
INTRODUCTION

Saliva is a fluid of the oral cavity produced by salivary
glands. The functions of saliva are diverse. It cleans the mouth,
protects the mucosal surfaces of the oral cavity from desiccation,
dissolves food chemical ingredients so that they can be tasted,
moistens food and aids in bolus formation, and digests starchy
foods. Saliva is the body's first barrier against infections. It
contains a myriad of proteins and peptides that protect against
injury evoked by microbial, mechanical or chemical agents (1).
A number of growth factors, such as nerve growth factor (NGF),
fibroblast growth factors (FGFs) and especially epidermal
growth factor (EGF) have been found in saliva (1). Studies,
performed mainly on rodents, have shown that sialoadenectomy,
among others, increases ethanol- or stress-induced gastric
ulceration (2, 3), delays healing of oral wounds (4, 5), and
duodenal and gastric ulcers (6), as well as decreases liver
regeneration (7). These detrimental effects of sialoadenectomy
can be reversed by administration of exogenous EGF (2-7). EGF
concentration in human saliva is around 100,000 fold lower than
in rodent saliva and the study performed by Oudhoff et al. (8)
has suggested that histatins, rather than EGF, are the major
wound-closure stimulating factors in human saliva.

Xerostomia, the subjective feeling of the dry mouth, is
mainly caused by a reduction of in saliva production. This is
itself caused by salivary glands hypofunction, which results in a

decrease in the amount of saliva and composition alterations.
Reduced saliva flow rate may lead to the development of mouth
inflammation and high rate of caries followed by increased risk
of tooth loss. This effect has been shown in animal and clinical
studies (9-11). Moreover, animal studies have shown that
desalivation causes a long-term delay in tooth sockets healing
and inhibits healing of palatal wounds (12, 13).

Ghrelin, a peptide predominantly produced in the stomach,
exhibits numerous physiological functions, including
stimulation of growth hormone release, food intake and gastric
empting, and regulation of energy expenditure (14). Previous
studies have shown that ghrelin exhibits protective and healing-
promoting effects in different organs, including the gut.
Pretreatment with ghrelin reduces gastric mucosal damage in
experimental ulcers induced by ethanol (15, 16), stress (17) or
alendronate (18), as well as accelerates the healing of gastric
ulcers evoked by acetic acid (19). Protective and therapeutic
effect of ghrelin has been also found in the course of cysteamine-
induced (20) and acetic-acid-induced (19) duodenal ulcers. In
the pancreas, ghrelin promotes survival of human islets and
cultured cells (21), inhibits the development of acute pancreatitis
evoked by cerulein (22), ischemia followed by reperfusion (23)
or taurocholate (24). Also, ghrelin exhibits therapeutic effect in
the course of cerulein-induced pancreatitis (25, 26). There are
clinical (27, 28) and animal (29, 30) studies suggesting
protective effect of ghrelin in the liver.
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Influence of ghrelin administration on colitis is
controversial. Some studies have shown that administration of
ghrelin ameliorates the severity of the trinitrobenzene sulfonic
acid (TNBS)-induced colitis, as well as increases survival of
experimental animals and accelerates the healing in this model
of colitis (31, 32).

Opposite effects of ghrelin on the course of colitis has been
found by De Smet et al. (33). They have reported that the
development of dextran sodium sulphate (DSS)-induced colitis
is attenuated in ghrelin knockout mice; whereas treatment of
non-inbred mice with exogenous ghrelin enhances the severity
of inflammation in this model of colitis.

In the oral cavity, ghrelin has been found in salivary glands,
saliva, teeth, taste buds of the tongue and gingival epithelium (34-
37). Concentration of ghrelin in saliva is similar to that observed
in serum or plasma (38, 39). Also, there are clinical studies
showing that psychosocial stress enhances salivary level of
ghrelin and this effect is more pronounced in symptomatic
patients with bulimia nervosa (40). The role of ghrelin in the
healing of oral mucosa ulcers is unknown. Therefore, the aim of
present study was to examine the influence of ghrelin
administration on oral mucosa integrity and healing of oral ulcers
in rats with intact salivary gland and sialoadenectomized rats.

