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EXPERIMENTAL STUDY

Both experimental hypothyroidism and hyperthyroidism 
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ABSTRACT
Irisin is a newly discovered myokine and adipokine that increases total body energy expenditure. The aim of 
this study was to determine the effect of experimental hypothyroidism and hyperthyroidism on the levels of irisin 
in heart tissue in rats. The study was performed on the 40 male Sprague–Dawley rats. Experimental groups 
were designed as; Control, Hypothyroidism, Hypothyroidism+L-Thyroxine, Hyperthyroidism and Hyperthyroidism 
+ PTU. Following 3 weeks experimental period, irisin levels were determined in heart tissues. Hypothyroidism 
group values of irisin were higher than in the control group, but lower than in the hyperthyroidism group. The 
hyperthyroidism group had the highest levels of cardiac irisin. The results of the study showed that the experi-
mental hypothyroidism and hyperthyroidism increased the heart irisin levels, but the increase in the hyperthy-
roidism group was much higher than in the hypothyroidism group. However, treatment of hypothyroidism and 
hyperthyroidism corrected cardiac irisin levels (Fig. 1, Ref. 28). Text in PDF www.elis.sk.
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Introduction

Irisin is myokine and it has been fi rst time expressed in the skel-
etal muscle. As a result of researches, it is possible to synthesize in 
many tissues (skeletal muscle, fat tissue, cardiac tissue, intracranial 
arteries, kidneys, myelin sheath, neural cells, optic nerve, Over-
lap, Purkinje cells, rectum, salivary glands, juvenile sweat glands, 
stomach, testes) and it is indicated that the main source is skeletal 
muscle and fat tissue (1, 2). Irisin is an exercise protein, which is 
released to circulation. Irisin is a peptide hormone that divides the 
plasma membrane protein fi bronectin type III domain containing 5 
(FNDC5). This hormone access the white and brown fat tissue by 
circulation. Irisin lead to energy expenditure this way (3). FNDC5 
is a precursor of irisin and overexpression of this precursor increas-
es the use of oxygen and heat production. Irisin is an active lipolysis 
and energy expenditure agent. (4). It has been also suggested that 
serum irisin and cardiovascular diseases might have a relationship 
(5, 6, 7, 8, 9). It has been reported that heart muscle had a high 
FNDC expression and production of irisin than skeletal muscle 
(10). Heart tissue irisin levels are reduced after the myocardial 
infarction and might be used as diagnostic agent. (11). It has been 
also suggested that serum irisin levels might be used as biomarkers 

for heart failure (3). Xie et al (12) determined that recombinant iri-
sin has physiological effects on cardiomyoblast and myocardium.

Thyroid dysfunction is a risk factor for progression of cardio-
vascular diseases (13, 14, 15). However, there are no long-term 
studies showing that patients with heart failure mediated by thyroid 
dysfunction have altered the incidence or prognosis (16). Thyroid 
hormones play an important role in the regulation of basal meta-
bolic rate and in thermogenesis, which are likely to be affected by 
irisin. Or, conversely, irisin may be affecting a thyroid function. 
Thyroid hormones signal through mechanisms that affect energy 
consumption by central and peripheral pathways (17).

The aim of the study was to determine heart tissue irisin lev-
els in experimental hypothyroidism and hyperthyroidism in rats. 

Material and methods

Experimental animals and experiment protocol
An application was made to the Ethical Committee for Ex-

perimental Research on Animals of Baskent University’s School 
of Medicine for the evaluation of the conformity of the study with 
ethical principles, and the approval of the committee was received 
by the document number DA/14 27. Based on the biostatistical 
pre-evaluation, it was decided to include 40 rats in the study with 
8 rats in each study group.

The study included male Sprague-Dawley rats weighing be-
tween 250 and 300 gr and supplied by the Baskent University’s 
Experimental Animal Breeding and Research Centre. All proce-
dures were planned in consideration of the “Guide for the Care 
and Use of Laboratory Animals”. After the subjects were let to 
adapt to the laboratory conditions (22 ± 2 °C, 12 hours light and 
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12 hours dark) for 2 weeks, they were divided into groups accord-
ing to the experiment protocol. Hormone analyses in the study 
were conducted at the Physiology Laboratory of Selcuk Univer-
sity School of Medicine.

