
INTRODUCTION

Ghrelin, an acylated 28-amino acid polypeptide, was
primary isolated from the human and rat stomach, and the
stomach is a main source of circulating ghrelin (1, 2). It exist in
two main molecular forms, as an acylated ghrelin (acyl-ghrelin)
and non-acylated ghrelin (des-acyl ghrelin (3, 4). Acyl-ghrelin,
which mainly occurs as octaynolated ghrelin is an active form of
this peptide because it is an endogenous ligand of ghrelin

receptor, formerly known as the growth hormone secretagogue
receptor 1a (GHS-R) (3-5). GHS-Rs are mainly expressed in the
pituitary gland and hypothalamus; however their presence was
also shown in other central and peripheral tissues (6). Activation
of ghrelin receptor strongly and dose dependently stimulates
release of growth hormone from the anterior pituitary (1). Apart
from the release of growth hormone, ghrelin stimulates food
intake and fat deposition (7-10), as well as exhibits protective
and therapeutic effect in numerous organs, including the gut (3).

JOURNALOF PHYSIOLOGYAND PHARMACOLOGY 2017, 68, 4, 609-617

www.jpp.krakow.pl

J. CIESZKOWSKI1, Z. WARZECHA1, P. CERANOWICZ1, D. CERANOWICZ2, B. KUSNIERZ-CABALA3, M. PEDZIWIATR4,
M. DEMBINSKI4, T. AMBROZY5, T. KACZMARZYK 6, M. PIHUT7, M. WIECKIEWICZ8, R. OLSZANECKI9, A. DEMBINSKI1

THERAPEUTIC EFFECTOF EXOGENOUS GHRELIN IN THE HEALING OF GINGIVAL
ULCERS IS MEDIATED BY THE RELEASE OF ENDOGENOUS GROWTH HORMONE 

AND INSULIN-LIKE GROWTH FACTOR-1

1Department of Physiology, Faculty of Medicine, Jagiellonian University Medical College, Cracow, Poland; 2Department of Pediatrics,
Gastroenterology and Nutrition, University Children's Hospital, Faculty of Medicine, Jagiellonian University Medical College, Cracow,

Poland; 3Department of Clinical Biochemistry, Faculty of Medicine, Jagiellonian University Medical College, Cracow, Poland; 
4Second Department of General Surgery, Faculty of Medicine, Jagiellonian University Medical College, Cracow, Poland; 

5Department of Theory of Sport and Kinesiology, Faculty of Physical Education, University of Physical Education, Cracow, Poland;
6Department of Oral Surgery, Faculty of Medicine, Jagiellonian University Medical College, Cracow, Poland; 

7Department of Prosthetic Dentistry, Faculty of Medicine, Jagiellonian University Medical College, Cracow, Poland; 
8Department of Prosthetic Dentistry, Faculty of Medicine, Wroclaw Medical University, Wroclaw, Poland; 

9Department of Pharmacology, Faculty of Medicine, Jagiellonian University Medical College, Cracow, Poland

