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ghrelin in human three major salivary glands and to investigate saliva and serum ghrelin
level and the relation with weight and lipid indices in Chinese children.

Keywords:

Design: Expression and distribution of ghrelin in parotid, submandibular, and sublingual

Ghrelin

glands were measured by reverse transcription-polymerase chain reaction and immuno-

Saliva

histochemistry. Saliva and serum samples were collected from 194 Chinese children and

Children

adolescents (mean age 12.98 years). Ghrelin levels were tested by enzyme-linked immuno-

Obesity

sorbent assay. Significant differences were estimated by one-way ANOVA.
Results: Ghrelin mRNA was expressed in parotid and submandibular glands, but was not
detectable in sublingual glands. Ghrelin proteins were widespread in the cytoplasm of
striated, intercalated and excretory ducts, as well as in serous acini of parotid and submandibular glands, but not in mucous acinar cells of sublingual glands. Saliva and serum
ghrelin levels were increased along with BMI. There was positive correlation between saliva
and serum ghrelin levels (r = 0.534, P < 0.01). Serum and saliva ghrelin levels were both
significantly correlated with BMI (r = 0.523, r = 0.374, P < 0.01, respectively), but not with
blood lipid levels.
Conclusions: Parotid and submandibular glands were primary sources of ghrelin produced
and released in saliva. Although whether salivary ghrelin could be useful in the diagnosis of
obesity remains to be determined, salivary ghrelin might be a possible alternative to serum
ghrelin for predicting obesity.
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1.

Introduction

Overweight or obesity is a serious health issue, especially for
children and adolescents. These age groups may be at greater
risk of metabolic and cardiovascular complications, as well as
increased mortality. The conditions are prevalent in economically developed as well as developing countries, such as
China.1–3
Ghrelin is a human growth-hormone-releasing peptide
with a stimulatory effect on food intake, energy expenditure
and fat accumulation, and thereby contribute to the control of
body weight gain.4,5 Synthesis of ghrelin occurs predominantly in epithelial cells lining the fundus of the stomach, with
smaller amounts produced in the placenta, kidney, pituitary
and hypothalamus.6,7 Human salivary glands such as the
parotid, submandibular, and sublingual glands can also
produce and release ghrelin.8,9 Most reports showed the close
association of serum or plasma ghrelin levels and obesity and
lipid metabolism disorders.10–15 Ghrelin levels are decreased
because of increased calorie intake in patients with obesity
and increased during the fasting state and in patients with
anorexia nervosa.10 Ghrelin administration was found to
improve food intake and weight gain.11,12 Ghrelin injections in
rats had a positive and cumulative effect on food intake, body
weight, and retroperitoneal adipose tissue but not blood total
cholesterol (TC), which suggests the positive association of
ghrelin level and obesity.13 However, the association of ghrelin
level and obesity is a matter of debate. Nieminen and
Mustonen14 found ghrelin levels correlated with the plasma
level of high-density lipoprotein (HDL) in voles. Fagerberg
et al.15 showed that although ghrelin level was positively
related to levels of HDL, the association did not remain after
adjustment for body fat. Park et al.16 reported that fasting
plasma ghrelin levels were negatively correlated with weight,
body mass index (BMI), percent body fat, waist circumference,
hip circumference, and triglyceride (TG) level and positively
correlated with HDL level. In vitro, ghrelin was found to
suppress an adipogenic effect.17 Wang and Zhang18 found
plasma ghrelin level negatively related to weight, BMI and TC
level.
Saliva is often used as a testing source.19 Saliva testing does
not injure blood vessels of patients and avoids cross-infection.
Therefore, saliva testing is preferred over blood testing,
especially for children, adolescents and their families. Some
reports suggest an association of ghrelin level in saliva and
serum, in terms of the feasibility of saliva-testing replacing
blood samples. Gröschl et al.8 found concentrations of ghrelin
lower in saliva than in serum. However, Aydin et al.9 reported
salivary ghrelin levels higher than plasma ghrelin levels,
which is consistent with the work of Cetinkaya et al.20 Despite
the above differences, saliva might be a possible alternative to
serum for ghrelin testing because of the possible close
relationship in levels. However, the results of these studies
have been limited by the small sample sizes.
In the present study, we aimed to explore the expression
pattern of ghrelin in 3 major salivary glands. We also aimed
to investigate the association of salivary and serum ghrelin
levels and the relation with body weight and lipid indices in a
large sample of Chinese children and adolescents with
different weights.