MATERIALS AND METHODS

Animals and treatment

Studies were performed on 120 male Wistar rats weighing
150–170g and were conducted following the experimental
protocol approved by the Local Commission of Ethics for the
Care and Use of Laboratory Animals. Animals were housed in
normal room temperature (22±1°C) and a 12-h light-dark cycle.

Studies were conducted on rats with intact salivary gland or
rats with reduced salivary secretion evoked by sialoadenectomy.
Rats were divided into twelve experimental groups as shown in
Table 1. Experiments were repeated and observations were made
on ten rats in each experimental group.

As shown on Fig. 1, sialoadenectomy was performed two
weeks before induction of oral ulcers. In rats, submandibular and
sublingual glands, in contrast to parotid glands, are a main source
of growth factors in saliva (41). Moreover, previous study has
shown that wound licking with submandibular and sublingual
saliva promotes healing of cutaneous wounds; whereas parotid
saliva does not exhibit any effect in treatment of dermal injury
(42). For this reason we decide to remove submandibular and
sublingual salivary glands without resection of parotid salivary

glands. Intact parotid salivary glands have prevented excessive
reduction of saliva secretion and allowed sialoadenectomized rats
to masticate and swallow. Animals before sialoadenectomy were
fasted for 16 hours, with the unlimited access to water. At the day
of operation, rats were anesthetized with ketamine (50 mg/kg,
intraperitoneally (i.p.), Bioketan, Vetoquinol Biowet, Gorzów
Wielkopolski, Poland). To remove the submandibular and
sublingual salivary glands, a 15 mm incision of the skin was
made below the mandible. After the exposition of salivary glands,
salivary ducts and blood vessels were ligated, and submandibular
and subligual glands were removed.

The rest of animals was sham-operated. In these rats,
incision of the skin and mobilization of salivary glands was
performed without ligation of any salivary duct or blood vessel.

Two weeks after sialoadenectomy or sham operation, rats
were fasted for 16 hours and reanesthetized with ketamine.
Gingival and lingual ulcers were performed by modification of
method previously described by Konturek et al. (6). Briefly, in
the case of gingival ulcers, about 70 µl of 100% acetic acid was
applied for 15 s through the plastic tube (4 mm inner diameter)
to frontal surface of gingival mucosa of the maxilla above
incisors. In the case of lingual ulcers, we used the same amount
and concentration of acetic acid and the same time of exposition,
but plastic tube had bigger inner diameter (5 mm). Acetic acid
was applied to upper surface of the tongue.

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. Ghrelin has been
synthesized in Yanaihara Institute Inc. from Shizuoka in Japan.

Animals without induction of ulcers were treated
intraperitoneally twice a day with saline or ghrelin (given at the
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. Drugs
have been given intraperitoneally through frontal part of
abdominal wall in conscious immobilized rats.

Determination of mucosal blood flow and measurement of
ulcer area

Three and six days after induction of gingival and lingual
ulcers, rats were anesthetized again with ketamine. Blood flow
in the gum mucosa of the maxilla and in the mucosa of upper
surface of the tongue was measured using laser Doppler
flowmeter (PeriFlux 4001 Master monitor, Perimed AB, Järfälla,
Sweden). Blood flow was measured in five areas of the gum
mucosa and lingual mucosa, and mean value of five recordings
was presented as percent of mucosal blood flow measured in
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Experimental 
group no. 

Surgical procedure 
(sham-operation vs. 
sialoadenectomy) 

Ulcers 
(+/–) 

Saline 
(+/–) 

Dose of ghrelin 
(nmol/kg/injection) 

1 Control sham-operated rats – + 0 
2 Sham-operated rats – – 8 
3 Sham-operated rats + + 0 
4 Sham-operated rats + – 4 
5 Sham-operated rats + – 8 
6 Sham-operated rats + – 16 
7 Sialoadenectomized rats – + 0 
8 Sialoadenectomized rats – – 8 
9 Sialoadenectomized rats + + 0 

10 Sialoadenectomized rats + – 4 
11 Sialoadenectomized rats + – 8 
12 Sialoadenectomized rats + – 16 

Table 1. List of experimental groups of animals used in the study.



saline-treated rats with intact salivary glands 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 (43).

Biochemical analysis

Six days after induction of oral ulcers, at the end of
experiment, after measurement of mucosal blood flow, biopsy
samples from the gingival and lingual mucosa (one biopsy per
each type of mucosa per rat) were taken for determination of
mucosal DNA synthesis and mucosal concentration of pro-
inflammatory interleukin-1β.

