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ABSTRACT
Adipose tissue is a hormonal active system that produces and releases leptin, adiponectin and resistin. Seen from this aspect, it may be
thought that adiponectin may interact with the thyroid axis. Thyroid function disturbance led to changes on the body weight, muscle
volume and adipose tissue. Experimental findings show that adiponectin and thyroid hormones have biological interactin with each
other. However, various results have been reported a relationship between thyroid hormones and adiponection levels. The aim of the
present study was to determine adipose tissue adiponectin levels in rats with thyroid dysfunction and after treatment. Study was
performed on 40 Sprague-Dawley male rats. Groups were designed as 1-control, 2-hypothyroidism (Hypo), 3- hypothyroidism +
Thyroxine, 4-hyperthyroidism (Hyper), 5-hyperthyroidism + PTU. At the end of 3 weeks experimental period, adipose tissues of rats
were analyed for adiponection by Elisa. Experimental hypothyroidism reduced adipose tissue adiponectin levels, but hyperthyrodism
increased. Treatment of hypothyroidism and hyperthyroidism corrected disrupted adiponectin levels to control. The results of the present
study show that experimental thyroid dysfunction has affected adipose tissue adiponection levels in rats.
Keywords: hypothyroidism, hyperthyroidism, adiponectin, rat.

1. INTRODUCTION
Until recently, adipose tissue was known just like an oil
reservoir. However, it has been postulating as an endocrine and
metabolic organ. Over the last two decade, it has been recognized
that adipose tissue has endocrine, paracrine and autocrine effects
and also fat tissue have important functions such as secretion of
growth factors that affect cytokines and local fat tissue and
different organs /tissues (CNS, liver, pancreas and skeletal
muscles) [1]. Adipose tissue is a hormonal active system that
produces and releases different bioactive substance such as leptin,
adiponectin and resistin [2]. Leptin, adiponectin (ADP), vaspin,
visfatin, IL-6 and resistin have been releasing from white adipose
tissue [3]. Adiponectin has anti-atherogenic, antidiabetic and
antiinflamator effects. Obese humans have lower plasma
adiponectin levels compared to thin peoples [4]. However, a
strong relationship is present ADP levels and insulin resistance
[5,6]. Thyroid hormones have regulation of body metabolism
[7,8]. Thyroid function disturbance led to changes on the body
weight, muscle volume and adipose tissue [9]. If we consider that
thyroid hormones participate in some physiological actions with
ADP (eg increased thermogenesis and reduction of body fat by
lipid oxidation), it may be thought that ADP may interact with the
thyroid axis [10,11]. In the experimental studies on hypothyroid
and hyperthyroid animals, controversial results regarding the
association between ADP levels and thyroid hormones have been
reported. Although serum ADP levels were found to be unchanged
or increased in hyperthyroid rats, serum ADP levels in

hypothyroid rats did not change either [12,13]. ADP mRNA levels
in the adipose tissue are reduced in hypothyroid rats when
compared to controls, and this reduction is parallel to the reduction
in triiodothyronine (T3), T4, fT3 and fT4 concentrations. ADP
expression in adipose tissue in hyperthyroid rats increased in
parallel with the increase in thyroid hormones, whereas in
hypothyroid rats it was reversed [14]. On the other hand,
Kokkinos et al. [12] increased ADP levels observed in
hypothyroid rats did not significantly change ADP levels after
thyroid hormone administration [12]. Cabanelas et al. [15] note
that T3 administration in rats does not have a significant effect on
ADP release in visceral (epididymal) and subcutaneous (adipose)
adipose tissues, although downregulation of T3 and ADP mRNA
expression in the subcutaneous adipose tissue this downregulated
did not determine in visceral adipose tissue (VAT).
In humans, the results of interaction studies between thyroid
hormones and ADP are contradictory. Sieminska et al. [16] have
reported that a positive correlation between adiponectin and free
T3 and free T4 levels. However, Santini et al. [17] have reported
that there was no significant difference between serum adiponectin
levels between euthyroid and hyperthyroid patients.
It has been understanding that there now is any consensus about
thyroid dysfunction and adiponectin levels in human and
experimental studies. The aim of the present study was to
determine adipose tissue adiponectin levels in rats with
experimental thyroid dysfunction and after treatment.

