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Abstract. It is supposed that there is a connection between diabetes 

mellitus (DM) and autoimmune hypothyroidism (AIH). The aim of this study was 

to compare some biochemical blood parameters in experimental DM and AIH. 

The experiments were carried out on outbred white rats. DM was induced by 

feeding animals with a high-fat diet and a single injection of streptozotocin (35 

mg/kg). AIH was induced by three subcutaneous injections of thyroglobulin 

(100µ/rat) and Freund's adjuvant. For the first injection complete adjuvant, for 

the second and third treatments, incomplete adjuvant was used on the sixth and 

seventh days after the first injection. Results show that level of insulin does not 

change but the level of thyroxine decreases slightly in diabetic rats. In rats with 

AIH the insulin level was sharply increase, but thyroxine level sharply 

decreased. Almost all blood parameters in rats with DM and AIH (some organic 

metabolites, activity of enzymes) were changed unidirectional. Analogical blood 

parameters shift in both diseases shows the metabolic ways of both autoimmune 

diseases intersect. This phenomenon should be taken in attention to understand 

the etiology of DM and AIH. 

Key words. Rats, diabetes mellitus, autoimmune hypothyroidism, 

thyroxine, insulin, serum biochemical parameters.  

Introduction 

Autoimmune diseases are specific diseases that include various 

painful syndromes associated with disorders of the immune system and 

metabolism. In autoimmune diseases a protective reaction of the body to 

a trigger of unknown nature develops. In result the formation of 

autoantibodies and T-cell reactions to the own tissues occurs. Reactivity 

of B- and T-cells to normal components of the body deviates from the 

norm. The most obvious immunological manifestation is the production 

of autoantibodies [13]. 
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Almost 4% of the world's population suffers from more than 140 

different types of AIDs, which include tissue-specific diseases (lupus, 

autoimmune hepatitis, rheumatoid arthritis, psoriasis, Crohn's disease, 

multiple sclerosis, autoimmune thyrotoxicosis, insulin-independent and 

insulin-dependent diabetes, etc. The causes of autoimmune diseases are 

unknown. These diseases are difficult to diagnose [2, 13]. Autoimmune 

thyroid disease and type 2 diabetes are the most widespread chronic 

autoimmune pathologies worldwide. Autoimmune thyroid disease and 

DM and often cluster in individuals and families, seen in the formation of 

autoimmune polyendocrinopathy [15]. 

Autoimmune hypothyroidism is the most common organ-specific 

pathology of the thyroid gland, which leads to the destruction of the 

thyroid glands tissue and the deficiency of the thyroid hormones [10, 11]. 

DM is an autoimmune disease, the main diagnostic sign of which is 

chronic hyperglycemia – elevated blood glucose levels. DM results in 

group of metabolic diseases involving carbohydrate, lipid, and protein 

metabolism [8]. Recently it was found that autoimmunity is an important 

element in the relationship between AIH and DM [10, 11]. 

In addition, connection between these two diseases is expressed in 

the thyroid gland and the pancreas beta-cell disfunction effect on glucose 

homeostasis [3]. The data from the examination of insulin-dependent 

diabetic patients for the presence of AID showed that 26.6% of them 

were diagnosed with AIH [12]. A higher frequency of thyroid destruction 

is discovered in patients with DM compared to the general population [5].  

These facts indicate the need for research aimed at a more in-depth 

biochemical analysis of the pathogenesis of DM and associated changes 

in AIH and vice versa for to identify common shifts in the blood and 

select adequate treatment for DM and AIH. 

The aim of the research is to identify common and specific 

parameter of type 2 DM and AIH in experimental rats. 

 

Materials and methods 

The outbred white male rats weighing 200±20 g were used in 

experiments. The rats were housed under standard vivarium conditions 

with an unlimited access to water and standard food and natural light-

dark regime. All animal procedures were performed according to the 

Guideline of the Ethical Committee on the use and care of laboratory 

animals at the Faculty of Biology of the National University of 

Uzbekistan. 
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Experimental type 2 diabetes was induced by feeding a high-fat 

diet for 28 days and a single injection of streptozotocin (35 mg/kg in 0.1 

M citrate, pH 4.5) [16]. In further observations, only animals with high 

glucose levels were used. 