2.

Materials and methods

2.1.
PCR)

Reverse transcription-polymerase chain reaction (RT-

Parotid, submandibular and sublingual glands excised during
tumour surgery were used as the source of salivary gland tissue
for this study. As malignant tissue is dissected with sufficient
safety margins, some normal healthy tissue is included. Gland
tissue confirmed to be histologically normal was selected for
this study. Total RNA from glands was purified with the use of
Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. RNA preparations were treated
with DNase I to remove contamination by genomic DNA before
RT-PCR. cDNA was prepared from 4 mg of total RNA with use the
of M-MLV reverse transcriptase (Promega, Madison, WI) and
primed with oligo dT. PCR amplification involved 1 cycle at 94 8C
for 5 min, then 40 cycles of 94 8C for 45 s, 55 8C for 45 s, and 72 8C
for 45 s. The sense and antisense primers for ghrelin
(NM_000738), and b-actin were 50 -GCCCACCTGTCTGCAACCCAGCTGA-30 and 50 -CTGGACTCTCTGGTGTTCAGG-30 , 50 TCCTCCCTGGAGAAGAGCTA-30 and 50 -TCAGGAGGAGCAATGATCTTG-30 , respectively. b-actin was used as an internal
standard. The amplification products were visualized on 1.5%
agarose gel with ethidium bromide and sequenced to confirm
their identities.21

2.2.

Immunohistochemistry

Glandular tissue samples dissected from 10 human parotid,
10 submandibular, and 10 sublingual glands as described in
Section 2.1 above were fixed in 10% (v/v) neutral buffered
formalin, then dehydrated in a graded series of ethanol
solutions and embedded in paraffin. The paraffin-embedded
samples were cut into 4 mm sections. The sections were
deparaffinised in xylenes two times for 30 min each,
hydrated gradually through graded series of alcohols
(100% ethanol two times for 5 min each, then 95%, 85%,
75% ethanol for 5 min each time), and rinsed in distilled
water for 1 min. Deparaffinised sections were treated with
3% H2O2 for 10 min at 37 8C and then rinsed in phosphate
balanced solution (PBS) three times for 5 min each time.
Then the slides were incubated with normal serum for 1.5 h
at 37 8C to block non-specific binding of antibody. After the
sections were rinsed with buffer, rabbit anti-human ghrelin
antiserum (Phoenix Pharmaceuticals, USA) was added and
incubated for 2 h at room temperature in a humid box. After
a buffer rinse, rhodamine red-tagged goat anti-rabbit IgG
and peroxidase complex were applied. For the diaminobenzidine staining step, the slides were coloured for 40 s, and
then the nucleus were counterstained with haematoxylin
for 6 s. After a final washing step, the sections were put on
coverslips and observed under a light microscope (Olympus
CX31). For negative controls, the primary antibody was
replaced with PBS.

2.3.

Study population and protocol

We included 194 healthy volunteers (range 7–18 years). They
visited our hospital for orthodontic treatment. Standing height
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and weight were measured, and BMI was calculated as BMI = kg/
m2. All measurements were obtained by the same experienced
staff member. Subjects were not receiving regular medication
and were systemically healthy without metabolic syndrome.
Levels of alanine aminotransferase, serum total protein, serum
albumin, and ratio of leukocytes to erythrocytes were within
normal ranges, and subjects were negative for hepatitis B and C
antigens. Subjects with secondary obesity induced by endocrine
disease or with abnormal liver function or exposure to smoking
were excluded. The research protocol was approved by Ethics
Committee of Peking University Health Science Centre and all
parents of volunteers signed an informed consent documents to
participate in the study.
The BMI range varies with the age and sex of children and
adolescents. According to the World Health Organization
criteria for BMI,22 subjects were divided into 4 groups: lean
(n = 79), normal (n = 33), overweight (n = 37) and obesity (n = 45).

