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Background. It is known that a decreased level of thyroid hormones (TH) in the body 
causes hypothyroidism and is accompanied by metabolic, functional and structural 
changes in different organs and tissues, including an eye and tear glands, in particular. 
However, these changes in the conjunctiva, cornea, and tear fluid have not been studied. It 
has been shown in experiment that the decreased TH level can lead to the development of 
dry eye syndrome. The thyroid hormones induce the changes in the tear fluid and have an 
effect on the epithelium of ocular surface tissues although the mechanisms of this effect are 
understudied. The changes in the ocular surface tissues in the presence of hypothyroidism 
are also unclear.   
Purpose. To study experimentally the state of lipid peroxidation processes in the cornea, 
conjunctiva, and tear fluid on a model of hypothyroidism in rats.  
Material and Methods. Male white Wistar rats were used in the experiment. Forty-two 
animals were randomly divided into 3 groups: group 1, fourteen rats serving as control; 
group 2, fourteen rats with early hypothyroidism; group 3, fourteen rats with pronounced 
hypothyroidism. Hypothyroidism was induced by antithyroid tiamazole which the rats in 
the study groups received with drinking water (500 mg/l) for four and ten weeks to simulate 
early and pronounced hypothyroidism, respectively. We evaluated spectrophotometrically 
the content of malondialdehyde and diene conjugates in the tissues studied [5]. 
Results. In experimental hypothyroidism, the lipid peroxidation (LPO) processes 
are activated in the ocular tissues, which is evidenced by the increased content of 
malondialdehyde and diene conjugates in the conjunctiva  by 85.6% and 55.6%, 
respectively, and in the cornea by 51.3% and 25.4%, respectively, especially in pronounced 
hypothyroidism. The highest rates of malondialdehyde were noted in pronounced 
hypothyroidism. The sharpest increase of malondialdehyde was in the tear fluid: by 70.2% 
and 101.3% in early and pronounced hypothyroidism, respectively. 
Conclusions. The increased content of malondialdehyde in the cornea, conjunctiva, and, 
especially, tear fluid, gives evidence of the activated LPO processes and depends on the 
stage of experimental hypothyroidism. The data obtained make it possible to consider 
a level of malondialdehyde in the tear as a biochemical indicator of damage to ocular 
surface tissues in hypothyroidism. 
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Introduction
Hypothyroidism is a clinical syndrome which is caused 

by a persistent deficit of thyroid hormones in the body. 
Hypothyroidism is the most common pathology among 
thyroid disorders and can be diagnosed rather late due to 
nonspecific clinical signs at early stages. Hypothyroidism 
incidence in the general population is 3.7-4.6% and 
depends on gender, age, and iodine consumption rates. 
Hypothyroidism more often affects older women with a 
rate of 12.0-21%. Manifest hypothyroidism is noted in 
0.2-2%. Subclinical hypothyroidism is defined in 7-17% 
and 2-3% of females and males, respectively. Primary 
hypothyroidism is observed in 95% of patients and among 
the most common causes are Hashimoto's thyroiditis, 
thyroid surgeries, and radioactive iodine treatment [7, 12, 
16].

The incidence of hypothyroidism actualizes this 
problem not only for endocrinologists but for other 
specialists, including ophthalmologists. 

Thyroid hormones (TH) play an important role in the 
regulation of various metabolic processes in the body. 
Thyroid hormone deficiency leads to disorders in protein, 
carbohydrate, lipid, water-salt, and energy metabolism in 
the body. One of the main TH functions is the regulation 
of cellular respiration. In the presence of TH deficiency, 
oxygen consumption in tissues, as well as energy 
utilization, is decreased, which leads to the development 
of oxidative stress [14]. It is known that hypothyroidism 
is caused by a decreased level of thyroid hormones in the 
body which is accompanied by metabolic, functional and 
structural changes in different organs and tissues, including 
an eye and tear glands, in particular. Experimental studies 
have demonstrated that a decreased TH level causes dry 
eye syndrome (DES). THs induce changes in the tear gland 
and have a direct effect on the epithelium of the ocular 
surface tissues. However, the mechanisms of this effect are 
not understood. The changes in the ocular surface tissues 
in the presence of hypothyroidism are also unclear [1, 3, 
9, 11, 17].