DNA synthesis, an index of cell proliferation, was
determined by measurement of [3H]thymidine incorporation

([6-3H]-thymidine, 20-30 Ci/mmol, Institute for Research,
Production and Application of Radioisotopes, Prague, Czech
Republic) into mucosal DNA as described previously (43, 44).
The incorporation of labeled thymidine into DNA was
determined by counting 0.5 ml DNA-containing supernatant in
a liquid scintillation system. DNA synthesis was expressed as
tritium disintegrations per minute per g DNA (dpm/ g DNA).

After biopsy, samples of mucosa, taken from the gum and
tongue for determination of interleukin-1β content, 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 and lingual
mucosa was expressed as ng per 1 g of protein.
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Fig. 1. Study design describing time
relationship between sham-operation,
induction of ulcers and treatment with
saline or ghrelin. S or G means saline
or ghrelin administration.
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ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on
gingival mucosal blood flow in salivary
glands-intact or sialoadenectomized rats
at the third day after induction of
gingival ulcers (GU) and/or the start of
saline or ghrelin administration. Mean ±
S.E.M. N=10 in each group of animals.
a P<0.05 compared to saline-treated rats
with intact salivary glands, without
induction of ulcers; b P<0.05 compared
to saline-treated rats with intact salivary
glands and induction of gingival ulcers
(GU); c P<0.05 compared to saline-
treated sialoadenectomized rats without
induction of ulcers; d P<0.05 compared
to saline-treated sialoadenectomized
rats with induction of gingival ulcers
(GU).



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).
Differences were considered to be statistically significant when
P was less than 0.05.

RESULTS

In animals with intact salivary glands without induction of
oral ulcers, treatment with ghrelin given at the dose of 8
nmol/kg/dose for 3 or 6 days was without significant effect on
blood flow in gingival (Fig. 2 and 3) and lingual mucosa (Fig. 4
and 5). Also, in this group of animals, treatment with ghrelin for

6 days was without significant effect on DNA synthesis (Fig. 6
and 7) and concentration of interleukin-1β (Fig. 8 and 9) in
gingival and lingual mucosa.

Topical application of acetic acid on the mucosa of the gum
or tongue has produced gingival and lingual ulcers. These ulcers
have undergone spontaneous healing. In rats with intact salivary
glands, three days after induction of ulcers, the lesion area of
gingival (Fig. 10) and lingual (Fig. 11) ulcers reached 11.2±0.3
and 19.2±0.4 mm2, respectively. Three days later, in this group
of animals, the area of gingival (Fig. 12) and lingual (Fig. 13)
ulcers was 1.4±0.1 and 1.5±0.1 mm2, respectively. Induction of
oral ulcers has affected blood flow, DNA synthesis and
interleukin-1β in gingival and lingual mucosa. Three days after
induction of ulcers, blood flow in mucosa of the gum (Fig. 2)
and tongue (Fig. 4) has been significantly reduced by around 43
and 27%, respectively. After next three days, mucosal blood
flow in the gum and tongue was similar to that observed in
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ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on
gingival mucosal blood flow in salivary
glands-intact or sialoadenectomized rats
at the sixth day after induction of
gingival ulcers (GU) and/or the start of
saline or ghrelin administration. Mean ±
S.E.M.. N=10 in each group of animals.
a P<0.05 compared to saline-treated rats
with intact salivary glands, without
induction of ulcers; b P<0.05 compared
to saline-treated rats with intact salivary
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treated sialoadenectomized rats without
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to saline-treated sialoadenectomized
rats with induction of gingival ulcers
(GU).
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Fig. 4. Influence of saline (NaCl) or
ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on
lingual mucosal blood flow in salivary
glands-intact or sialoadenectomized rats
at the third day after induction of lingual
ulcers (LU) and/or the start of saline or
ghrelin administration. Mean ± S.E.M.
N=10 in each group of animals.
a P<0.05 compared to saline-treated rats
with intact salivary glands, without
induction of ulcers; b P<0.05 compared
to saline-treated rats with intact salivary
glands and induction of lingual ulcers
(LU); c P<0.05 compared to salivary
glands-intact rats with lingual ulcers
and treated with ghrelin at the dose of 4
nmol/kg/dose (G4); d P<0.05 compared
to saline-treated sialoadenectomized
rats without induction of ulcers; 
eP<0.05 compared to saline-treated
sialoadenectomized rats with induction
of lingual ulcers (LU).