Experiment groups
The rats were fed on a standard diet in a light- and heat-con-

trolled environment, and all four groups except the control group 
were supplemented with thyroid hormones for 3 weeks.

Group 1 (n = 8): Control: The rats in this group were sacri-
fi ced without being subjected to any procedure and the plasma 
obtained from their blood samples was stored at –80 °C until the 
time of analysis.

Group 2 (n = 8): 6-n-propyl-2-thiouracil (PTU): To induce 
hypothyroidism, the rats in this group were administered 6-n-
propyl-2-thiouracil (10 mg/kg/day) by the intraperitoneal route 
daily for 3 weeks (10). 

Group 3 (n = 8) PTU + L-thyroxin: After hypothyroidism was 
induced by 2-week PTU administration, the animals were admin-
istered high-dose L-thyroxin (1.5 mg/kg/day) for 1 week.

Group 4 (n = 8) L-thyroxin: To induce hyperthyroidism, the 
rats were injected with 0.3 mg/kg/day of L-thyroxine through the 
intraperitoneal route for 3 weeks.

Group 5 (n = 8) L-thyroxin + PTU: After hyperthyroidism was 
induced by 2-week thyroxin injection, the animals were supple-
mented with 10 mg/kg/day PTU for one week.

At the end of three weeks, the rats were anesthetized (Ket-
amine 100 mg/kg, chlorpromazine 10 mg/kg; ip), and after blood 
samples were collected from their aorta, they were sacrifi ced. The 
samples were centrifuged at 4000 rpm for 10 minutes to obtain 
plasma samples, which were then kept at –80 °C until the time 
of analysis. The samples were used to measure heart tissue irisin 
levels utilizing relevant kits. 

Irisin analysis
To determine irisin concentrations, Phoenix Pharmaceuti-

cals’ irisin (human, rat, mouse, rodent) ELISA kits (Catalogue 

No: EK-067-29) were used. Concentrations of the hormone were 
shown as ng/ml.

Heart tissue ventricles were homogenised in phosphate buffer 
(Ph 7.4) by Misonix’s Microscan ultrasonic homogenizer. After 
centrifugation at 3000 rpm for 15 minutes, the upper supernatant 
was evaluated to the irisin analysis. Levels were given as ng/gr 
tissue. 

 Statistical analysis
SPSS statistics software was used for the statistical analysis. 

The results were described as mean ± standard deviation. Krus-
kal–Wallis variance analysis was used in the comparison between 
groups and Mann–Whitney U test was employed for the value of 
p < 0.05, which was accepted as statistically signifi cant.

Results

Irisin levels of the experimental groups were 32.50 ± 6.55; 
40.53 ± 4.69; 33.31 ± 6.33; 47.52 ± 11.70; 34.13 ± 08.07 ng/gr 
respectively for groups 1, 2, 3, 4 and 5. Heart tissue irisin levels 
were different in the experimental groups. The highest irisin was 
determined in the hyperthyroidism groups (p < 0.01). Hypothy-
roidism group had a high irisin level compared to other groups 
(p < 0.01), but lower than in the hyperthyroidism group. However, 
treatment of thyroid dysfunction (groups 3 and 5) corrected dete-
riorated irisin levels and these levels were similar to the control 
group (Fig. 1).