Analysis of literature sources and our observations 
give the evidence that different ophthalmic alterations 
are common clinical manifestations of hypothyroidism 
and indicative of its severity. Ophthalmic examinations 
are crucial for diagnosing hypothyroidism as well as for 
assessing its severity and treatment efficacy in patients 
with hypothyroidism [16, 19].

It should be noted that studying the processes of 
peroxidation in the anterior eye tissues in the conditions of 
hypothyroidism development can contribute to the search 
for new effective correction for metabolic and functional 
disorders in hypothyroidism. 

Purpose of the present paper was to study experimentally 
the state of lipid peroxidation processes in the cornea, 
conjunctiva, and tear fluid on a model of hypothyroidism 
in rats.  

Material and Methods
Male white Wistar rats, weighed 193-210 g, were used 

in the experiment.
The work followed International Guiding Principles 

for Biomedical Research Involving Animals which were 
provided by the Council for International Organization of 
Medical Sciences (2012). 

42 animals were randomly divided into 3 groups: 
group 1, fourteen rats serving as control; group 2, fourteen 
rats with early hypothyroidism; group 3, fourteen rats with 
pronounced hypothyroidism.

Hypothyroidism was induced by antithyroid tiamazole 
which the rats in the study groups received with drinking 
water (500 mg/l). To simulate early hypothyroidism, 
the animals received tiamazole for four weeks [6, 13]. 
Pronounced hypothyroidism was modeled by the ten-week 
intake of tiamazole [8]. On hypothyroidism onset, the 
animals of both groups were humanely killed with excess 
anesthesia using ethylic ether. 

Corneal and conjunctival tissues were collected for 
studying while tear fluid was collected using the modified 
Schirmer test before the animals were taken out of the 
experiment [8]. We evaluated spectrophotometrically the 
content of malondialdehyde and diene conjugates in the 
tissues studied [5]. 

The findings on the content of malondialdehyde and 
diene conjugates in the tissues of the cornea, conjunctiva, 
and tear fluid were statistically processed using the SPSS 
11.0 package [2]. 

Results
Data on the content hypothyroidism of lipid 

peroxidation products in the ocular surface tissues in 
experimental hypothyroidism are demonstrated in Table 1. 

The content of malondialdehyde in the cornea of the 
animals with early hypothyroidism was increased up to 
(362.70±24.87) nmol/g, which was 135.2% as compared to 
control, (268.20±18.35) nmol/g, (р<0.05). In pronounced 
hypothyroidism, the content of malondialdehyde increased 
up to (405.78±28.70) nmol/g, equalling 151.3% comparing 
to control (р<0.01).

The content of diene conjugates in the cornea of the 
animals with early hypothyroidism was increased up to 
(83.40±5.12) nmol/g, which was 115.3% as compared 
to control, (83.40±5.12) nmol/g. In pronounced 
hypothyroidism, the content of diene conjugates increased 
up to (83.40±5.12) nmol/g, equalling 125.4% comparing 
to control (р<0.05).

As shown in Table 1, the content malondialdehyde in 
the conjunctiva of the animals with early hypothyroidism 
was increased up to (656.83±48.60) nmol/g, which was 
170.5% as compared to control, (385.24±24.30) nmol/g, 
(р<0.001). In pronounced hypothyroidism, the content 
of malondialdehyde increased up to (715.02±54.36) 
nmol/g, equalling 185.6% hypothyroidism was increased 
up to (118.30±7.85) nmol/g, which compared to control 
(р<0.001).
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The content of diene conjugates in the conjunctiva of 
the animals with early hypothyroidism was 140.3% as 
compared to control, (84.32±5.68) nmol/g. In pronounced 
hypothyroidism, the content of diene conjugates increased 
up to (131.20±9.65) nmol/g, equalling 155.6% comparing 
to control (р<0.01).

In the tear fluid of the experimental animals, the content 
malondialdehyde was increased up to (77.68±5.90) nmol/g 
in early hypothyroidism, which was 170.2% as compared 
to control, (45.64±2.94) nmol/g, (р<0.001). In pronounced 
hypothyroidism, the content of malondialdehyde increased 
up to (91.87±7.40) nmol/g, equalling 201.3% comparing 
to control (р<0.001).

The content of diene conjugates in the tear fluid of 
the animals with early hypothyroidism was increased 
up to (19.17±1.20) nmol/g, which was 110.2% as 
compared to control, (17.40±1.03) nmol/g. In pronounced 
hypothyroidism, the content of diene conjugates increased 
up to (22.83±1.54) nmol/g, equalling 131.2% comparing 
to control (р<0.05).