control rats with intact salivary gland and without induction of
ulcers (Fig. 3 and 5). Six days after induction of ulcer, in saline-
treated rats with intact salivary glands, DNA in mucosa of the
gum (Fig. 6) and tongue (Fig. 7) was significantly increase by
19 and 21%, respectively above values observed in control
salivary gland-intact rats without induction of ulcers.
Interleukin-1β concentration in the mucosa of the gum (Fig. 8)
and tongue (Fig. 9) in salivary glands-intact rats with oral ulcers
has been increased above a control value by 114 and 66%,
respectively.

In salivary glands-intact rats, intraperitoneal administration
of ghrelin has significantly accelerated the healing rate of both,
gingival (Figs. 10 and 12) and lingual (Figs. 11 and 13) ulcers
and this effect was observed at the 3rd and 6th day after ulcer
induction. Maximal therapeutic effect was observed after ghrelin
used at the dose of 8 and 16 nmol/kg/dose. This result was
associated with a significant increase in blood flow (Figs. 2-5)

and DNA synthesis (Figs. 6 and 7) in gingival and lingual
mucosa, as well as with a significant decrease in mucosal
concentration of pro-inflammatory interleukin-1β (Figs. 8 and 9).

Sialoadenectomy alone, without induction of ulcers, has
reduced DNA synthesis, an index of cell proliferation (Figs. 6
and 7) and increased concentration of pro-inflammatory
interleukin-1β (Figs. 8 and 9) in oral mucosa. In these rats,
administration of ghrelin reversed the sialoadenectomy-induced
reduction in cell proliferation (Figs. 6 and 7) and decreased the
sialoadenectomy-induced increase in concentration of pro-
inflammatory intereleukin-1β (Figs. 8 and 9) in gingival and
lingual mucosa. Blood flow in gingival (Figs. 2 and 3) and
lingual (Figs. 4 and 5) mucosa was not affected by
sialoadenectomy applied alone or in combination with ghrelin
administration in rats without induction of oral ulcers.

Extirpation of sublingual and submandibular salivary glands
has decreased the healing rate of gingival (Figs. 10 and 12) and
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Fig. 5. Influence of saline (NaCl) or
ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on
lingual mucosal blood flow in salivary
glands-intact or sialoadenectomized rats
at the sixth day after induction of lingual
ulcers (LU) and/or the start of saline or
ghrelin administration. Mean ± S.E.M..
N=10 in each group of animals.
a P<0.05 compared to saline-treated rats
with intact salivary glands, without
induction of ulcers; b P<0.05 compared
to saline-treated rats with intact salivary
glands and induction of lingual ulcers
(LU); cP<0.05 compared to saline-
treated sialoadenectomized rats with
induction of lingual ulcers (LU).
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Fig. 6. Influence of saline (NaCl) or
ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on DNA
synthesis in gingival mucosa in salivary
glands-intact or sialoadenectomized rats
at the sixth day after induction of
gingival ulcers (GU) and/or the start of
saline or ghrelin administration. Mean ±
S.E.M. N=10 in each group of animals.
a P<0.05 compared to saline-treated rats
with intact salivary glands, without
induction of ulcers; b P<0.05 compared
to saline-treated rats with intact salivary
glands and induction of gingival ulcers
(GU); c P<0.05 compared to saline-
treated sialoadenectomized rats without
induction of ulcers; d P<0.05 compared
to saline-treated sialoadenectomized
rats with induction of gingival ulcers
(GU).



lingual (Figs. 11 and 13) ulcres. This effect was associated with
maximal reduction in blood flow (Figs. 2-5) and DNA synthesis
(Figs. 6 and 7), as well as with maximal increase in
concentration of pro-inflammatory interleukin-1β in oral
mucosa (Figs. 8 and 9), when compared to values observed in
other groups of animals.