2. MATERIALS AND METHODS
The study included male Sprague-Dawley rats weighing
between 250 and 300 g and supplied by the Baskent University’s
Experimental Animal Breeding and Research Center. All
procedures were planned in consideration of the “Guide for the

Care and Use of Laboratory Animals”. Study protocol was
approved by Ethical Committee for Experimental Research on
Animals of Baskent University’s School of Medicine (DA/14-27).
After the subjects were let to adapt to the laboratory conditions
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(22oC±2oC, 12 hours light and 12 hours dark) for 2 weeks, they
were divided into groups according to the experimental protocol.
Hormone analyses in the study were conducted at the Physiology
Laboratory of Selcuk University’s School of Medicine.
Experiment Groups.
The rats were fed on a standard diet in a light- and heat-controlled
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 sacrificed
without being subjected to any procedure and adipose tissue was
obtained.
Group 2 (n=8): 6-n-propyl-2-thiouracil (PTU): To induce
hypothyroidism, the rats in this group were administered PTU (10
mg/kg/day) for 3 weeks [10].
Group 3 (n=8) PTU + L-thyroxin: After hypothyroidism was
induced by 2-week PTU administration, the animals were
administered 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-thyroxin by
intraperitoneally for 3 weeks.
Group 5 (n=8) L-thyroxin + PTU: After hyperthyroidism was
induced by 2-week thyroxin injection, the animals were
supplemented with 10 mg/kg/day PTU for one week.

At the end of three weeks rats were sacrificed. Adipose tissue
samples were taken and kept at -80oC until the time of analysis.
The samples were used to measure adipose tissue adiponectin
levels utilizing relevant kits.
Adiponectin Analysis.
The fatty tissue of the rats was weighed and added to tubes. Then
all the samples were homogenizated at 4°C by using a Misonix's
Microscan ultrasonic tissue disrupter to produce 10% homogenate
in 150 mM KCl. The obtained homogenates were centrifuged at
3000 rpm for 15 minutes. Supernatants were taken and
adiponectin levels were analyzed according to the kit procedure.
Elisa rat test kits (Phoenix Pharmaceuticals Catalog NO: EK-ADI02) and RAYTO trade mark Elisa instrument (Indian) and washer
(Indian) were used to analyze Adiponectin levels. Tissue values
were calculated as ng/gram tissue.
Statistical Analysis.
SPSS statistics software was used for the statistical analyses. The
results were described as mean ± standard deviation. KruskalWallis variance analysis was used in the comparisons between
groups and Mann Whitney U test was employed for the value of
p<0.05, which was accepted as statistically significant.

3. RESULTS
Adiponectin levels of experimental groups were 0.20±0.01;
0.12±0.01; 0.33±0.19; 0.43±0.08; 0.18±0.02 ng/gr for control,
hypothyroidism, hypothyroidism +thyroxin, hyperthyroidism and
hyperthyroidism plus PTU groups. Hyperthyroidism group (group
4) has higher adipose tissue adiponectin levels compared all other
groups (P<0.001). However, hypothyroidism group which induced
by 3 weeks PTU supplementation has the lowest adiponectin
levels (P<0.001). Group 3 (PTU+ thyroxin treatment) has higher
adiponectin levels compared to groups 1,2 and 5) (P<0.001).

Figure 1. a,b,c, and d show statistic differences among the groups
(a>b>c>d). Adiponectin levels in experimental grups. Hyperthyroidsm
groups has the highest adiponectin levels compared to all other groups (a)
(P<0.001). Hypothyroidism group has lower adiponectin levels compared
the all other groups (d) (P<0.001). T4 supplemnttaion increased
adiponectin levels after hypothyroidism (b) (P<0.001). PTU reduces
tissue adiponectin levels in hyperthyroidism (c) (P<0.001).

In the current study, the levels of adiponectin in the adipose
tissue after thyroid dysfunction and treatment were examined in
rats. When the results of the study were evaluated in general, it