Discussion
Summarizing the data on end and intermediate 

products of lipid peroxidation, malondialdehyde and 
diene conjugates, respectively, it can be concluded that 
hypothyroidism activates significantly the processes 
of peroxidation in ocular tissues. This leads to an 
accumulation of lipid hydroperoxides in the tear fluid, 
conjunctiva, and cornea. A rate of how the level of 
lipid peroxidation products, and mainly of end-product 
malondialdehyde, is increased depends on a stage of 
hypothyroidism. The highest malondialdehyde rates are 
characteristic for pronounced hypothyroidism. Specific 
mention should be made of a sharp rise in the concentration 
of malondialdehyde in the tear fluid in all stages of 
experimental hypothyroidism. In prospect, this fact can be 
used as an element of diagnosis for ocular surface damage 
in the underactive thyroid gland.

It is interesting to compare our findings with literature 
data on a state of lipid peroxidation processes and 
antioxidant system in tear gland tissues [8]. 

The mentioned paper on studying lipid peroxidation 
processes, a glutathione level, and peroxidases activity 
in the tear fluid in experimental hypothyroidism has 
demonstrated that underactive thyroid gland leads to an 
increased level of glutathione and a high concentration 
of malondialdehyde in the studied tissues. In addition, 
peroxidase activity was three-fold decreased. All these 
facts are an important element in misbalance between 
the reduction system of glutathione and processes of 
oxidative injury of lipids since glutathione is known 
to decrease the intensity of lipid peroxidation and the 
accumulation of lipid peroxidation products through a 
glutathione peroxidase reaction, in which it reduces lipid 
hydroperoxides. Herewith, glutathione transforms into an 
oxidized form [4, 8, 18]. 

Thus, our findings in conjunction with literature 
data give the evidence that in hypothyroidism there is 
dysregulation in the processes of lipid peroxidation and the 
antioxidant system that results in oxidative stress which 
is known to have a negative effect on the function and 
protective and adaptive mechanisms of ocular tissues [8, 
10, 11, 15, 20] and can be one of pathogenetic elements in 
the development of dry eye syndrome in hypothyroidism. 

In conclusion, firstly, it was found that the rats with 
experimental hypothyroidism had the activated lipid 
peroxidation processes in the ocular tissues, which is 
evidenced by the increased content of malondialdehyde 
and diene conjugates in the conjunctiva  by 85.6% and 
55.6%, respectively, and in the cornea by 51.3% and 25.4%, 
respectively, especially in pronounced hypothyroidism. 
Secondly, it was found that in experimental hypothyroidism 
the highest rates of malondialdehyde and diene conjugates 
were noted in the tear fluid: by 70.2% and 101.3% in 
early and pronounced hypothyroidism, respectively. This 
parameter can be considered as a diagnostic criterion 
characterizing a state of oxidative stress in ocular surface 
tissues in hypothyroidism even in the early stage of 
hypothyroidism development. 
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Table 1. Content of lipid peroxidation products in ocular surface tissues in experimental hypothyroidism  (n=14)

Biochemical 
parameters Statistic indices

Experimental conditions

Control Early 
hypothyroidism

Pronounced 
hypothyroidism

Cornea, nmol/g 

Malondialdehyde 

M
m
p
%

268.20
18.35

-
100.0

362.70
24.87
<0.05
135.2

405.78
28.70
<0.01
151.3

Diene conjugates 

M
m
p
%

72.34
4.26

-
100.0

83.40
5.12

>0.05
115.3

90.71
6.03

<0.05
125.4

Conjunctiva, nmol/g

Malondialdehyde 

M
m
p
%

385.24
24.30

-
100.0

656.83
48.60

<0.001
170.5

715.02
54.36

<0.001
185.6

Diene conjugates 

M
m
p
%

84.32
5.68

-
100.0

118.30
7.85

<0.01
140.3

131.20
9.65

<0.01
155.6

Tear fluid, nmol/g

Malondialdehyde 

M
m
p
%

45.64
2.94

-
100.0

77.68
5.90

<0.001
170.2

91.87
7.40

<0.001
201.3

Diene conjugates 

M
m
p
%

17.40
1.03

-
100.0

19.17
1.20

>0.05
110.2

22,83
1.54

<0.05
131.2

Notes: р – a level of significance of difference compared to control 