Ghrelin, an acylated 28-amino acid polypeptide, was primary isolated from the stomach, and the stomach is a main
source of circulating ghrelin. Ghrelin strongly and dose-dependently stimulates release of growth hormone from the
anterior pituitary, as well as increases food intake and fat deposition. Previous studies showed that ghrelin exhibits
protective and therapeutic effect in different parts of the gastrointestinal system, including the oral cavity. The aim of
present study was to examine the role of growth hormone and insulin-like growth factor-1 (IGF-1) in the healing of
gingival ulcers. Studies were performed on rats with the intact pituitary gland and hypophysectomized rats. In
anesthetized rats, chronic ulcers of the gum were induced by acetic acid. Rats were treated intraperitoneally twice a day
with saline or ghrelin (4, 8 or 16 nmol/kg/dose) for six days. In pituitary-intact rats, administration of ghrelin
significantly increased serum concentration of growth hormone and IGF-1 and this effect was associated with a
significant increase in the healing rate of gingival ulcers. Moreover, treatment with ghrelin increased mucosal blood flow
and DNAsynthesis in the gum, while a local inflammation was decreased what was observed as a reduction in mucosal
concentration of pro-inflammatory interleukin-1β. Hypophysectomy decreased serum level of growth hormone below a
detection limit; whereas serum concentration of IGF-1 was reduced by 90%. On the other hand, removal of the pituitary
gland was without any significant effect on the healing rate of gingival ulcers or on the ulcer-induced increase in DNA
synthesis and concentration of pro-inflammatory interleukin-1β in gingival mucosa. Administration of ghrelin failed to
affect serum level of growth hormone and IGF-1 in hypophysectomized rats, and was without any effect on the healing
rate of gingival ulcers, mucosal blood flow, DNA synthesis or concentration of interleukin-1β in gingival mucosa.
Neither induction of gingival ulcers nor hypophysectomy nor administration of ghrelin significantly affected serum
concentration of pro-inflammatory interleukin-1β. We concluded that endogenous growth hormone and IGF-1 were
involved in the therapeutic effect of exogenous ghrelin in the healing of gingival mucosa damage.
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insulin-like growth factor-1



Treatment with ghrelin protects gastric mucosa against damage
evoked by ethanol (11), stress (12) or alendronate (13), as well
as accelerates healing of gastric and duodenal ulcers (14-16).
Also, experimental data indicate that ghrelin reduces the severity
and accelerates the healing of colitis (17-20). In the pancreas,
pretreatment with ghrelin inhibits the development of cerulein-
and ischemia/reperfusion-induced acute pancreatitis (21, 22), as
well as, accelerates the recovery in these models of acute
pancreatitis (23, 24). Furthermore, ghrelin protects the liver,
pancreas and remote organs against oxidative injury evoked by
pancreatobiliary obstruction (25).

In the oral cavity, administration of ghrelin was shown to
accelerate recovery in the course of oral ulcers and this effect
was observed in rats with intact salivary glands, as well as in
sialoadenectomized rats (26). This observation taken together
with findings that ghrelin is present in saliva in a similar or even
higher concentration than in serum or plasma (27-29), suggest
that healing effect of ghrelin in oral mucosa damage is related to
direct impact of ghrelin on oral epithelial cells. This concept is
additionally support by observation that human oral epithelial
cells express mRNAfor ghrelin and ghrelin receptor, and ghrelin
protein is present in gingival epithelium and fibroblasts located
in the lamina propria (29).

On the other hand, ghrelin strongly stimulates release of
growth hormone and insulin-like growth factor-1 (IGF-1) (1,
30). Growth hormone and IGF-1 are anabolic hormones and they
promote cell survival, proliferation and differentiation (31, 32).
The presence of growth hormone receptors and IGF-1 receptors
was found in the oral cavity (33-37). These data suggest that
therapeutic effect of ghrelin in the healing of oral mucosa lesions
may be related to the ghrelin-induced release of endogenous
growth factor and IGF-1.

The aim of the present study was to determine the role of
endogenous growth hormone and IGF-1 in therapeutic effects of
exogenous ghrelin in the healing of gingival ulcers. For this
reason, our research was performed in pituitary-intact and
hypophysectomized rats.

MATERIALS AND METHODS

Animals and treatment

Studies were performed on 120 male Wistar rats weighing 150
– 170 g. Experimental protocol was approved by the Jagiellonian
University Ethical Committee for Research and Animal Ethic.
During experiments, the animals were kept in cages placed in a
room temperature with 12 h light-darkness cycle.

