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Abstract

Objective: To assess whether some of the alterations in energy homeostasis present in thyroid function
disorders and GH deficiency could be mediated by ghrelin.
Design: To assess the influence of thyroid status on ghrelin, adult male Sprague –Dawley rats were
treated with vehicle (euthyroid), amino-triazole (hypothyroid) or l-thyroxine (hyperthyroid). The
influence of GH on ghrelin was assessed in wild-type (control) and GH-deficient (dwarf) Lewis rats.
Evaluation of gastric ghrelin mRNA expression in the stomach was carried out by Northern blot. Cir-
culating levels of ghrelin were measured by radioimmunoassay.
Results: Hypothyroidism resulted in an increase in gastric ghrelin mRNA levels (euthyroid: 100^
3:2% vs hypothyroid: 127:3^6:5%; P , 0:01), being decreased in hyperthyroid rats (70^5:4%;
P , 0:01). In keeping with these results, circulating plasma ghrelin levels were increased in
hypothyroid (euthyroid: 124^11 pg=ml vs hypothyroid: 262^39 pg=ml; P , 0:01) and decreased
in hyperthyroid rats (75^6 pg=ml; P , 0:01). Using an experimental model of GH deficiency,
namely the dwarf rat, we found a decrease in gastric ghrelin mRNA levels (controls: 100^6% vs
dwarf: 66^5:5%; P , 0:01) and circulating plasma ghrelin levels (controls: 124^12 pg=ml vs
dwarf: 81^7 pg=ml; P , 0:01).
Conclusion: This study provides the first evidence that ghrelin gene expression is influenced by thyroid
hormones and GH status and provides further evidence that ghrelin may play an important role in the
alteration of energy homeostasis and body weight present in these pathophysiological states.
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Introduction

Growth hormone secretagogues (GHSs) are artificial
compounds which release growth hormone (GH) in
all species tested so far. Up to now, these molecules
mimicked an unknown endogenous factor that acti-
vates the GHS receptor (GHS-R) (1). The earlier cloning
of the GHS-R suggested that an endogenous ligand for
this receptor might exist (2). Indeed, after intensive
searches by different groups, the isolation of an
endogenous ligand of the GHS-R, named ghrelin, was
recently reported (3). The purified ligand was found
to be a peptide of 28 amino acids, in which the serine
3 residue was n-octanoylated. More recently, a second
endogenous ligand for the GHS-R named des-Gln14-
ghrelin, whose biological activity and sequence is iden-
tical to ghrelin except for one glutamine in position 14,
has been purified and characterized (4). These peptides
have been shown to exert a very potent and specific GH-
releasing activity in vitro and in vivo as well as increas-
ing Pit-gene transcription rate (5, 6). Taking into

account that it is secreted prevalently from the stomach
and that ghrelin circulates in normal subjects at con-
siderable plasma concentrations, it has been postulated
that this molecule is secreted from the stomach, circu-
lating in the blood stream to stimulate GH synthesis
and secretion by the somatotrophs (3). Moreover, ghre-
lin has emerged as a regulatory signal involved in
energy homeostasis, sleep regulation, reproduction,
gastrointestinal and cardiovascular function among
others.

Data gleaned recently has led to the recognition that
ghrelin plays an important role in energy homeostasis
and the evidence is as follows. Ghrelin administration
induces a positive energy balance in rodents by decreas-
ing fat utilization without significantly changing
energy expenditure or locomotor activity (7, 8). The
effect of ghrelin appears to be exerted at a central
level and its chronic administration is associated with
metabolic changes that lead to an efficient metabolic
state resulting in increased body weight and fat mass
(7, 8). In keeping with this, an inverse relationship
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between plasma ghrelin levels and body mass index has
been reported (9).

Alterations in thyroid function are associated with a
large variety of symptoms, including changes in body
weight and sleep. Thus, weight loss is present in 85%
of patients with thyrotoxicosis, while hypothyroidism
is associated with weight gain in 59% of patients
(10). Similarly, there is also an important inter-relation-
ship between GH and body weight homeostasis. Thus, it
is well established that GH reduces fat mass in normal
and obese subjects while patients with GH deficiency
exhibit increased fat mass. Furthermore, data obtained
in rats have shown that GH stimulates food intake (11).

The aim of this paper was to assess whether some of
the alterations in energy homeostasis present in thyroid
function disorders and GH deficiency could be mediated
by ghrelin. Thus, we assessed ghrelin mRNA levels in
the stomach and serum ghrelin concentrations in
normal, hypothyroid, hyperthyroid and GH-deficient
rats.

