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ABSTRACT… Objectives: To determine correlation between insulin to glucagon ratio and 
thyroid hormones levels in the two groups. Study Design: Randomized Control Trial. Settings: 
Physiology Department of Army Medical College, Rawalpindi and National Institute of Health 
(NIH), Islamabad. Period: 6 months (from 1st January 2017 to 30th June 2017). Material & 
Methods: A sample of sixty apparently healthy Sprague Dawley rats was selected randomly. 
It was divided into two groups i.e control and diabetic. It was ensured that all the rats were 
euglycemic and euthyroid at the start of the study by investigating serum thyroid stimulating 
hormone (TSH) and serum glucose levels. The control group was given with normal pellet diet 
whereas, STZ induced rats were fed on high fat diet while. The control group were injected with 
saline injection intraperitoneally after 2 weeks, while low dose of streptozotocin was injected 
to diabetic rats. The induction of diabetes mellitus was affirmed by checking plasma glucose 
levels and homeostatic model for insulin resistance (HOMA-IR). The specific diet was continued 
for another five weeks in both the groups. The terminal sample was investigated for plasma 
glucose using glucose oxidase method and serum insulin, TSH, T3 and T4 levels using ELISA 
technique. Results: The serum insulin and glucose levels were elevated in diabetic group as 
compared to the control group. HOMA-IR was also raised significantly in the diabetic group. The 
serum TSH and T4 levels were considerably higher (p˂0.001) while serum T3 was comparable 
in both the groups. There was no correlation between Insulin to Glucagon Ratio and TSH, T3 
and T4 both in control and diabetic groups. Conclusion: Serum glucose, serum insulin and 
HOMA-IR were raised in the diabetic group. Serum TSH and T4 levels were also increased while 
no change in serum T3 levels. IGR and thyroid hormones were not correlated in either group.
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INTRODUCTION
Insulin and glucagon are two hormones which 
have opposite effects but they work towards in 
maintaining a normal energy balance. Pancreas 
regulate the production of glucose, synthesis 
of proteins and triacylglycerol deposition by 
regulating the relative concentrations of insulin 
and glucagon produced by the alpha and beta 
cells.1 Glucagon has a catabolic effect, whereas 
the physiological effect of insulin is anabolic in 
nature. Insulin to glucagon ratio (IGR) is a suitable 
parameter to assess the collective effects of the two 
hormones. IGR less than normal exerts an overall 
catabolic effect on carbohydrates by increasing 
its glycogenolysis and gluconeogenesis, and 

fatty tissue is broken down into glycerol and free 
fatty acids. IGR on a higher side exerts anabolic 
effect by promoting the synthesis of proteins, 
stopping the synthesis of glucose, and decreases 
the release of free fatty acid.2

In type 2 diabetes mellitus, the disturbance in the 
endocrine activity of the pancreas is not limited 
to insulin, since an associated increase in fasting 
plasma glucagon and impaired suppression after 
the ingestion of an oral glucose load are often 
observed. It leads to altered IGR in patients with 
type 2 diabetes.3   

The association between thyroid abnormalities 
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and diabetes mellitus has been assessed in 
a number of studies. The literature reveals 
that multiple endocrinal dysfunctions lead to 
stimulation of a series of reactions which are 
actually antihomeostatic in nature. It is critical 
to investigate thyroid function in T2DM patients, 
and this practice should be incorporated in 
clinical settings to promote further understanding 
of relation between thyroid abnormalities and 
T2DM.4 Keeping in view the above literature, the 
present study is aimed to find out correlation 
between IGR and thyroid profile in non-diabetics 
and type 2 diabetics. 

OBJECTIVES
To compare thyroid hormones and insulin to 
glucagon ratio in type 2 diabetes.

To determine correlation between insulin to 
glucagon ratio and thyroid hormones levels in the 
two groups.

MATERIAL AND METHODS
A total of 60 rats weighing 250 ± 50 grams were 
selected for the study. Sprague dawley rats were 
selected for the study. First of all diabetic rats 
were excluded by measuring glucose levels by 
using glucometer (On Call Plus). Serum TSH 
levels were measured by using ELISA (Cusabio) 
kit to exclude rats with thyroid disease.