Studies were conducted on pituitary-intact or
hypophysectomized rats. For this reason, before start of the main
experiment, rats were randomly divided into two groups,
anesthetized with ketamine (50 mg/kg i.p., Bioketan, Biowet,
Gorzow Wielkopolski, Poland) and sham-operated or
hypophysectomized via the transauricular approach according to
a method described by Falconi and Rossi (38).
After 2-week recovery rats were divided into twelve groups:
1) control pituitary-intact rats without induction of gingival ulcer

and treated with saline;
2) pituitary-intact rats without induction of gingival ulcer and

treated with ghrelin at a dose of 8 nmol/kg/dose;
3) pituitary-intact rats with gingival ulcers treated with saline;
4 – 6) pituitary-intact rats with gingival ulcer treated with ghrelin

at a dose of 4, 8 or 16 nmol/kg/dose, respectively;
7) hypophysectomized rats without induction of gingival ulcer

and treated with saline;
8) hypophysectomized rats without induction of gingival ulcer

and treated with ghrelin at a dose of 8 nmol/kg/dose;

9) hypophysectomized rats with gingival ulcer treated with
saline;

10 – 12) hypophysectomized rats with gingival ulcer treated
with ghrelin at a dose of 4, 8 or 16 nmol/kg/dose,
respectively.

Before induction of gingival ulcers, rats were fasted for 16 h
and reanesthetized with ketamine. Gingival ulcers were induced
by acetic acid. Briefly, about 70 µl of 100% acetic acid through
the plastic tube (4 mm inner diameter) was applied for 15 s to the
frontal surface of gingival mucosa of the maxilla above the
incisors.

After induction of ulcers, rats were treated intraperitoneally
twice a day with saline (0.9% NaCl) or ghrelin (given at the dose
of 4, 8 or 16 nmol/kg/dose) for six days. Rat recombinant
octanoylated ghrelin was obtained from Yanaihara Institute,
Shizuoka, Japan. Also, rats without induction of gingival ulcers
were treated intraperitoneally twice a day with saline or ghrelin
given at a dose of 8 nmol/kg/dose for six days before the end of
study. Ghrelin was diluted in saline immediately before
administration. Final volume of saline or ghrelin solution was
0.3 ml.

Determination of mucosal blood flow and measurement of the
gingival ulcer area

Three and six days after induction of gingival ulcers, rats were
anesthetized again with ketamine. Blood flow in gingival mucosa
of the maxilla was measured using laser Doppler flowmeter
(PeriFlux 4001 Master monitor, Perimed AB, Järfälla, Sweden).
Blood flow was measured in five areas of gingival mucosa, and
mean value of these recordings was presented as percent of
mucosal blood flow measured in saline-treated pituitary-intact rats
and without induction of ulcers (control group).

After measurement of mucosal blood flow, the area of
ulcerated mucosa was measured, using computerized planimeter
(Morphomat, Carl Zeiss, Berlin, Germany) as described
previously (14).

Biochemical analysis

At the end of the study, after measurement of mucosal blood
flow, the abdominal cavity was opened in anesthetized rats and
blood samples were collected from the abdominal aorta. Before
determination of serum growth hormone and IGF-1
concentrations, serum was frozen and stored at -60°C.

One, 12 or 24 h after administration of ethanol, rats were
anesthetized with ketamine (50 mg/kg i.p., Bioketan, Vetoquinol
Biowet, Gorzow Wielkopolski, Poland) and the abdomen was
opened by a midline incision.

Samples from gingival mucosa were taken for determination
of mucosal DNAsynthesis and mucosal concentration of pro-
inflammatory interleukin-1β.

Serum growth hormone concentration was determined by
radioimmunoassay, using a commercial Rat Growth Hormone
RIA Kit (LINCO Research, St. Charles, Missouri, USA). Serum
IGF-1 concentration was measured by radioimmunoassay, using
a commercial Mouse/Rat IGF-I RIAKit (Diagnostic System
Laboratories, Inc., Webster, Texas, USA). Serum concentration
of interleukin-1β was measured using the BioSource Cytoscreen
rat IL-1β kit (BioSource International, Camarillo, California,
USA) based on ELISA.