Materials and methods

Animals

Male rats were maintained in plastic cages at 23 8C
under a 12 h light:12 h darkness cycle (lights on
0700–1900 h), with ad libitum access to food and
water. All animal experiments were conducted in
accordance with the standards approved by the Faculty
Animal Committee.

To assess the influence of thyroid status on ghrelin,
adult male Sprague –Dawley rats were used. Hypo-
thyroidism was induced by the addition of 0.1%
amino-triazole (3-amino-1,2,4-triazole; Sigma, St
Louis, MO, USA) to the drinking water and hyperthyr-
iodism was induced by chronic subcutaneous admin-
istration of l-thyroxine (100mg/day l-thyroxine
sodium salt pentahydrate; Sigma) (12). The treatment
regimes were maintained for 2 weeks and at the end
of the experiment the blood was collected by decapi-
tation and tissue dissected. The efficiency of the treat-
ments was confirmed as previously described (12).
Briefly, amino-triazole treatment significantly increased
plasma thyrotrophin (TSH) levels (control rats: 3:17^
0:38 ng=ml; amino-triazole-treated rats: 27.17^
1.71 ng/ml; P , 0:05). On the other hand, adminis-
tration of L-thyroxine significantly decreased plasma
TSH levels (control rats: 3:17^0:38 ng=ml; L-thyroxine-
treated rats: 0:42^0:09 ng=ml; P , 0:05). As expected,
weight gain was impaired in hypothyroid (16^3 g=
3 weeks) and hyperthyroid rats (9.78^3.27 g/3
weeks) in comparison with euthyroid control rats
(66:3^2:8 g=3 weeks; P , 0:001). Finally, the effect
of GH deficiency on ghrelin was assessed in two
groups of 7-week-old male Lewis rats, one wild-type
and one dwarf.

RNA isolation and Northern blot analysis

Total RNA of the gastric fundus was extracted by the
acid guanidinium thiocyanate–phenol –chloroform
method (13). Twenty micrograms of total RNA was
denatured with formaldehyde, electrophoresed in
1.5% agarose gel and blotted onto a Hybond N+ mem-
brane (Amersham Pharmacia Biotech, Buckingham-
shire, UK). The membranes were hybridized with a
32P-labelled cDNA probe for ghrelin mRNA in the
stomach as previously described (14). The total inte-
grated densities of hibridization signal were normalized
using an image analyzer (Gel 2000; Bio-Rad, Hercules,
CA, USA) and normalized for the 18S RNA signal
intensity and expressed as a percentage of euthyroid
control rats or as a percentage of control Lewis rats.

Radioimmunoassay for rat ghrelin

Plasma levels of ghrelin were assayed using reagent kits
and methods provided by Phoenix Pharmaceuticals.
Truncal vein plasma was obtained by decapitation
from the three groups of rats. It was collected in
tubes containing EDTA.2Na (1 mg/ml blood) and apro-
tinin (500 units/ml blood) (Sigma), centrifuged
immediately and the plasma ghrelin determined by
means of a double-antibody radioimmunoassay using
materials and protocols supplied by the provider (Phoenix
Peptide Inc., Belmont, CA, USA). All samples were
assayed in duplicate within one assay and results
expressed in terms of the ghrelin standard. The limit
of the assay sensitivity was 2 pg/ml, the intra- and
interassay levels were respectively 5% and 13%.

Statistical analysis

All values are expressed as means^S.E.M. (n ¼ 8 rat per
group). Analysis by non-parametric Mann–Whitney
test was used to assess the differences among groups.
P , 0:05 was considered statistically significant.

Results

As shown in Fig. 1, hypothyroidism resulted in a
marked increase in gastric ghrelin mRNA levels
(euthyroid: 100^3:2% vs hypothyroid: 127:3^6:5%;
P , 0:01), being decreased in hyperthyroid rats
(70^5:4%; P , 0:01). In keeping with this (Fig. 1),
circulating plasma ghrelin levels were increased in
hypothyroid (euthyroid: 124^11 pg=ml vs 262^
39 pg/ml; P , 0:01) and decreased in hyperthyroid
rats (75^6 pg=ml; P , 0:01).

Using an experimental model of GH deficiency,
namely the dwarf rats, we found a decrease in gastric
ghrelin mRNA levels (controls: 100^6% vs dwarf:
66^5:5%; P , 0:01) and circulating plasma ghrelin
levels (controls: 124^12 pg=ml vs dwarf: 81^7 pg/
ml; P , 0:01) (Fig. 2).