For inducing AIH rats were injected with three subcutaneously 

injections of bovine thyroglobulin (100µg per rats) and Freund’s 

adjuvant, For the first injection complete adjuvant was used for the 

second and third injections on the sixth and seventh days after the first 

one, respectively) incomplete Friend adjuvant were used. The control rats 

were subcutaneously injected with an equal volume of 0.9% saline at the 

same time. For determination of AIH the level of anti-TPO was analyzed 

on 21st days after first immunization in the blood serum samples. For that 

after cutting gum with a sharp blade the releasing blood was collected 

into heparin-treated microtubes. Then the blood cells were sedimented in 

a centrifuge (DLAB D2012, China) at a speed of 3000 rpm for 10 

minutes. The serum was carefully aspirated with an automatic pipette. 

Serum anti-TPO titer were determined using ELISA assay kits (Dublin, 

Ireland) for rat anti-TPO on the enzyme immunoassay analyzer RT-

2100C Microplate Reader Rayto (China). Only rats with the anti-TPO 

titer more than 0,5 were used in the experimental groups 

Rats were divided into control group and two control group with 

experimental DM and AIH respectively, with 6 animals each. Blood was 

collected in heparinized centrifuge tubes after decapitation on the 60th 

day after the first immunization of rats. Blood was sedimented in a 

DLAB D2012 centrifuge (China) at a speed of 3000 rpm for 10 minutes. 

The serum was carefully aspirated and used for biochemical analyses. 

The level of thyroxine and insulin in the serum was determined 

using a special reagent set ELISA Kits (Dublin, Ireland) on the 

immunoassay analyzer RT-2100C Microplate Reader Rayto (China). For 

analysis of some serum organic metabolites, enzyme activity and 

inorganic cations a biochemical analyzer RT 1904C (China) and a set of 

reagents Human Diagnostic firm (Germany) were applied. 

Calculation of the mean and standard error was carried out by 

pairwise comparison using Student's t-test. The arithmetic mean (M), the 

standard error of the mean (m), and the significant coefficient (P) were 

defined. If the P value was less than 0.05, the difference between the 

control and experimental rat groups was considered statistically 

significant. 
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Results and discussing 

As shown in table 1 the insulin level was not changed, but 

thyroxine level was decreased by 9,8% in the blood serum in rats with 

DM compared to control.  However, in rats with AIH the level of insulin 

was increased by 82,3%, The level of thyroxine was almost 2 times lower 

compared to the control group. 

 
Тable 1. Thyroxine and insulin level in the serum of rats with type 2 DM 

and AIH (n=6) 

P
a

ra
m

e

n
ts

 

АIH 

Animal groups 

Control DM AIH 

(M±SE) % (M±SE) % Р* (M±SE) % Р 

Insulin 0.50 

±0.03 
100 0.47±0.03 94,0 >0,5 

0.91 

±0.04 
182,3 <0,001 

Thyroxine 1.34 

±0.08 
100 1.21±0.08 90.2 <0,05 

0.68 

±0.05 
50,7 <0,001 

Note: P – statistically significant difference between control and 

experimental groups 
 

As shown in Table 2 the level of organic metabolites in the rat 

blood serum with DM and AIH was also changed. The level of glucose, 

albumin, cholesterol and uric acid was sharply increased in both diseases. 

But increasing of total protein level was statistically significant only in 

rats with AIH. 

 
Table 2. Serum metabolites level in the serum of rats with type 2 DM and 

AIH (n=6) 

Paraments 

Animal groups 

Control DM AIH 

(M±SE) % (M±SE) % Р* (M±SE) % Р 

Glucose 

(mmol/l) 
4,5±0.2 100 12,2±1,1 271,1 <0.001 

6,8.0±0.1 

<0.001 
151,1 >0,2 

Total 

protein (g/l) 

101,4±2.8 

- 

100 
103,2±6,9 101,7 >0,5 

124.1±3.2 

 
119,3 <0.001 

Albumin 

(g/l)P 

40.2±0.3 

- 

100 
44,3±0,0 110,2 <0,01 

55.1±0.8 

 
137,2 <0.001 

Cholesterol 

(mmol/l) 

2.0±0.3 

- 

100 
4,2±0,5 210,0 <0.001 

2.8±0.2 

 
140,0 <0.01 

Uric acid 

(µmol/l 

151.1±23. 100 300,4±11,

2 
198,8 <0.001 

577.2±51.4 

 
381,9 <0.001 

Note: P – statistically significant difference between control and 

experimental groups. 

 

As table 3 shows the activity of alanine aminotransferase and 

aspartate aminotransferase and α-amylase, in the rat with DM and AIH 
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was notedly increased in both autoimmune decreases.  compared with 

control values. 