DNA synthesis, an index of cell proliferation, was
determined by measurement of thymidine incorporation ([6-3H]-
thymidine, 20-30 Ci/mmol, Institute for Research, Production
and Application of Radioisotopes, Prague, Czech Republic) into
mucosal DNAas described previously (39). The incorporation of
labeled thymidine into DNAwas determined by counting 0.5 ml
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DNA-containing supernatant in a liquid scintillation system.
DNA synthesis was expressed as tritium disintegrations per
minute per µg DNA(dpm/µg DNA).

Samples of mucosa, taken from the gum for determination
of interleukin-1β concentration, were homogenized in ice-cold
phosphate-buffered saline (PBS, 20 mM, pH 7.4). Homogenate
was centrifuged at 1500 g for 10 min at 4°C. Content of
interleukin-1β in the supernatant was measured using the
BioSource Cytoscreen rat IL-1β kit (BioSource International,
Camarillo, California, USA) based on ELISA. Concentration
of interleukin-1β in gingival mucosa was expressed as ng per g
of protein.

Statistical analysis

Results were expressed as mean ± S.E.M. Statistical analysis
was carried out by one-way analysis of variance (ANOVA)
followed by Tukey's multiple comparison test using
GraphPadPrism (GraphPad Software, San Diego, CA, USA).

Dif ferences were considered to be statistically significant when
Pwas less than 0.05.

RESULTS

The gingival ulcer area

Topical application of acetic acid on the mucosa of the gum
produced gingival ulcers in all rats subjected to this procedure.
In rats with the intact pituitary gland treated with saline, one day
after induction of gingival ulcers, the area of these ulcers was
16.5 ± 0.4 mm2 (Fig. 1). Gingival ulcers underwent spontaneous
healing. In rats with the intact pituitary gland treated with saline,
3 days or 6 days after induction of gingival ulcers, the area of
these ulcers was 11.2 ± 0.4 mm2 or 2.5 ± 0.1 mm2, respectively
and the size of these ulcers was significantly smaller than that
observed after 1 day after their induction (Fig. 1). In these rats,
administration of ghrelin at all doses used led to a significant
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Fig. 1. Influence of intraperitoneal
administration of saline (NaCl) or
ghrelin given at a dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on the
area of gingival ulcers in pituitary-intact
or hypohysectomized (HP) rats.
Observation was performed after 1 or 3
days (panel A), or after 1 or 6 days (panel
B) after induction of ulcers. Mean ±
standard error. N = 10 animals in each
group. aP < 0.05 compared to a value
observed 1 day after induction of
gingival ulcers in pituitary-intact NaCl-
treated rats; bP < 0.05 compared to a
value observed 3 day (panel A) or 6 day
(panel B) after induction of gingival
ulcers in pituitary-intact NaCl-treated
rats; cP < 0.05 compared to a value
observed 1 day after induction of
gingival ulcers in NaCl-treated
hypophysectomized rats.
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Fig. 3. Influence of intraperitoneal
administration of saline (NaCl) or ghrelin
given at a dose of 4, 8 or 16 nmol/kg/dose
(G4, G8 or G16) and induction of gingival
ulcers (ULCERS) on mucosal DNA
synthesis in the gum in pituitary-intact or
hypohysectomized (HP) rats. Observation
was performed after 6 days after induction
of ulcers or sham-operation. Mean ±
standard error. N = 10 animals in each
group. aP < 0.05 compared to a value
observed in control pituitary-intact NaCl-
treated rats without induction of ulcers (C);
bP < 0.05 compared to a value observed in
pituitary-intact rats treated with NaCl after
induction of ulcers; cP < 0.05 compared to 
a value observed in hypophysectomized
NaCl-treated rats without induction of
ulcers.

