
progression of neoplastic changes in the endometrium because
IGF-1 is more mitogenic than insulin [22].
Among the surrogate markers to assess insulin resistance, in the
present study the most popular HOMA-IR was used. HOMA-IR is a
reliable method and can be used as a surrogate marker for insulin
resistance in experimental research in rodents. It is a mathematical
method derived from the product of glucose and insulin and divided
by a constant [23]. HOMA-IR value above or equal to 2 has high
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Animal experimental research is beneficial in the understanding
of positive correlation of insulin resistance and its effect on the
endometrium because it simulates the development of human
model of diet induced metabolic syndrome. Since the present study
is conducted in a limited sample size, larger number of animals with a
relatively longer duration of experimentation is therefore necessary.

Conclusion
The present study proves the direct correlation of metabolic syndrome
such as insulin resistance and its effect on the endometrium of
uterus. The present study implicates the role of high energy diets in
the development of morphological lesions in the endometrium.
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