Treatment with ghrelin has reversed deleterious effect of
sialoadenectomy. Ghrelin given at the dose of 8 or 16
nmol/kg/dose increased the healing rate of oral ulcers above a
value observed in treated with saline rats with intact salivary
glands (Figs. 10-13). This effect was associated with a
significant improvement of mucosal blood flow (Figs. 2-5) and
DNA synthesis (Figs. 6 and 7), as well as with a reduction in
concentration of pro-inflammatory interleukin-1β (Figs. 8 and 9)
in oral mucosa.

DISCUSSION

Our present study has brought several important findings
concerning the influence of ghrelin administration on the
integrity of oral mucosa and healing of gingival and lingual
ulcers. First of all, we have found that treatment with ghrelin
accelerates healing of oral ulcers in rats with intact salivary
glands. Therapeutic effect of ghrelin was associated with
improvement of mucosal cell proliferation and blood flow, and
reduction in mucosal concentration of proinflammatory
interleukin-1β. Integrity of the mucosa is maintained by
dynamic equilibrium between cell proliferation and cell loss
through exfoliation of surface cells. Cells are produced by
mitosis in the deepest layer and subsequently are moved to
surface where they are shed (45). Insufficient cell production or
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Fig. 7. Influence of saline (NaCl) or
ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on DNA
synthesis in lingual mucosa in salivary
glands-intact or sialoadenectomized rats
at the sixth day after induction of lingual
ulcers (LU) and/or the start of saline or
ghrelin administration. Mean ± S.E.M.
N=10 in each group of animals.
a P<0.05 compared to saline-treated rats
with intact salivary glands, without
induction of ulcers; b P<0.05 compared
to saline-treated rats with intact salivary
glands and induction of lingual ulcers
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treated sialoadenectomized rats without
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rats with induction of lingual ulcers
(LU).
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increased cell loss may lead to atrophy and ulceration. On the
other hand, increased cell proliferation or reduced cell loss may
result in hyperplasia. DNA synthesis, measured by incorporation
of labeled thymidine into DNA, is an index of cell proliferation
(46). Our present study has shown that spontaneous healing of
oral ulcers is associated with a stimulation of DNA synthesis in
gingival and lingual mucosa. Administration of ghrelin has led to
an additional increase in mucosal DNA synthesis. This last
finding indicates that therapeutic effect of ghrelin in the healing
of oral ulcers involves stimulation of cell renewal.

Mucosal blood flow plays an important role in the protection
and healing of mucosa in the gastrointestinal tract (47-49).
Numerous experimental studies have shown that exposure of
gastric mucosa to potentially noxious factors results in little or no
damage, as long as adequate blood flow is maintained, whereas
reduction in mucosal blood flow leads to severe gastric injury

(47). Blood flow contributes to gastric mucosa protection by
supplying the mucosa with oxygen, bicarbonate and nutritious
substances, and by removing of carbon dioxide, hydrogen ions
and other toxic agents diffusing from the gastric lumen and local
improvement of blood flow reduces damage of gastric mucosa
(47-49). The same protective and healing-promoting effect of
blood flow has been also shown in the mucosa of other parts of
gastrointestinal tract such as the esophagus (50), duodenum (19,
20, 51) or colon (52). Our present study has shown that induction
of gingival and lingual ulcers causes initial reduction of mucosal
blood flow followed by subsequent increase in this parameter
during spontaneous healing of these ulcers. Administration of
ghrelin in rats with intact salivary glands significantly improved
mucosal blood, leading to faster healing of gingival and lingual
ulcers. These data indicate that improvement of mucosal blood
flow is involved in therapeutic effect of ghrelin in treatment of
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Fig. 10. Influence of saline (NaCl) or
ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on the
area of gingival ulcers in salivary
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S.E.M. N=10 in each group of animals.
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of gingival ulcers (GU) and treated with
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oral ulcers. This concept is additionally supported by observation
that ghrelin stimulates sprouting new capillary blood vessels and
deficiency of ghrelin is a major cause of the aging-related
impairment of angiogenesis (53). Mechanism of mucosal blood
flow improvement evoked by treatment with ghrelin may be a
result of direct or indirect (e.g. though IGF-1) action of ghrelin on
blood vessels or/and a result of oral mucosa recovery. Previous
studies in the stomach have shown that an increase in mucosal
blood flow can be a cause or/and a result of improvement of
mucosal condition (46-49). An increase in mucosal blood flow
reduces mucosal damage and accelerates ulcer healing, but
simultaneously a reduction in mucosal damage improves mucosal
blood flow. The same relationship is observed between condition
of mucosa and a rate of DNA synthesis. DNA synthesis is an
index of cell proliferation, but also an index of cell vitality.
Stimulation of DNA synthesis leading to an increase in cell
proliferation, accelerates ulcer healing, but on the other hand, an
improvement of mucosal condition increases mucosal DNA
synthesis (19, 20, 46).