was determined that while adiponectin levels decreased in
hypothyroidism, hyperthyroidism increased. However, adiponectin
levels, which vary with thyroid dysfunction, showed definite
improvement after treatment of thyroid dysfunction. Thyroid
hormones play a role in the regulation of body metabolism. The
effects are stimulation of relaxation metabolic rate, increased
energy expenditure, modulation of response to catecholamines and
thermogenesis in fat tissue [7]. Disorders in thyroid function cause
changes in body weight, muscle mass and fat tissue. Thyroid
stimulating hormone (TSH) receptors were found in the fat area;
suggesting that TSH plays a role in the regulation of
adipocytokines, which play a role in the regulation of energy
balance [17]. However, weight loss or insulin sensitizers cause an
increase in ADP levels associated with the recovery of insulin
resistance [4]. Recent studies on the relationship between
adiponectin and hypothyroidism have produced conflicting results.
Most authors have reported that adiponectin levels remain
unchanged in patients with thyroid hypofunction compared to
euthyroid cases [6,18,19]. However, in the other study it has been
reported that hypothyroidism led to lower adiponectin levels [20].
In the studies which performed on the human different findings
have been reported related to adiponectin and hyperthyroidism.
Some of them mentioned that hyperthyroidism led to higher
adiponectin levels [21,22] but others reported that there were no
differences between hyperthyroidism and euthyroidism in term of
adiponectin [2,3,19]. It has been observed that ADP is interaction
thyroid hormone synthesis especially free T4 and thereafter
persons who have high adiponectin and also higher T4 levels [23].
Thyroid hormones are involved in some physiological process
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such as increased thermogenesis and lipid peroxidation in which
body fat is reduced and thus affect insuline resistance [10,11].
Controversial results have been reported on the association
between ADP levels and thyroid hormones for experimental
studies on hypo / hyperthyroid animals. In this manner, Aragao et
al. [13] have reported that serum adiponectin levels of
hyperthyroid rats 3.2 fold higher than that of euthyroid, whereas in
experimental hypothyroidism did not change serum adiponetcin
levels. Chang et al. [24] have reported increased adiponectin levels
in Graves’ disease. As contrast, Seifi et al. [14] determined that
hyperthyroidism which induced by 12 m/l of levothyroxine for 42
days increased adiponectin levels but hypothyrodism that induced
by 250 mg/l methimazole for 6 weeks led to reducing adiponectin
levels in rats. Similary, Lin et al. [25] reported that a positive
correlation is a present adiponectin and freeT4 levels in thyroid
cancer patients. Seifi et al. [26] and also reported that methimazole
mRNA levels of AdipoR1 and AdipoR2 decreased in the white
tissue in rats. However, in the same study experimental
hyperthyroidism increased mRNA levels of AdipoR1 and
AdipoR2. Iglesias et al. [5] and Yildiz et al. [27] determined that
no differences in adiponectin levels between hyperthyroid and
control groups and also no changes did not determine after
normalization of circulating thyroid hormones. However,
Ahagarpour et al. [28] reported that hypotyhyroidism led to
hyperadiponectinemia in a male mouse. In anoter study in which
65 hyperthyroid and 85 hypothyroid patients were evaluated for
adiponectin, it has been reported that did not observe changes in
adiponectin levels in any of the studied groups. In the sum of
studies, it has been reported that increased adiponectin levels
returned basal levels after the correction of hyperthyroidism
[6,20,29]. In our study, increased tissue adiponectin levels were
reduced to control levels that are similar to previous findings.
However, in a study which performed on the dogs reduced serum
adiponectin levels were reported [30]. They mentioned that this
finding may relate to hyperlipidemia, insulin resistance and

adiponectine resistance. However, in another different study it has
been reported that hypothyroidism led to increased higher
adiponectin levels. But our finding showed reduced adiponectin
levels in adipose tissue in rats. We think that different results
could be experimental and animals species differences. ADP
mRNA expression affected by thyroid [31]. Luvizotto et al. [32]
experimental hyperthyroidism decrease gene expression and
serum levels of adipokines in obesity. In this reduced adiponectin
levels are related to weight loss, decreases all fat deposits and
reduced adiponectin gene expression. Cabanelas et al. [15]
reported that T3 administration in rats did not have a significant
effect on ADP release in visceral (epididymal) and subcutaneous
(adipose) adipose tissues, although ADP mRNA expression with
T3 was down regulated in the subcutaneous adipose tissue, such
effect did not occur in visceral adipose tissue (VAT). The authors
suggest that ADP mRNA response to T3 changes depending on
the type of WAT and its anatomical location. In humans, the
results of interaction studies between thyroid hormones and ADP
are contradictory. There may be differences in the nature of the
patient, the nature and duration of thyroid hormone dysfunction,
the metabolic effects of other hormones, and the possible effects
of intermediate metabolism. Variations in the duration of studies
and the small sample size involved in studies may be other
possible reasons for this discrepancy. In addition, the presence of
autoimmunity in thyroid diseases may play a role in this debate,
because studies have shown a relationship between thyroid
antibodies and ADP. Findings that we have obtained in
experiments show differences and differences with the findings of
the above-mentioned. The variability of the subjects of these
differences was that in our study male rats were used, while other
studies were performed on humans and dogs and mice in different
ways. In addition, it is possible that the duration of the experiment
(3 weeks in the current study) and the application is derived from
the dose and the form. In some of them 6 weeks experimental
period was applied.

4. CONCLUSIONS
The results of the study show that adiponectin levels in fat
tissue altered in rats due to experimental hypothyroidism and
hyperthyroidism, but deteriorated adiponectin levels were restored

after treatment. In future studies, determine the mRNA levels of
adiponectin mentioned tissue or other tissues will be useful to
determine molecular mechanisms in much more clearly.
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