Two groups (control and diabetic), were formed 
with thirty rats in each group. Rats in the control 
group were provided with normal pellet diet and 
rats of diabetic group were fed on diet high in fat 
content. Water was given to both the groups ad 
libitum. After a period of two weeks, an injection of 
streptozotocin (STZ), 35mg/kg was administered 
intraperitoneally to diabetic group and at the same 
time normal saline injections were given to the 
control group. Homeostatic model assessment 
for insulin resistance (HOMA-IR) was worked out 
after 1 week of STZ administration, to check the 
induction of type 2 diabetes. This was done by 
taking blood sample from rat tail vein. In this way, 
a rat model closely resembling human T2DM 
was generated. Subsequently, the same diet was 
continued for another 5 weeks.5 

Intracardiac sampling was done at the completion 
of five weeks (8 weeks in total) by placing the rats 
one at a time, in a glass jar having ether soaked 
cotton. Blood sample was drawn after the rats 
were completely unconscious.6 The samples 
were centrifuged for 15 min at a frequency of 
4000 rpm. The plasma and serum was stored in 
the polypropylene tubes. 

Glucose oxidase method (Spinreact, Spain) was 
used to estimate plasma glucose levels and 
serum insulin and serum glucagon was done 
by ELISA technique (DRG international, Inc. 
USA). Triiodothyronine, thyroxine and thyroid 
stimulating hormone levels were analyzed 
by using ELISA kit (CUSABIO BIOTECH CO., 
LTD). Data was analysed using SPSS version 
17. Independent sample’s t-test was applied to 
assess the statistical significance of differences 
between the control and diabetic groups. p-value 
≤ 0.05 was considered significant. Pearson 
correlation coefficient was calculated to find 
correlation between IGR and thyroid hormones.

RESULTS
All the rats selected for the study were ensured 
to be normoglycemic and euthyroid by checking 
their glucose and TSH levels at the beginning of 
the study. Table-I Presents plasma glucose and 
serum insulin levels in fasting state. From these 
values HOMA-IR was calculated at the end of 3rd 
week of study. Cut off value for plasma glucose is 
200mg/dl or more and cut off value for HOMA-IR 
is more than 2. Results in Table-I confirmed the 
development of T2DM.

In Table-II Comparative analysis of plasma glucose 
levels, serum insulin levels, HOMA-IR, IGR and 
thyroid hormones in the terminal samples of the 
control and diabetic groups has been presented. 
It shows major difference in plasma glucose 
levels between the two groups (p<0.001). Levels 
of the hormone insulin were considerably higher 
in the diabetic group (p<0.001). In the diabetic 
group insulin resistance was significantly greater 
(p<0.001) in comparison to the control group. 
Serum triiodothyronine (T3) did not change in 
the diabetic group, however levels of thyroxine 
(T4) and thyroid stimulating hormone (TSH) were 
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found to be considerably higher (p<0.001). Insulin 
to glucagon ratio (IGR) of the diabetic group was 
found to be significantly raised (p<0.001). 

Pearson’s correlation was worked out between 
insulin to glucagon ratio (IGR) and thyroid profile 
in both the control group and diabetic group. 
Results shown in Table-III. Suggest that there is 
no correlation between IGR and thyroid profile 
(T3, T4, TSH) in the control group (p-value 0.52, 
0.98, 0.084 respectively). Similarly, no correlation 
was found out between IGR and thyroid profile 
(T3, T4, TSH) of the diabetic group (p-value 0.71, 
0.61, 0.66 respectively).

DISCUSSION
The interaction of the hormones of pancreas and 
hormones of thyroid gland in regulating glucose 

homeostasis in type 2 diabetes was assessed in 
the current study. An animal model having similar 
metabolic features as that of type 2 diabetic 
human was developed.13 The development of 
T2DM was confirmed by the elevated glycemic 
levels (268.46 ± 5.09 mg/dl) and much higher 
insulin resistance (HOMA-IR) (8.878 ± 0.212) in 
the diabetic group.

The examination of blood samples taken at 
the end of 8th week revealed hyperglycemia 
(297.73±27.05 mg/dl), hyperinsulinemia 
(22.29±0.49 µU/l) and raised HOMA-IR (16.37 ± 
0.41) in the diabetic group. In the study conducted 
on Sprague Dawley rats by Srinivasan et al, 
diabetes was developed by giving high fat diet 
and administration of low dose streptozotocin. 

