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Background: Ghrelin is a novel peptide hormone that has GH releasing activity and also other endocrine and metabolic functions. It can 
also increase food intake and decrease T3 and T4 concentrations. Several parameters of hypothalamic-pituitary-thyroid (HPT) axis function 
are modulated by 17β-estradiol (E2).
Objectives: The purpose of this study was to investigate the effect of interactions between ghrelin and estradiol (injected via ICV route) on 
plasma T3 and T4 concentrations in female rats.
Materials and Methods: Eighteen Wistar female rats (bodyweight, 200-250 g) were randomly divided into three groups. Group 1 received 
estradiol, Group 2 received ghrelin and Group 3 received ghrelin and estradiol. Plasma samples were used to assess T3 and T4 concentration 
by RIA.
Results: The results indicated that ghrelin significantly decreased thyroid hormone concentrations, whereas estradiol increased these 
concentrations. The simultaneous injection of ghrelin and estradiol significantly decreased the inhibitory effect of ghrelin on thyroid 
hormone concentrations (P < 0.05).
Conclusions: According to the results of this study, both ghrelin and estradiol affect the concentration of  thyroid hormone but  in 
opposite directions. This difference might be due to different underlying hormonal mechanisms such as HPA and/or HPT axis melanocyte 
stimulating hormone (MSH) systems could be suggested.
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1. Background
Ghrelin, as a novel peptide hormone, has the growth-

hormone-releasing activity and also other endocrine 
and metabolic functions (1). Ghrelin is a multifunctional 
hormone secreted primarily from the stomach (2). It is 
primarily found as an endogenous ligand for the growth-
hormone secretagogue receptor; it is also an appetite stim-
ulating hormone in the regulation of energy homeostasis 
(3). It consists of 28 amino acids and the n-octanoylation 
of serine-3 position in the molecule is necessary for its bio-
activity (4). During fasting, ghrelin is secreted by X/A-like 
cells of stomach, neurons of hypothalamus and other tis-
sues (2, 4). Ghrelin can increase the growth-hormone se-
cretions and food intake (5, 6). The full-length preproghre-
lin is homologous to the promotilin protein classified in 
the motilin family, and is cleaved into the following two 
chains: 1) ghrelin and 2) obestatin (7). Ghrelin receptors 
are expressed in a wide variety of tissues, including the 
pituitary, stomach, intestine, pancreas, thymus, gonads, 
thyroid, and heart. The diversity of ghrelin receptor lo-
cations suggests ghrelin has the diverse biological func-
tions (8). It decreases energy expenditure and suppresses 
TSH secretion. Previous studies have shown that ghrelin 
decreases the activity of hypothalamus-pituitary-thyroid 
axis (6, 9-13). It is also proved that ghrelin can increase the 
appetite via agouti-related protein and neuropeptide Y 