160 J E Caminos and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2002) 147

www.eje.org

Downloaded from Bioscientifica.com at 05/22/2023 04:23:51PM
via free access



Discussion

The isolation of ghrelin is one of the most important
breakthroughs in our understanding of the neuroregu-
lation of GH secretion as well as in the regulatory
mechanisms involved in the regulation of food intake
and body weight (15). Regarding the latter, it has
been shown that ghrelin administration, either cen-
trally or peripherally, stimulates short-term food
intake as potently as any known peptide (7). The orexi-
genic effect of ghrelin in rodents and humans can be
observed at doses that are near the physiological
range (15). Furthermore, animal experiments have
implicated ghrelin in the long-term regulation of body
weight. Thus, rats treated with ghrelin for a period of
several weeks showed increased food intake, decreased
fat utilization, increased adiposity and a positive

energy balance (8, 16). Although the mechanisms by
which ghrelin exerts its effects on feeding and metabol-
ism are still unclear, it is likely that these effects are
brought about by the interaction of ghrelin with hypo-
thalamic circuits controlling body weight. Finally,
measurements of circulating ghrelin levels have linked
this hormone with meal initiation and long-term main-
tenance of body weight. Thus, ghrelin levels are
decreased in obesity (9) and increased in states of nega-
tive energy balance such as caloric restriction, cancer
anorexia, chronic exercise and anorexia nervosa (17,
18).

Energy intake and energy expenditure are tightly
regulated, and it has been shown that there is an
important inter-relationship between thyroid status
and this energy homeostasis. It is well known that star-
vation is associated with a depression of the thyroid
axis. Moreover, patients with alterations in thyroid
function, either hypo- or hyperthyroidism, exhibit
alterations in food intake, energy expenditure and
body weight (10, 19). We therefore hypothesized that
the ghrelin system could be a potential mediator of

Figure 2 (A) Plasma ghrelin levels and (B) densitometric analysis
of gastric ghrelin mRNA levels in controls and GH-deficient
(dwarf) rats. Values (n = 7 animals/group) are expressed as
means^S.E.M. *P , 0:01:

Figure 1 (A) Representative Northern blots, (B) densitometric
analysis of gastric ghrelin mRNA levels and (C) rat plasma ghrelin
levels in euthyroid (control), hypothyroid and hyperthyroid rats.
Values ðn ¼ 9=groupÞ are expressed as means^S.E.M.

**P , 0:01:
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the effects of thyroid hormones on energy homeostasis.
Our data showing a decrease in ghrelin levels in
hyperthyroid rats were somewhat surprising since in
states of negative energy balance ghrelin levels are
usually increased. Furthermore, we found increased
ghrelin levels in hypothyroid rats. Taking into account
that hypothyroidism is usually associated with
decreased food intake, our data suggest that hypo-
thyroidism leads to an state of resistance in relation
to the orexigenic effects of ghrelin, the nature of
which is unclear at present.

Finally, it is well established that GH has a potential
to reduce fat mass in obese subjects. These effects are
more likely to be mediated by an increase in metabolic
rate and energy expenditure. Thus, patients with GH
deficiency exhibit increased fat mass and body weight,
while exogenous GH administration leads to break-
down of adipose tissue and increased body protein
accretion (20). Furthermore, GH has been shown
recently to inhibit voluntary food intake in experi-
mental animals. Our data showing that ghrelin gene
expression is decreased in GH-deficient rats suggest
that this hormone is unlikely to be the mechanism
responsible for either the increase adiposity observed
in states of GH deficiency or in the inhibitory effect
exerted by exogenous GH administration on food
intake. In a recent study carried out in humans it has
been shown that circulating ghrelin levels were un-
affected following 1 year of replacement therapy with
human GH. In the same study, the authors also failed
to find significant differences between control and
GH-deficient patients although the mean values were
much lower in the latter (21). Whether these discrep-
ancies are due to interspecies differences or to the fact
that we used an experimental model of genetic GH
deficiency is unclear. Regarding the latter, it is note-
worthy that the GH receptor is present in the stomach
and that GH stimulates proliferation and enlargement
of the gastric mucosa, it being generally accepted that
GH is pleiotropic at this level (22). Thus, it is possible
that the ontogeny and development of ghrelin-produ-
cing cells may well be impaired in states of GH
deficiency.

In summary, this study provides the first evidence
that ghrelin gene expression is influenced by thyroid
hormones and GH status and provides further evidence
that ghrelin may play an important role in the altera-
tions of energy homeostasis and body weight present
in these pathophysiological states.
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