Variables Control (n=30) Diabetic (n=30) P-Value
Plasma glucose (mg/dl) 93.13 ± 1.55 268.46 ± 5.09 <0.001
Serum insulin (µU/l) 1.404 ± 0.04 15.860 ± 0.338 <0.001
HOMA-IR 0.321±0.009 8.878 ± 0.212 <0.001

Table-I. Comparison of fasting plasma glucose, serum insulin and HOMA-IR between diabetic and control groups at 
the end of 3rd week of study.

All values have been expressed as Mean ± SEM

Variables Control (n=30) Diabetic (n=30) P-Value
Plasma glucose (mg/dl) 95.46 ± 10.00 297.73 ± 27.05 <0.001
Serum insulin (µU/ml) 1.42 ± 0.03 22.29 ± 0.49 <0.001
I/G ratio 2.3±0.05 23.9±0.74 <0.001
Serum T3 (ng/ml) 4.57 ± 0.30 4.60 ± 0.12 0.920
Serum T4 (ng/ml) 59.9 ± 2.00 171.73 ± 2.66 <0.001
Serum TSH (µU/ml) 0.354± 0.027 0.924±0.007 <0.001

Table-II. Comparison of plasma glucose, serum insulin, HOMA-IR and thyroid profile of control and diabetic groups 
at the end of the study (08 wks).

All values have been expressed as Mean ± SEM

Groups Thyroid Profile Pearson’s Coefficient P-value

IGR in Control group
T3 0.123 0.52
T4 0.004 0.98

TSH 0.321 0.084

IGR in Diabetic group
T3 0.05 0.71
T4 0.09 0.61

TSH 0.08 0.66

Table-III. Correlation of IGR with thyroid profile.
There was no significant correlation observed between the IGR and thyroid hormones in both control and test groups.
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In this study hyperglycemia was found, which 
was parallel to the outcome in our study.7 

Study of thyroid profile of the control and diabetic 
rats revealed changes in T4 and TSH levels 
whereas, no change was observed in levels 
of serum T3 in the diabetic rats.  The result of 
STZ induced diabetes on thyroid profile of male 
Sprague Dawley rats was studied by Rodger C.D. 
et al.8 Serum T4 levels in their study decreased 
in diabetic rats when high dose of STZ was 
administered and also had low levels of insulin. It 
is established that insulin has a stimulatory effect 
on growth and multiplication of thyrocytes. Since 
the level of insulin was low in their study, there 
was no stimulatory effect on the thyroid cells to 
produce more thyroxine.9

A study conducted in humans analyzed the 
insulin to glucagon ratio in pathophysiology of 
various stages of diabetes. It revealed that insulin 
to glucagon ratio was elevated (12.5) in subjects 
with uncontrolled type 2 diabetes as compared to 
the control group (10).10 Similarly in present study 
I/G ratio in diabetic rats was significantly high 
(23.9±0.74) due to the significant rise in insulin 
levels. Serum glucagon levels were also elevated 
but not as much as insulin. It has been reported 
that in patients with type 2 diabetes, there occurs 
loss of inverse relationship between pulsatile 
insulin and glucagon secretion, which has led to 
such high IGR.11

Correlation between insulin to glucagon ratio 
(IGR) and thyroid profile of both control and 
diabetic groups was carried out. Results revealed 
that there is no correlation between IGR and 
parameters of thyroid profile in normoglycemic 
rats. Similarly no correlation was found between 
IGR and thyroid profile of type 2 diabetic rats. 
Although various studies have shown that thyroid 
dysfunction is more common in patients with 
diabetes than in general population, still no 
correlation was found between IGR (which is 
altered in type 2 diabetes) and thyroid profile.9 

One of the reasons can be the fact that a number 
of elements effect the secretion of insulin and 
glucagon. Secondly, the concentrations of insulin 

and glucagon are extremely variable due to 
the presence of porto-systemic gradient.12 The 
above mentioned facts do not suggest IGR to 
be a reliable tool in assessing the relationship of 
diabetes with thyroid. We have not found studies 
in literature review which have considered IGR as 
a tool to assess relationship between diabetes 
and thyroid dysfunction. It is strongly suggested 
that underlying cause for the prevalence of thyroid 
abnormalities in diabetics should be explored 
further, to have better glycemic control in patients 
having type 2 diabetes. 

CONCLUSION
Serum glucose, serum insulin and HOMA-IR were 
raised in the diabetic group. Serum TSH and T4 
levels were also increased while no change in 
serum T3 levels. IGR and thyroid hormones were 
not correlated in either group.
Copyright© 08 Nov, 2019.
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