Fig. 2. Influence of intraperitoneal
administration of saline (NaCl) or
ghrelin given at a dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) and
induction of gingival ulcers
(ULCERS) on mucosal blood flow in
the gum in pituitary-intact or
hypohysectomized (HP) rats.
Observation was performed after 3
days (panel A) or 6 days (panel B)
after induction of ulcers or sham-
operation. Mean ± standard error. N =
10 animals in each group. aP < 0.05
compared to a value observed in
control pituitary-intact NaCl-treated
rats without induction of ulcers (C); 
bP < 0.05 compared to a value
observed in pituitary-intact rats treated
with NaCl after induction of ulcers; 
cP < 0.05 compared to a value
observed in hypophysectomized
NaCl-treated rats without induction of
ulcers.



acceleration of spontaneous healing of gingival ulcers and this
effect was observed at both times of observation, 3 and 6 days
after induction of ulcers. Ghrelin given at a dose of 8 or 16
nmol/kg/dose exhibited maximal therapeutic effect.
Hypophysectomy performed before induction of ulcers tended to
increase the area of gingival ulcers, but neither after 1 nor 3 nor
6 days after induction of ulcer this effect was statistically
significant (Fig. 1). On the other hand, hypophysectomy
completely abolished the therapeutic effect of exogenous ghrelin
in the healing of gingival ulcers (Fig. 1).

Mucosal blood flow

Administration of ghrelin at a dose of 8 nmol/kg/dose failed
to significantly affect mucosal blood flow in the gum in
pituitary-intact rats without induction of gingival ulcers, and this
lack of effect was observed after 3- and 6-day administration of
ghrelin (Fig. 2). Three days after induction of gingival ulcers,
mucosal blood flow in the gum was significantly reduced in all
rats with ulcers. In pituitary-intact rats with gingival ulcers and
treated with saline, mucosal blood flow was reduced by about

43% in comparison to a value observed in control pituitary-intact
rats without induction of ulcers. In pituitary-intact rats with
ulcers, administration of ghrelin improved mucosal blood flow
and this effect was statistically significant after ghrelin given at
a dose of 8 or 16 nmol/kg/dose (Fig. 2 panel A).

Six days after induction of gingival ulcers, mucosal blood
flow in the gum in pituitary-intact rats reached a value similar to
that observed in control pituitary-intact rats without induction of
ulcers (Fig. 2 panel B). Administration of ghrelin in these rats
led to significant increase in mucosal blood flow in the gum. In
the case of ghrelin given at a dose of 4 nmol/kg/dose this effect
was significant in comparison to a value observed in pituitary-
intact rats treated with saline after induction of ulcers. In the case
of ghrelin given at a dose of 8 or 16 nmol/kg/dose this effect was
additionally significant in comparison to a value observed in
control pituitary-intact rats without induction of ulcers (Fig. 2
panel B). Hypophysectomy alone or in combination with
administration of ghrelin at doses used was without any effect on
mucosal blood flow in the gum in rats with gingival ulcers and
this lack of effect was observed after 3, as well as 6 days after
induction of these ulcers (Fig. 2).
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Fig. 4. Influence of intraperitoneal
administration of saline (NaCl) or ghrelin
given at a dose of 4, 8 or 16 nmol/kg/dose
(G4, G8 or G16) and induction of
gingival ulcers (ULCERS) on mucosal
concentration of interleukin-1β in the
gum (panel A) or on serum concentration
of interleukin-1β (panel B) in pituitary-
intact or hypohysectomized (HP) rats.
Observation was performed after 6 days
after induction of ulcers or sham-
operation. Mean ± standard error. N = 10
animals in each group. aP < 0.05
compared to a value observed in control
pituitary-intact NaCl-treated rats without
induction of ulcers (C); bP < 0.05
compared to a value observed in
pituitary-intact rats treated with NaCl
after induction of ulcers; cP < 0.05
compared to a value observed in
hypophysectomized NaCl-treated rats
without induction of ulcers.