(NPY) pathway and can also decrease the T3 and T4 secre-
tion (6, 13). In addition, studies have shown that ghrelin 
can increase the growth-hormone release (14), gastric-
emptying rate, appetite and body weight (4, 15) and also 
stimulate the secretion of adrenocorticotropic hormone 
and inhibition of thyroid hormone concentrations. The 
hypothalamus-pituitary-thyroid axis plays an important 
role in the regulation of metabolism and energy homeo-
stasis through thyroid hormones. It has been shown that 
different neural, hormonal and environmental factors in-
teract to modulate thyroid hormones secretions. Estradi-
ol (E2 or 17β-estradiol, also oestradiol) is a sex hormone. Es-
tradiol is abbreviated E2 as it has two hydroxyl groups in 
its molecular structure (16). In the female, estradiol acts as 
a growth hormone for tissue of the reproductive organs, 
supporting the lining of the vagina, the cervical glands, 
the endometrium, and the lining of the fallopian tubes. It 
enhances growth of the myometrium. Estradiol appears 
necessary to maintain oocytes in the ovary. The central 
event in female reproduction is the surge release of lu-
teinizing hormone from anterior pituitary gonadotroph 
(17). These cells are controlled by a network of gonadotro-
ping hormone neurons that project to the median emi-
nence where they make a neurohemal contact with portal 
capillaries serving the anterior pituitary (18-20) The high-
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est level of the receptors was found in the periventricular 
nucleus of the preoptic area, while low but detectable lev-
els of the receptors were found in such limbic regions as 
the nucleus of the diagonal band, the olfactory tubercle 
and the cingulate cortex (18). Regions that were devoid of 
detectable receptor included the medial septum, the pari-
etal cortex, and the ventral thalamus. Menopause marks 
the end of the reproductive life span of women and is 
characterized by a dramatic drop of circulating estrogen 
hormone replacement therapy has been successfully used 
to treat the symptoms of menopause because estrogen 
has a strong suppressive effect on rat (19). Estrogen and 
androgen administration modulate the pituitary-thyroid 
axis through alterations in thyroid hormone-binding 
globulin metabolism, but the effect of sex steroids on ex-
trathyroidal thyroxine (T4) to triiodothyronine (T3) con-
version in rats are unknown. It has been suggested that 
the female rat steroids stimulate thyroid growth (20). Sev-
enteen beta-estradiol, the major estrogen in the body, acts 
via estrogen receptors present in the nucleus of the cell 
(21, 22). Hypothalamus-pituitary-thyroid axis plays an im-
portant role in the regulation of metabolism and energy 
homeostasis through thyroid hormones (22, 23). There is 
no evidence to support the effect of estradiol on the thy-
roid axis. This study was designed to examine the effect of 
ghrelin and estradiol on mean plasma T3 and T4 concen-
trations. In the present study, the effect of an interaction 
between ghrelin and estradiol on thyroid axis activity was 
investigated for the first time.

2. Objectives
The purpose of this study was to examine the effect of 

the interaction between ghrelin and estradiol (injected 
via ICV route) on mean plasma T3 and T4 concentrations 
in female rats.

3. Materials and Methods

3.1. Experimental Design
Eighteen adult female wistar rats weighing 200-250 g 

were randomly divided into three groups (provided by 
the center of neuroscience research of Shahid Beheshti 
University) were housed individually in cages under 
the controlled temperature (22 ± 2) and light (12 h light/
dark cycle). They had free access to food and water all the 
time. Eighteen wistar female rats (200-250 g/BW) were 
randomly divided into three groups. Groups 1 received 
ghrelin, group 2 received estradiol and group 3 received 
ghrelin and estradiol (via third ventricle). Animal surgery 
procedures and handling were carried out as previously 
described. Animals were anesthetized by IP injection of 
a mixture of ketamine and xylazine (100 mg/kg BW ket-
amine + 15 mg/kg BW xylazine; Alfasan Co., Holland).

3.2. Third Ventricle Cannulation
For ICV injections, animals were placed into a stereo-

taxic frame and a 22-gauge stainless steel cannula was 
implanted into the third ventricle. The cannula was se-
cured to the skull with three stainless steel screws and 
dental cement. The animals were kept in the individual 
cages and habituated by handling every day to minimize 
the stress of surgery. After a one-week recovery period, in 
the previous paper, the effective dose of ghrelin admin-
istered IV was 5 nmol (24) and the effective dose of estra-
diol was 50 µg /mL (18) (Ghrelin and estradiol provided by 
Ana Spec Co, USA). Ghrelin was dissolved in 100 µL of 0.9% 
saline and estradiol dissolved in olive oil. Ghrelin and es-
tradiol were injected by a 27-gauge stainless steel injector, 
which connected to 10 µL Hamilton micro syringe (model 
9435, Australia) by PE-20 tubing.

3.3. Blood Collection
Blood samples were collected from tail vein and imme-

diately centrifuged at 3500 rpm and the plasma samples 
were stored at -20 °C until the T3 and T4 concentrations 
were assayed. At the end of the experimentation, the 
blood samples were collected daily starting from one day 
before the injection until 30, 360,720, 1440 minutes and 
4 days after the injection. Heparin was used in samples to 
prevent clotting.

3.4. Brain Removal
The animal brains were removed and kept in formalin 

(10%) for two weeks. The correct ICV cannulae placement 
was confirmed histologically. Only those animals with 
properly positioned cannulae were included in the data 
analysis.