 
Table 3. Enzyme’s activity in the serum of rats with varying severity of AIH 

(M±m; n=6) 

Enzyme 

Animal groups 

Control DM AIH 

(M±SE) % (M±SE) % Р* (M±SE) % Р 

ALT 61.2±4.1 100,0 101,2±8.2 165,9 <0,001 222.0±14.4 363,9 <0,001 

ACT 50.4±4.2- 100,0 68,2±0,5 135,3 <0,001 84.7±3.1 168,0 <0,001 

α- 

Amylase 
321.7±22.1- 100,0 677,9±81.2 210,7 

<0,001 
5623.1±324.1 174,8 

<0,001 

Note: P – statistically significant difference between control and 

experimental groups; ALT – alanine aminotransferase; AST – aspartate 

aminotransferase.  

 

The main goal of this study was to identify common changes in 

blood parameters in experimental DM and AIH. Obtained data show that 

practically of all blood parameters: hormones (thyroxine, insulin), 

organic metabolites (glucose, total protein, albumin, cholesterol, uric 

acid) and enzyme activity (alanine aminotransferase, aspartate 

aminotransferase, α-amylase) change analogically in both diseases.   

Its fact, in some studies the association of AIH with a wide range 

of organ-specific and non-organ-specific autoimmune diseases has been 

proven [7]. The current experiment findings also confirm that AIH causes 

a wide range of metabolic changes associated with type 2 DM and vice 

versa. 

Thus, the results show that in rats with diabetes, the insulin level 

does not change, but the thyroxine level slightly decreases. In rats with 

AIH, the insulin level changes inversely proportional to the thyroxine 

level, which is manifested in a parallel increase in hypothyroidism and 

hyperinsulinemia. The manifestation of insulin at the same level as in 

control animals and in diabetic rats with marked hyperglycemia indicates 

the development of type 2 diabetes [16]. We suggest that the increase in 

the insulin level in rats with AIH against the background of relatively low 

glucose levels also indicates type 2 diabetes. Some researchers suggest 

that insulin resistance triggers the production of antibodies to the thyroid 

gland and the development of AIH, and if so, this may even lead to the 

progression of hypothyroidism [1]. Therefore, the progression of insulin 

resistance may also cause an increase in hypothyroidism. This 

assumption is consistent with the opinion of the authors who believe that 
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AIH contributes to the development of insulin resistance and related 

disorders [11]. 

However, it is known that functional insufficiency of the thyroid 

gland leads to hypoglycemia [3]. Increased glucose levels in rats with 

AIH suggest the development of insulin-independent diabetes mellitus. 

The opposite effects of hypothyroidism and diabetes on glucose 

concentration, in this case, may be responsible for the relatively small 

increase in glucose concentration in rats with AIH. 

Almost all changes in blood parameters that were recorded in rats 

with experimental AIH were noted by other researchers in diabetes 

mellitus. Protein metabolism disorders in our studies were manifested in 

an increase in the concentration of protein, albumin and uric acid 

associated with the severity of AIH, observed by other researchers both in 

AIH and in diabetes mellitus [9]. 

Diabetes and thyroid insufficiency are both caused by hormonal 

changes. Although more and more studies have shown a link between 

diabetes and thyroid diseases, there is no definitive data on what causes 

them to occur together. The association between these conditions is 

largely explained by a common genetic background. HLA antigens DQ2 

(DQA1∗0501-DQB1∗0201) and DQ8 (DQA1∗0301-DQB1∗0302) are 

common predisposing factors for both diseases [4]. 

Сlinical observations also confirm the relationship between 

autoimmune diseases of the thyroid and pancreas. Autoimmune thyroid 

diseases occur in 17–30% of patients with diabetes mellitus [6]. The 

results of examination of patients with non-insulin-dependent diabetes 

mellitus for autoimmune thyroid diseases showed that the prevalence of 

AIH among them was 26.6%. Of these, 42.0% were euthyroid, and 58.0% 

had hypothyroidism [12]. We suggest that metabolic disturbances in one 

of these diseases can serve as a trigger for the other through changes in 

immune homeostasis. Understanding the mechanism of this interaction 

will be crucial for the development of new mechanism-based therapies 

for AIH and diabetes  

 

Conclusion 

DM and AIH cause similar shifts in the parameters of organic 

metabolites and enzyme activities in the blood serum, which indicates the 

mutual causality of these diseases. This fact will contribute to 

understanding the development of autoimmune diseases of the pancreas 

and thyroid gland and the creation of new approaches to their therapy. 
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