Mucosal DNA synthesis

Six days after induction of gingival ulcers, DNAsynthesis in
gingival mucosa was significantly increased in pituitary-intact,
as well as hypophysectomized rats (Fig. 3). In pituitary-intact
rats with gingival ulcers, administration of ghrelin led to an
additional increase in mucosal DNAsynthesis and this effect
was significant after ghrelin given at a dose of 8 or 16
nmol/kg/dose. In the case of hypophysectomized rats with
gingival ulcers, administration of ghrelin was without any effect
on mucosal DNAsynthesis in the gum (Fig. 3).

Mucosal and serum concentration of interleukin-1β

Induction of gingival ulcers significantly increased
mucosal concentration of pro-inflammatory interleukin-1β in
the gum and 6 days after induction of ulcers this effect was
observed in pituitary-intact, as well as hypophysectomized rats
(Fig. 4 panel A).

Administration of ghrelin at all doses used led to significant
reduction in the ulcer-induced increase in mucosal concentration
of interleukin-1β. This effect was maximally pronounced after

ghrelin given at a dose of 8 or 16 nmol//kg/dose. In the case of
hypophysectomized rats, administration of ghrelin failed to
affect the ulcer-induced increase in mucosal DNAsynthesis in
the gum (Fig. 4 panel A).

In control pituitary-intact rats without induction of gingival
ulcers and treated with saline, serum concentration of pro-
inflammatory interleukin-1β reached a value of 52.3 pg/ml (Fig.
4 panel B). Neither induction of ulcers nor hypophysectomy nor
administration of ghrelin significantly affected serum
concentration of interleukin-1β observed after 6 days after
induction of gingival ulcers.

Serum concentration of growth hormone

Serum concentration of growth hormone reached a value of
103.5 ± 6.1 ng/ml in control pituitary-intact rats without
induction of gingival ulcers (Fig. 5). In pituitary-intact rats,
administration of ghrelin at doses used significantly increased
serum level of growth hormone. Maximal increase in serum
concentration of growth hormone was observed after ghrelin
given at a dose of 8 or 16 nmol/kg/dose and this effect was
observed in pituitary-intact rats with ulcers, as well as in
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Fig. 5. Influence of intraperitoneal
administration of saline (NaCl) or ghrelin
given at a dose of 4, 8 or 16 nmol/kg/dose
(G4, G8 or G16) and induction of gingival
ulcers (ULCERS) on serum concentration
of growth hormone in pituitary-intact or
hypohysectomized (HP) rats. Observation
was performed after 6 days after induction
of ulcers or sham-operation. ND means
non-detectable. Mean ± standard error. N =
10 animals in each group. aP < 0.05
compared to a value observed in control
pituitary-intact NaCl-treated rats without
induction of ulcers (C); bP< 0.05 compared
to a value observed in pituitary-intact rats
treated with NaCl after induction of ulcers.

Fig. 6. Influence of intraperitoneal
administration of saline (NaCl) or ghrelin
given at a dose of 4, 8 or 16 nmol/kg/dose
(G4, G8 or G16) and induction of gingival
ulcers (ULCERS) on serum concentration
of insulin-like growth factor-1 (IGF-1) in
pituitary-intact or hypohysectomized (HP)
rats. Observation was performed after 
6 days after induction of ulcers or sham-
operation. Mean ± standard error. N = 10
animals in each group. aP< 0.05 compared
to a value observed in control pituitary-
intact NaCl-treated rats without induction
of ulcers (C); bP < 0.05 compared to a
value observed in pituitary-intact rats
treated with NaCl after induction of ulcers.



pituitary-intact rats without induction of ulcers. Induction of
gingival ulcers was without any effect on serum growth hormone
concentration determined 6 days after induction of these ulcers.
Hypophysectomy decreased serum level of growth hormone
below a detection limit and administration of ghrelin was
without any effect on serum concentration of growth hormone in
hypophysectomized rat (Fig. 5).