Another finding of our present study is observation
concerning the influence of induction of oral ulcers and ghrelin
administration on mucosal concentration of interleukin-1β.
Interleukin-1β is a well known mediator of acute inflammation
and plays a crucial role in the induction of systemic acute phase
response and in the release of other members of the pro-
inflammatory cytokine cascade (54). This interleukin stimulates
production and release next mediators of inflammation such as
tumor necrosis factor, platelet activating factor, prostaglandins
and pro-inflammatory interleukins (54). Numerous studies have
shown that administration of interleukin-1 receptor antagonist
prevents the rise in serum concentration of interleukin-6 and
TNF-α , and decreases severity of systemic inflammation (55-
58). Our study has shown that induction of oral ulcer leads to
initiation of inflammatory process in gingival and lingual
mucosa, and increases mucosal concentration of pro-
inflammatory intereukin-1β. On the other hand, administration of
ghrelin has reduced mucosal concentration of interleukin-1β in
the gum and tongue in rats with oral ulcers. These data indicate
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Fig. 11. Influence of saline (NaCl) or
ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on the
area of lingual ulcers in salivary glands-
intact or sialoadenectomized rats at the
third day after induction of lingual
ulcers (LU) and/or the start of saline or
ghrelin administration. Mean ± S.E.M.
N=10 in each group of animals.
a P<0.05 compared to rats with intact
salivary glands and treated with saline
after induction of ulcers; b P<0.05
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ghrelin given at the dose of 4, 8 or 16
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that ghrelin reduces local inflammatory response in the acetic
acid-induced oral ulcers and this effect seems to be another
mechanism involved in ghrelin's therapeutic effect in oral
mucosa. Anti-inflammatory effect of ghrelin is probably
dependent on local improvement of mucosal condition through
acceleration of cell proliferation and recovery of mucosa, as well
as on direct influence of ghrelin on immune system. Several
immune cells, including human leukemic B, T and myeloid cell
lines, human peripheral lymphocytes and neutrophils, as well as
mouse splenic T cells, exhibit the presence of receptors for
ghrelin, growth hormone secretagogue receptor (GHS-R) (59-
60). Biological action of ghrelin, on the immune system, includes
attenuation of septic shock, promotion of thymopoiesis during
aging in mice, and inhibition of expression of pro-inflammatory
cytokines by human monocytes and T lymphocytes (61-63).
Administration of ghrelin has been also found to reduce
phagocytic activity of peritoneal macrophages in rats exposed to
cold-restraint stress (64).

The important findings our present study are observations
concerning rats with sialoadenectomy. Extirpation of
submandibular and sublingual salivary glands, without induction
of oral ulcers, has reduced DNA synthesis, an index of cell
proliferation, and increased concentration of pro-inflammatory
interleukin-1β in gingival and lingual mucosa. In macroscopic
examination, oral mucosa was dry and red, animals had problem
with mastication and swallowing. In control rats, around 0.8 g of
food per rat per day was not swallowed and in shredded form
was found on the cage bottom. In sialoadenectomized rats,
amount of uneaten and shredded foot was fivefold higher (data
not shown on separate figure). These findings are consistent with
clinical manifestation of xerostomia and indicate that
sialoadenectomized rat can be used as experimental model of
this disease.