3.5. Hormone Assay
The mean plasma T3 and T4 concentrations were mea-

sured. Plasma T3 and T4 concentrations were measured 
by T3 and T4 Kits and the method of a homologus double-
antibody radioimmunoassay. Sensitivities of the T3 and 
T4 assays were 0.0046 and 0.54 mg/dL, respectively. 

3.6. Statistical Analysis
SPSS version19 (IBM, USA, 2010) was used for statisti-

cal analysis. The one-sample Shapiro-Wilk test was per-
formed to determine normal distribution of the data. 
Results were expressed as mean ± SD. Data were analyzed 
using repeated-measures ANOVA. P< 0.05 was considered 
significant statistically. 

4. Results

4.1. Effects of Ghrelin Injection 
Intraventricular injection of 5 nmol ghrelin significant-

ly decreased plasma levels of T3 and T4 at 30 minutes af-
ter injection (P < 0. 05), but it has not been significant in 
the other steps of blood collection.
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Table 1.  The effect of Ghrelin and Estradiol on Plasma Concentration of Thyroid Hormones a,b

Ghrelin Estradiol Ghrelin and Estradiol

T3 T4 T3 T4 T3 T4

One day before 
injection

0.46 ± 0.005 14.14 ± 0.005 0.47 ± 0.005 14.2 ± 0.051 0.45 ± 0.005 13.85 ± 0.005

At 30 minutes 
after injection

0.21 ± 0.005 7.5 ± 0.005 0.71 ± 0.005 21.7± 0.051 0.59 ± 0.005 18.5 ± 0.005

At 360 minutes 
after injection

0.42 ± 0.005 13.5 ± 0.051 0.68 ± 0.005 19.6 ± 0.051 0.55 ± 0.005 17.5± 0.051

At 720 minutes 
after injection

0.43 ± 0.005 13.6 ± 0.051 0.66 ± 0.005 17.8 ± 0.051 0.53 ± 0.005 17 ± 0.051

At 1440 minutes 
after injection

0.44 ± 0.005 14 ± 0.005 0.47 ± 0.005 14.5 ± 0.005 0.47 ± 0.005 14.3 ± 0.051

Four days after 
injection 

0.44 ± 0.005 14 ± 0.051 0.48 ± 0.005 14.57 ± 0.005 0.49 ± 0.005 14.5 ± 0.051

P Value < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
a  Data are presented as mean ± SD.
b  T3 and T4 are measured in mg/mL

4.2. Effects of Estradiol Injection 
Intraventricular injection of 50 μg/kg E2 significantly in-

creased plasma concentration of T3 and T4 at 30, 360, and 
720 minutes after the injection (P < 0. 05) and in these 
steps we have had a minor increase but it has been signifi-
cant in the other steps of blood collection.

4.3. Effects of Estradiol and Ghrelin 
Intraventricular injection of 5 nmol ghrelin and 50 μg/

kg E2 increased plasma concentrations of T3 and T4 at 30, 
360 and 720 minutes after the injection (P < 0.05) and in 
these steps we have had a minor increase but it has been 
significant in the other steps of blood collection.

5. Discussion
Based on the results, plasma concentrations of T3 and 

T4 increased after 30, 360, and 720 minutes of injection. 
The arcuate nucleus is likely to be the primary site for 
neurons that sense circulating fuels and energy reserves. 
The paraventricular nucleus (PVN) receives input from 
the arcuate nucleus and harbors many of the releas-
ing factors such as corticotropin releasing factor (CRF), 
thyrotropin-releasing hormone (TRH), vasopressin, and 
oxytocin, which control release of pituitary hormones. 
The ventromedial nucleus receives input from the arcu-
ate nucleus and plays a critical role in energy balance 
along with the arcuate nucleus (25). The ventral-median 
nucleus and PVN have descending projections to the au-
tonomic nervous system and other pathways that con-
trol ingestive behaviors and metabolism. 