Serum concentration of insulin-like growth factor-1

In saline-treated pituitary-intact control rats without
induction of ulcers, serum concentration of IGF-1 was 410.3 ±
17.8 ng/ml (Fig. 5). Induction of gingival ulcers was without
significant effect on serum concentration of IGF-1 observed 6
days after induction of these ulcers. Administration of
exogenous ghrelin significantly increased serum level of IGF-1
in pituitary-intact rats. Ghrelin given at a dose of 4 nmol/kg/dose
led to about a 2-fold increase in serum level of IGF-1; whereas
ghrelin given at a dose of 8 or 16 nmol/kg/dose caused about a
3-fold increase in this parameter in pituitary-intact rats (Fig. 6).
Hypophysectomy reduced serum concentration of IGF-1 by
about 90% and neither induction of gingival ulcers nor
administration of ghrelin significantly affected this parameter in
hypophysectomized rats (Fig. 6).

DISCUSSION

Previous research showed that administration of ghrelin
prevents reduction in cell proliferation in the mucosa membrane
in the oral cavity and exhibits therapeutic effect in the healing of
gingival and lingual ulcers (26). Our current observations
performed on pituitary-intact rats are in agreement with these
findings and extent our knowledge in this matter. We found that
administration of exogenous ghrelin accelerates the healing of
gingival ulcers. Ghrelin given at all doses used led to significant
reduction in the area of gingival ulcers. Three-day treatment with
ghrelin given at the most effective doses, 8 or 16 nmol/kg/dose
decreased reduced the area of ulcers by about 26%. After next
three days of treatment with these doses of ghrelin, gingival
mucosa was fully healed. This effect of ghrelin administration
was accompanied by an increase in DNAsynthesis,
improvement of blood flow and reduction in interleukin-1β
concentration in mucosa of the gum. Integrity of the mucosa is
maintained by dynamic balance between cell renewal by mitosis
and cell loss as a result of cell exfoliation from surface layers of
the mucosa membrane. Insufficient cell renewal or increased cell
loss may lead to atrophy and/or ulceration. On the other hand,
increased cell proliferation or reduced cell loss may result in
mucosal hyperplasia. DNAsynthesis, measured by incorporation
of thymidine into DNA, is an index of cell proliferation (40).
Our current observation showed that spontaneous healing of
gingival ulcers is associated with a stimulation of DNAsynthesis
in gingival mucosa. In pituitary-intact rats, this effect was
additionally enhanced by treatment with ghrelin.

Appropriate blood flow plays an important role in the
protection and healing of mucous membrane in the gut (14, 41).
Adequate blood supply allows a delivery of oxygen,
bicarbonate, nutritious substances, hormones and growth factors,
and removes carbon dioxide, hydrogen ions and other toxic
agents. Local improvement of mucosal blood flow reduces
damage and accelerates the healing of the mucosa membrane in
the digestive tract (41-43). In our present study, we found that
induction of gingival ulcers by acetic acid leads to initial
reduction in mucosal blood flow in the gum, followed by
subsequent increase in this parameter during spontaneous
healing of these ulcers. In pituitary-intact rats, administration of

ghrelin significantly improved mucosal blood flow in the gum
leading to faster healing of gingival ulcers. These observations
indicate that improvement of mucosal blood flow is involved in
therapeutic effect of ghrelin in the treatment of acetic acid-
induced gingival ulcers in rats with the intact pituitary gland.

Our current study also showed that treatment with ghrelin
decreases the ulcer-induced increase in mucosal concentration of
interleukin-1β in pituitary-intact rats. This cytokine is a well-
known mediator of inflammation and plays a crucial role in the
induction of local and systemic acute phase response and in the
release of other members of the pro-inflammatory cytokine
cascade (44, 45). Administration of interleukin-1 receptor
antagonist prevents the rise in serum concentration of pro-
inflammatory interleukin-6 and TNF-α, and decreases severity
of systemic inflammation (45-48). These data taken together
with our current results indicate that treatment with exogenous
ghrelin reduces the local inflammatory process in the course of
gingival ulcers in pituitary-intact rats. This finding shows the
next mechanism of beneficial effect of ghrelin in gingival
mucosa. On the other hand, our current study showed that
neither induction of gingival ulcers nor administration of ghrelin
affected serum level of interleukin-1β. This observation
indicates that induction of gingival ulcers causes the
development of local but not systemic inflammation.