In sialoadenectomized rats, administration of ghrelin has
reversed the reduction in oral mucosa cell proliferation and
decreased mucosal concentration of interleukin-1β to a level
observed in control, salivary glands-intact rats. This result
suggests that treatment with ghrelin can be useful in the
protection of oral mucosa against damage in the case of
xerostomia. On the other hand, it should be pointed out that every
kind of therapy exhibits beneficial and side-effects. Our study has
shown that ghrelin stimulates cell proliferation in oral mucosa
and accelerates healing rate of oral ulcers. Growth-promoting

factors regulate essential biological processes, such as cell
proliferation, survival, apoptosis, migration and differentiation.
Previous studies have shown that growth factors and growth
factor signaling pathways are involved in carcinogenesis (65-67).
Ghrelin acts on tissues directly though GHS-R and indirectly by
release of growth hormone and insulin-like growth factor-1 (IGF-
1). Several endocrine and non-endocrine neoplasms express
ghrelin and GHS-R at both mRNA and protein levels (68, 69).
Study performed by Tian et al. (70) has shown that ghrelin
promotes the oncogene CDK6 gene expression, upregulates the
metastasis factor MMP2 expression and represses the tumor
suppressor gene P53 gene expression in human gastric carcinoma
cell lines. This result strongly suggests that treatment with ghrelin
should be avoided in gastric cancer patients. In contrast to that,
there are also studies showing that low baseline concentration of
serum ghrelin is associated with a statistically significant increase
in the risk of gastric noncardia adenocarcinoma and
esophagogastric junctional adenocarcinoma (71).

In sialoadenectomized rats, ulcers of gingival and lingual
mucosa have undergone spontaneous healing, but this process
was significantly reduced when compared with healing of ulcers
in salivary glands-intact rats. Moreover, restoration of mucosal
blood flow and cell renewal was delayed, whereas mucosal
concentration of pro-inflammatory interleukin-1βwas increased.

In sialoadenectomized rats, administration of ghrelin has
accelerated healing of gingival and lingual ulcers. Treatment
with ghrelin given at the dose 4 nmol/kg/dose has restored
healing rate of ulcers to a level observed in rats with intact
salivary glands and this effect was associated with a similar
reduction in mucosal concentration of interleukin-1β. Mucosal
blood flow and mucosal DNA synthesis have reached values
comparable to values observed in control saline-treated rats with
intact salivary glands and without induction of ulcers. Ghrelin
given at the higher doses, 8 and 16 nmol/kg/dose, caused strong
and similar for both doses therapeutic effect in
sialoadenectomized rats. Healing rate of ulcers was higher than
in salivary glands-intact rats treated with saline and this effect
was associated with significant improvement of mucosal cell
proliferation and mucosal blood flow, and significant reduction
in mucosal concentration of interleukin-1β.

It is well known that ghrelin enhances food intake (14) and
food intake is the most important physiological stimulator of
saliva secretion (72). Saliva exhibits protective and healing
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Fig. 13. Influence of saline (NaCl) or
ghrelin given at the dose of 4, 8 or 16
nmol/kg/dose (G4, G8 or G16) on the
area of lingual ulcers in salivary glands-
intact or sialoadenectomized rats at the
sixth day after induction of lingual
ulcers (GU) and/or the start of saline or
ghrelin administration. Mean ± S.E.M.
N=10 in each group of animals.
a P<0.05 compared to rats with intact
salivary glands and treated with saline
after induction of ulcers; b P <0.05
compared to sialoadenectomized rats
and treated with saline after induction of
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promoting effects on oral mucosa and these effects are most
likely related to the presence of growth factors and other
biologically active peptides in saliva (1). Moreover salivary
glands secrete ghrelin and amount of ghrelin in saliva increases
during meal intake (39). These data suggest that therapeutic
effect of exogenous ghrelin in rats with intact salivary glands
may be partly related to stimulation of saliva secretion. However
this mechanism of therapeutic effect of ghrelin in oral ulcer
healing can not be involved in sialoadenectomized rats. The
main physiological function of ghrelin found by Kojima, a
discoverer of ghrelin, is stimulation of growth hormone release
from the anterior pituitary (73). In next step of hormonal axis,
growth hormone stimulates release of insulin-like growth
factor1 (IGF-1) and hepatocyte growth factor (HGF) (74-76).
For this reason, therapeutic effect of ghrelin in oral ulcers may
be direct action through ghrelin's receptor, GHS-R and/or
indirect influence through IGF-1 or HGF receptor.

In summary, the treatment with ghrelin accelerates healing
of oral ulcers in salivary glands-intact rat, as well as in rats with
sialoadenectomy. Mechanisms of therapeutic effect of ghrelin
administration involve an increase in mucosal blood flow, and
cell proliferation, as well as a reduction in local inflammation.
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