2.4.

Saliva collection

Serum and saliva samples were collected simultaneously
between 8:30 and 10:00 am. Subjects could not eat, drink, or
smoke before the collection of saliva. Blood samples (2 ml)
were collected into plastic EDTA–Na2 tubes and centrifuged for
10 min at 5000 rpm at 4 8C, and then serum samples were
removed and transferred to new tubes.
Non-stimulated whole saliva was collected as routine.
After subjects were advised to rinse their mouths with water
thoroughly, they bent their heads forward for 10 min to allow
saliva to flow into disposable cups. The saliva samples were
immediately transferred into new tubes, centrifuged for
15 min at 1300 rpm at 4 8C; the supernatant was removed
and transferred to new tubes. The storage time in the 4 8C
environment was limited to 2 h. Each supernatant was divided
into 4 aliquots, and all samples were stored at 80 8C until
analysis.

2.5.
Enzyme-linked immunosorbent assay (ELISA) for
ghrelin

the enzymatic clearance method. The reference values of TC,
TG, HDL and LDL for healthy Chinese were 3.10–5.70, 0.45–1.70,
0.90–1.68 and 2.08–3.64 mmol/L, respectively.

2.7.

2.6.

Statistical analysis

Statistical analysis involved use of SPSS v13.0 for Windows
(SPSS Inc., Chicago, IL). All values were reported as
means  SD. Significant differences were estimated by oneway ANOVA followed by the Student–Newman–Keuls test.
LSD post hoc assay was used when equal variances were
assumed, otherwise Dunnett’s T3 test was used. Correlations
were estimated by bivariate correlation analysis. P < 0.05 was
considered statistically significant.

3.

Results

3.1.

Expression and distribution of ghrelin

Expression of ghrelin mRNA was investigated in 3 human
major salivary glands. As shown in Fig. 1, ghrelin mRNA was
identified at the expected size of 137 bp in parotid and
submandibular glands, whereas expression of ghrelin mRNA
was not detectable in sublingual glands.
Immunohistochemistry demonstrated ghrelin distribution
in the cytoplasm of striated and intercalated ducts of glands,
as well as excretory ducts and some serous acini. In parotid
gland (Fig. 2A), ghrelin was expressed strongly in the striated
and intercalated ducts, with weak staining in serous acini.
This expression pattern was obvious in submandibular gland,
cells throughout the entire duct system showed strong
staining. However, in the structure of mixed acini, serous
acinar cells were weak staining, whereas mucous acinar cells
were not stained (Fig. 2B). In sublingual gland, staining in the
striated ducts was weaker than those in parotid and
submandibular glands, whereas mucous acini were not
stained (Fig. 2C).

3.2.
The ghrelin level was measured with a commercial ELISA kit
according to the manufacturer’s instructions (USCN Life
Science & Technology, USA) and the report of Germain
et al.23 Saliva and serum samples for each subject were
measured simultaneously in the same experimental set. The
minimum detectable dose of ghrelin for this assay was
typically less than 7.8 pg/ml. The sensitivity of this assay
was defined as the lowest detectable concentration that could
be differentiated from zero. The detection range of this kit was
31.2–2000 pg/ml. The standard curve concentrations used for
the ELISA were 2000, 1000, 500, 250, 125, 62.5, and 31.2 pg/ml.
The linear results indicated the reliability of salivary and
serum measurements.