Our current study also showed that administration of
exogenous ghrelin leads to increase in serum level of growth
hormone and insulin-like growth factor-1. Both these hormones
exhibit anabolic effects and are involved in cell survival and
proliferation (31, 32), as well as in the protection and healing of
different organs in the digestive system (49-54). Moreover, the
presence of growth hormone receptor and IGF-1 receptors was
found in the oral cavity (33-37). These data may suggest that
therapeutic effect of ghrelin in the healing of oral mucosa damage
is related to the ghrelin-induced release of endogenous growth
factor and IGF-1. On the other hand, there are observations
showing that human oral epithelial cells express mRNAfor
ghrelin and ghrelin receptor, and ghrelin protein is present in
gingival epithelium and fibroblasts located in the lamina propria
in the gum (29). Moreover, ghrelin is present in high
concentrations in saliva (27-29), it causes that the mucous
membrane of the oral cavity is permanently exposed to huge
amount of ghrelin. This group of findings suggests that
therapeutic effects of ghrelin in the gum may depend on direct
action of this peptide on oral mucosa. For this reason, to check
the role of endogenous growth hormone and IGF-1 in therapeutic
effects of exogenous ghrelin in the healing of gingival ulcers, we
performed the study using hypophysectomized rats.

In this part of study, we performed hypophysectomy using
the transauricular technique according to a method described by
Falconi and Ross (38). We chose this method because of our
experience in using it. Moreover, this method reduced the
possibility of developing inflammation of the central nervous
system. The disadvantage of this method is the lack of visual
inspection whether the pituitary was completely removed. On
the other hand, our current results showed that hypophysectomy
performed via the transauricular approach decreased serum level
of growth hormone below a detection limit. This observation
clearly demonstrates that the method used leads to effective
removal of the pituitary gland.

Our current study also showed that elimination of circulating
growth hormone was associated with a decrease in serum
concentration of IGF-1 by about 90%. On the other hand,
unexpectedly these effects of hypophysectomy did not affect the
healing rate of gingival ulcers in rats without administration of
ghrelin. Also blood flow and DNAsynthesis in gingival mucosa
was not altered in these rats in comparison to values observed in
pituitary-intact rats treated with saline. Above findings indicates

615



that basal levels of growth hormone and IGF-1 do not play an
important role in maintaining integrity of gingival mucosa. This
thesis is supported by observation that ghrelin is present in high
concentration in saliva (27-29). Furthermore, the study
performed by Oath et al. found in humans showed that the
concentration ghrelin in gingival reticular fluid is approximately
500-fold greater than in saliva (29). Probably, for this reason, the
direct action of exogenous ghrelin on gingival mucosa cannot be
revealed due to a local high concentration of endogenous ghrelin
in basal condition.

In contrast to results observed in pituitary-intact rats,
administration of ghrelin was without any effect on the release
of endogenous growth hormone and IGF-1 in
hypophysectomized rats. Also, in these rats, ghrelin also did not
affect the healing rate of gingival ulcers, mucosal blood flow,
DNA synthesis or gingival concentration of pro-inflammatory
interleukin-1β. These findings taken together with observation
performed on pituitary-intact rats indicate that therapeutic effect
of ghrelin administration in gingival ulcers is based on the
release of endogenous growth hormone and IGF-1.

Finally, we conclude that administration of exogenous
ghrelin exhibits the therapeutic effect in the healing of gingival
mucosal damage and this effects is mainly related to the ghrelin-
induced release of endogenous growth hormone and IGF-1.
Moreover this observation suggests that ghrelin could be
potentially useful in the treatment of radiation- or chemotherapy-
induced oral mucositis. However, this potential application in
clinics requires additional experimental research.
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