Discussion

The main fi ndings of our research suggested that both hypo-
thyroidism and hyperthyroidism increased heart tissue irisin levels 
in rats. It has been seen that no research that investigated relation 
of heart irisin levels and thyroid hormones was done. Previously, 
few researches were present that determined heart irisin levels in 
different condition, such as doxorubicin treatment or exercise (4, 
10). Aydın et al (4) investigated the presence of irisin in cardiac 
muscle, skeletal muscle, liver, kidney, peripheral nerve sheath, skin 
tissue and serum of rats age 12 and 24 months after the exercise. 
Young and old rats, who did not exercise, were observed to have 
no irisin in the skeleton; however, it had been released after an 
exercise. Serum irisin levels were reported to be higher in young 
rats that were exercising than in exercise-elderly. The presence of 
the main source of the irisin was also reported in other examined 
tissues, not only in the skeleton. Kuloglu et al (11) investigated 
the level of irisin in myocardial infarction (MI). The synthesis 
of the irisin hormone was observed to decrease after one to four 
hours from MI. It was thought that this decrease could be used 
as a diagnostic marker. They reported that the salivary and serum 
irisin hormone levels of acute MI patients fell within 48 hours and 
therefore they suggested that salivary and serum irisin levels could 
be used as biomarkers (9). Ates et al (18) investigated the effects 
of irisin hormone on thyroid tissue, fat tissue and metabolism of 
obese and thyroid patients as well. This study was conducted with 
37 healthy and 37 Hashimoto disease-diagnosed adults, who were Fig. 1. Heart Irisin levels (ng/g tissue).



Bratisl Med J 2018; 119 (1)

32 – 35

34

not yet treated. Compared to the control group, it was reported that 
the hypothyroid group had higher levels of irisin hormone, and 
the irisin level was negatively correlated with an increasing age 
in both the patient and healthy group. In all subjects, irisin levels 
were found to be positive with thyroid stimulating hormone (TSH) 
and negative with free T4.

In our study, heart irisin levels were found increased by about 
25 % in hypothyroidism group compared to the control. In their 
study involving 37 recently diagnosed Hashimoto’s thyroiditis pa-
tients and 37 healthy volunteers, Ates et al (18) reported that irisin 
levels were elevated in hypothyroidism. This increase might have 
resulted from the structural impairment of the thyroid gland. In 
fact, Huh et al (19) demonstrated that FNDC5, an irisin precursor, 
was present in the thyroid gland and was destroyed in the case of 
infl ammation of the thyroid gland, and that blood levels of irisin 
might increase after this destruction. In our study, the change in 
the thyroid gland was not examined from a structural perspec-
tive. However, in a previous study using the same experimental 
model, it was shown that PTU caused a structural impairment in 
the thyroid tissue (20). Samy et al (21) found elevated irisin levels 
in hypothyroidism, as we did in our study, and claimed that this 
increase was associated with oxidative stress and muscle injury. 
Thus, this may be another way of explaining the elevated irisin 
levels in experimental hypothyroidism. In the present study, the 
oxidative status was not evaluated in heart tissue. However, in-
creased oxidative stress was reported in thyroid function impair-
ment in previous studies of a similar nature (22, 23). Although 
these studies suggest that there may be a relation between the 
thyroid gland and irisin, there are others, which report that there 
is no relation between the two hormones (24, 25). In our research, 
irisin levels displayed signifi cant increases especially in the case 
of hypothyroidism. It was reported in previous studies that the 
thyroid hormone T3 elevated blood irisin levels by increasing the 
expression of the fi rst precursor of irisin, PGC-1α (26). 

Thyroid hormones play key roles in the regulation of the basal 
metabolic rate and thermogenesis, which are possibly affected by 
irisin. Thus, thyroid hormones may be directly or indirectly related 
to irisin or vice versa, with irisin affecting the thyroid function. In 
a previous study, plasma irisin levels were reported to be associ-
ated with thyroid hormones not in the basal condition, but due to 
muscle injury (27).

In the experimental studies, no relation was observed between 
irisin and thyroid hormones. However, the subjects in both studies 
had normal thyroid functions (24, 25). Conversely, in their study 
involving recently diagnosed hyperthyroidism and hypothyroid-
ism patients, Ruchala et al (28) demonstrated that hypothyroid 
patients had lower irisin levels than the patients with hyperthyroid-
ism. Additionally, it was found that irisin levels were correlated 
positively with free thyroxin levels and negatively with CK levels 
(28). Samy et al (21) showed that irisin levels varied depending on 
the trio metabolic status in thyroid models. Elevated heart irisin 
levels we found in hyperthyroidism in our study were similar to 
the results reported above.

It was established that the irisin hormone increased in heart 
tissue of experimental hypothyroidism and hyperthyroidism, and 

that this increase was more marked in hyperthyroidism. How-
ever, treatment of hypothyroidism and hyperthyroidism restored 
changed heart tissue irisin levels in rats.
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