Menopause indicates the end of the reproductive life 
span of females, which is characterized by a dramatic 
drop in circulating estrogens. Hormone replacement 

therapy has been successfully used to treat menopausal 
symptoms. Estrogens have shown a strong suppressive ef-
fect on rat’s GnRH and ICV injection of E2 into the third 
ventricle affects pituitary and thyroid function in female 
rats (21). Previous studies have demonstrated that ghrelin 
increases synthesis of Agouti and neuropeptide Y in ar-
cuate nucleus (5, 6). It is also established that Agouti and 
neuropeptide Y immunoreactive axon densely innervate 
the neurons that secret TRH in the PVN of hypothalamus. 
Moreover, the exogenous ICV or PVN infusion of Agouti 
or neuropeptide Y markedly inhibits the HPT axis activ-
ity (23, 26). Therefore, ghrelin might have an inhibitory 
effect on thyroid axis activity via increasing Agouti or 
neuropeptide Y. Furthermore, it has been found that 
Agouti acts as an endogenous antagonist or inverse ago-
nist at melanocortin receptors on TRH neurons. Some 
studies have shown that alpha-melanocyte-stimulating 
hormone (α-MSH) neurons of arcuate densely innervate 
the TRH neurons of PVN. Therefore, there is a significant 
increase in TSH and thyroid hormones level after ICV or 
paraventricular injection of α-MSH (23, 27, 28). Hence, we 
could expect inhibitory activity of ghrelin on HPT axis, at 
least partially, which might be due to an increase in the 
Agouti level and its antagonist action on α-MSH recep-
tors. It has been suggested that central ghrelin blocks 
GABA release from Agouti or neuropeptide Y neurons 
of hypothalamus. Inhibition of GABA release is involved 
in the activation of CRF neurons and increasing corti-
cotropin releasing hormone (CRH) from the hypothala-
mus (25). As CRH and cortisol exert an inhibitory effect 
on plasma T3 and T4 concentrations (29, 30). Inhibitory 
effect of ghrelin on thyroid axis might be partially due 
to its stimulatory effect on hypothalamus-pituitary-adre-
nal axis. Previous studies have shown that E2 blocks the 
stimulatory effect of ghrelin on arcuate nucleus of the 
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hypothalamus. There is a great bulk of published data on 
the value of estrogen replacement therapy in alleviating 
menopausal symptoms such as hot flushes and insomnia 
and preventing urogenital atrophy and osteoporosis (31). 
During hormonal therapy, both beneficial and undesir-
able effects appear due to multiple target organs for es-
trogens (30). Epidemiologic studies suggest that the use 
of estrogens might contribute to the pathogenesis of thy-
roid tumors (32). In addition, thyroid diseases are more 
common in females (33). Although some studies dem-
onstrated the effects of estrogens on the development, 
physiology, and histology of the thyroid gland, questions 
about the effects of estrogen replacement therapy on the 
thyroid gland remained unanswered (34). Regarding the 
effect of E2 on thyroid activity, numerous studies have 
demonstrated contradictory results such as stimulatory 
effect through activation of pituitary-thyroid-axis follow-
ing E2 treatment. Effects of estrogens have been reported 
in various hypothalamic nuclei, including PVN, ventral-
median, and arcuate nucleuses (20, 22). 

To investigate functional significance of E2 receptor in 
these brain areas, we examined neuropeptide charac-
teristics of E2 receptor-expressing neurons in the PVN of 
female rats using dual label immunocytochemistry. TRH 
expression in PVN of cycling rats and functional differ-
ences between the PVN and the ventral-median nucleus 
for neurotransmitter content and/or connectivity are 
responsible for the different effects of E2 administration 
on HPT axis activity in these nuclei. Within the hypo-
thalamus, the PVN is the most important nucleus when 
it comes to determine HPT axis activity (35, 36). Nuclear 
E2 receptor alpha was found in a population of TRH ex-
pressing neurons in the PVN. The neurons accumulate 
TRH in PVN. Interaction between E2 receptor and TRH 
neurons increases TSH, which leads to secretion of T3 and 
T4 (37). Previous studies have shown that E2 decreases the 
stimulatory effect of ghrelin on arcuate nucleus of hypo-
thalamus. E2 binds to E2 receptor alpha on unidentified 
neurons of arcuate nucleus and reduces activity of agouti 
and neuropeptide Y, which is followed by reduction of 
food intake and effect of ghrelin on thyroid hormones 
(35). 

In the present study, the effect of ghrelin and E2 on thy-
roid axis was investigated for the first time. The results 
demonstrated that E2 significantly decreased the inhibi-
tory effect of ghrelin on mean plasma T3 and T4 concen-
trations. 
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