3

Demographic characteristics and blood lipid levels

The demographic data for the 194 subjects are shown in
Table 1. The BMI values ranged from 11.53 to 33.98 kg/m2.
The subjects were divided into 4 groups according to the
World Health Organization criteria for BMI.22 The lipid
profiles were given in Table 2. TC level in overweight group
was higher than lean and normal-weight groups, however,
the difference was not statistically significant. TC level of

Measurement of blood lipid levels

Levels of lipid metabolism indicators, such as TC, TG, HDL and
LDL cholesterol, were all tested by use of the automatic analyzer
HITACHI 7180 (Japan). TC and TG levels were measured by
enzymatic colorimetry. HDL and LDL levels were determined by

Fig. 1 – RT-PCR analysis of mRNA expression of ghrelin in
human salivary glands. Ghrelin mRNA was observed at
the expected size of 137 bp in parotid and submandibular
glands. Lane 1, DNA marker; lane 2, parotid gland; lane 3,
submandibular gland; lane 4, sublingual gland.
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Fig. 3 – Ghrelin levels in serum and saliva of subjects.
Values are mean W SD. **P < 0.01 compared with serum
ghrelin levels between same BMI groups. #P < 0.05 and
##
P < 0.01 compared with serum ghrelin level of lean
group. yP < 0.05 and yyP < 0.01 compared with saliva ghrelin
level of lean group (one-way ANOVA followed by the
Student–Newman–Keuls test).

P < 0.01). HDL and LDL cholesterol levels did not differ
significantly between normal and overweight groups.

3.3.

Fig. 2 – Ghrelin expression in parotid (A), submandibular (B)
and sublingual (C) glands. Ghrelin protein was strongly
positively stained in the striated ducts (SD), intercalated
ducts (ID) and excretory ducts (ED), whilst weakly stained
in serous acini (SA) and no stain in mucous acini (MA). The
contrast of SA and MA was obvious in the structure of
mixed acini (MXA) in submandibular glands.
Magnification 200T.

obese subjects was higher than lean and normal subjects
(P < 0.05). TG level was significantly higher for overweight
than lean and normal subjects (P < 0.05), and further
increased in obese subjects (P < 0.01). Moreover, the obese
subjects had lower HDL cholesterol levels and higher LDL
cholesterol levels than those of lean subjects (P < 0.05 or

Serum and saliva ghrelin levels

Concentrations of serum ghrelin ranged from 0.87 to 434.28 pg/
ml and concentrations of salivary ghrelin ranged from 0.06 to
1602.97 pg/ml amongst 194 subjects. The ghrelin level in serum
was significantly lower than that in saliva (67.98  75.90 vs.
211.61  356.21 pg/ml, P < 0.01), but the variance of the latter
was also larger than that of the former. When the subjects were
divided into groups according to their BMI, the results showed
that serum ghrelin level for lean subjects was significantly lower
than those in normal-weight (P < 0.05), overweight (P < 0.01),
and obese subjects (P < 0.01) (Fig. 3). The saliva ghrelin level was
also lower for lean subjects than for the other 3 groups (P < 0.05,
P < 0.05, and P < 0.01, respectively). There was a significant
linear correlation between salivary and serum ghrelin (r = 0.534,
P < 0.01). Additionally, both serum and saliva ghrelin levels
were significantly correlated with BMI (r = 0.523 or r = 0.374,
P < 0.01, respectively). However, serum and salivary ghrelin
levels were not associated with levels of lipid metabolism
markers.

4.

Discussion

It has been reported that expressions of ghrelin mRNA and
protein were detected in human parotid, submandibular,
and sublingual glands.8 In the present study, we confirmed
that ghrelin was mainly expressed in human parotid and
submandibular gland, whereas expression of ghrelin was
much weak or even not detectable in sublingual glands.
Parotid gland is composed of serous acini, submandibular
gland contains mixed acini, whereas sublingual gland is
composed of mucous acini. Immunohistochemistry further
demonstrated that ghrelin was widespread in striated,
intercalated, and excretory ducts, as well as serous acinar
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Table 1 – Demographic characteristics of subjects.
Parameters
Gender (no. boys/girls)
Age (yrs)
Weight (kg)
Height (m)
BMI (kg/m2)

Lean (n = 79)

Normal (n = 33)

Overweight (n = 37)

Obese (n = 45)

29/50
12.51  2.18
42.00  9.66
1.56  0.11
16.94  2.03

14/19
13.06  2.12
54.44  10.32
1.60  0.10
21.17  1.88

23/14
13.49  2.10
65.83  10.65
1.63  0.10
24.62  1.97

38/7
13.36  2.41
78.83  15.25
1.65  0.12
28.63  2.73

Total (n = 194)
104/90
12.98  2.23
57.17  18.65
1.60  0.11
21.82  5.17

Data are means  SD unless indicated. BMI: body mass index. The grouping of subjects was according to the World Health Organization
criteria for BMI.22

Table 2 – Lipid metabolism indicators.
Indicators
TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)

Lean (n = 18)

Normal (n = 19)

Overweight (n = 28)

3.83  0.56
1.22  0.32
1.44  0.27
1.93  0.38

3.84  0.60
1.17  0.38
1.34  0.27
2.22  0.62

4.10  0.44
1.52  0.45*,y
1.34  0.18
2.28  0.54

Obese (n = 41)
4.19  0.77*,y
1.73  0.82**,yy
1.30  0.23*
2.42  0.67**

TC: total cholesterol; TG: triglyderide; HDL: high-density lipoprotein; LDL: low-density lipoprotein. The grouping of subjects was according to
the World Health Organization criteria for BMI.22 Values are means  SD.
*
P < 0.05.
**
P < 0.01 compared with lean group.
y
P < 0.05.
yy
P < 0.01 compared with normal group (one-way ANOVA followed by the Student–Newman–Keuls test).

cells, but not mucous acinar cells, suggesting that parotid
and submandibular glands were primary sources of ghrelin
produced and released in saliva.
The values of serum and saliva ghrelin are varied in the
literature. The present data showed that serum ghrelin
(67.98  75.90 pg/ml) and saliva ghrelin (211.61  356.21 pg/ml)
levels in Chinese children and adolescents were similar to those
from other published reports,9,20,24 and saliva ghrelin level was
higher than serum level. Gröschl et al.8 reported that the
concentration of total ghrelin in saliva ranged from 10 to 198 pg/
ml, which was lower than that in serum. However, another
study indicated that saliva ghrelin levels (190.3  80.2 pg/ml)
were higher than plasma levels (120.4  35.7 pg/ml) in young
males.9 These discrepancies may be associated with a multitude
of factors such as different treatments of the samples, storage
time, reagents, or the selection of subject population.
Studies have shown lower ghrelin concentrations in obese
than lean subjects.8,25,26 Aydin et al. found that saliva ghrelin
level was lower in obese and non-obese subjects with type II
diabetes than in controls.27 Fagerberg et al.15 reported that
ghrelin level negatively correlated with body fat and waist
circumference. Body fatness was the strongest determinant
of circulating ghrelin level. BMI does not indicate body fat
directly, but research has shown that BMI is correlated with
direct measures of body fat.28 BMI is a reliable indicator of
body fatness for most children and adolescents. Additionally,
BMI is an inexpensive and easy-to-perform method of
screening for weight categories that may lead to health
problems. The pathogenesis of obesity has not yet been fully
elucidated. In the present study, salivary and serum ghrelin
levels were significantly correlated with BMI but not TC, TG,
HDL, or LDL levels. Saliva has been increasingly used as a
diagnostic fluid and in predictions of disease progression in
the last decade.29 Measurement of ghrelin in saliva is noninvasive, simple, and in general preferred by patients. The

results showed that serum and saliva ghrelin levels were
correlated with BMI, suggesting salivary collection may be an
acceptable alternative to serum sampling. However, saliva
ghrelin values were subject to variation, so the stability of
saliva data should be improved.

5.

Conclusion

Our data demonstrate that parotid and submandibular
glands were primary sources of ghrelin produced and
released in saliva. Ghrelin was mainly located in the entire
duct system and in serous acinar cells, but not in mucous
acinar cells. Saliva ghrelin level was correlated with serum
ghrelin level and BMI, suggesting salivary ghrelin might be a
possible alternative to serum ghrelin for predicting obesity.
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