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Abstract
AIM: To determine the expression levels of gastrointes-
tinal nesfatin-1 in ventromedial hypothalamic nucleus 
(VMH)-lesioned (obese) and ventrolateral hypothalamic 
nucleus (VLH)-lesioned (lean) rats that exhibit an im-
balance in their energy metabolism and gastric mobility. 

METHODS: Male Wistar rats were randomly divided 
into a VMH-lesioned group, a VLH-lesioned group, and 
their respective sham-operated groups. The animals 
had free access to food and water, and their diets and 

weights were monitored after surgery. Reverse tran-
scription-polymerase chain reaction and immunostain-
ing were used to analyse the levels of NUCB2 mRNA 
and nesfatin-1 immunoreactive (IR) cells in the stom-
ach, duodenum, small intestine, and colon, respectively. 
Gastric emptying was also assessed using a modified 
phenol red-methylcellulose recovery method. 

RESULTS: The VMH-lesioned rats fed normal chow ex-
hibited markedly greater food intake and body weight 
gain, whereas the VLH-lesioned rats exhibited markedly 
lower food intake and body weight gain. NUCB2/nes-
fatin-1 IR cells were localised in the lower third and 
middle portion of the gastric mucosal gland and in the 
submucous layer of the enteric tract. Compared with 
their respective controls, gastric emptying was en-
hanced in the VMH-lesioned rats (85.94% ± 2.27%), 
whereas the VLH lesions exhibited inhibitory effects 
on gastric emptying (29.12% ± 1.62%). In the VMH-
lesioned rats, the levels of NUCB2 mRNA and nesfatin-1 
protein were significantly increased in the stomach and 
duodenum and reduced in the small intestine. In addi-
tion, the levels of NUCB2 mRNA and nesfatin-1 protein 
in the VLH-lesioned rats were decreased in the stom-
ach, duodenum, and small intestine. 

CONCLUSION: Our study demonstrated that nesfa-
tin-1 level in the stomach and duodenum is positively 
correlated with body mass. Additionally, there is a posi-
tive relationship between gastric emptying and body 
mass. The results of this study indicate that gastroin-
testinal nesfatin-1 may play a significant role in gastric 
mobility and energy homeostasis.
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supported by the inhibition of  gastric emptying observed 
after the central administration of  the peptide[7,14]. It is 
possible that gastric mobility participates in the process 
underlying imbalances in the energy metabolism corre-
lated with nesfatin-1. The electrolytic lesions of  the bi-
lateral ventromedial nuclei and ventrolateral nuclei in the 
hypothalamus are known to cause obese and lean rats, 
respectively[15]. Unlike congenitally obese and lean ani-
mals, the lesioned rats present an increased and decreased 
body weight gain, respectively[16-18]. In this study, to assess 
the mechanisms regulating body weight homeostasis, we 
hypothesise that nesfatin-1 in the gastrointestinal tract 
exhibits functional relevance with ventromedial hypotha-
lamic nucleus (VMH)-lesioned polyphagia or obesity and 
VLH-lesioned anorexia or frailty.

MATERIALS AND METHODS
Animals
Adult male Wistar rats (240-250 g) were purchased from 
the Qingdao Institute for Drug Control and housed 
in a temperature-controlled environment with a 12-h 
light/12-h dark cycle with access to laboratory chow and 
water ad libitum. All of  the rats were allowed to adapt to 
the laboratory for 7-10 d before being used in the experi-
ments. Our study protocol was approved by the Qingdao 
University Animal Care Committee.

VMH and VLH lesions
For the VMH and VLH surgical procedures, the rats 
were anaesthetised with 10% chloral hydrate (0.3 mL/100 
g i.p.) The coordinate was selected from the atlas of  Paxi-
nos and Watson. The flat-skull position of  the rats was 
achieved when the incisor bar was lowered 3.3 ± 0.4 mm 
below the horizontal zero. The stereotaxic coordinates of  
the VMH were 2.8 mm posterior to the bregma, 0.6 mm 
lateral to the midline, and 9.6 mm ventral to the top of  
the skull. For the VLH, the electrode was placed 1.3 mm 
posterior to the bregma, 0.18 mm lateral to the midline, 
and 8.9 mm ventral to the skull. Bilateral VMH and VLH 
were produced by passing an anodal direct current (2 mA 
for 10 s) through the exposed tips of  insulated nickel-
cadmium electrodes (0.3 mm at the tip). The control ani-
mals received sham VMH lesions (no current was passed 
through the electrode). After surgery, the animals had 
free access to food and water, and their diet and weight 
were monitored. On day 21 post lesion, the brain of  each 
rat was removed, fixed in paraformaldehyde, sectioned, 
pathologically stained, and examined microscopically to 
confirm the sites of  VMH and VLH. Those animals in 
which the nuclei were not destroyed on both sides were 
not analysed.

Measurement of gastric emptying
Gastric emptying was assessed using a modified phenol 
red-methylcellulose recovery method. The rats were de-
prived of  food but had free access to tap water for 16 
h before the experiments. The non-absorbable dilution, 
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Core tip: We report that nesfatin-1 level in the stomach 
and duodenum is positively correlated with body mass. 
To our knowledge, this is the first time to detect the 
nesfatin-1 level in the duodenum, small intestine and 
colon with traditional obese and lean subjects induced 
by nuclei lesions. Additionally, the data of gastric ne-
fatin-1 expression are an objective supplement to the 
previous report. Notably, we also show a positive rela-
tionship between gastric emptying and body mass. Fur-
ther, it is possible that the expression level of gastroin-
testinal nesfatin-1 may be used to diagnose the gastric 
mobility disorder and metabolism disturbance.

Tian ZB, Deng RJ, Sun GR, Wei LZ, Kong XJ, Ding XL, Jing 
X, Zhang CP, Ge YL. Expression of gastrointestinal nesfatin-1 
and gastric emptying in ventromedial hypothalamic nucleus- 
and ventrolateral hypothalamic nucleus-lesioned rats. World J 
Gastroenterol 2014; 20(22): 6897-6905  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v20/i22/6897.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v20.i22.6897

INTRODUCTION
The energy balance and homeostasis of  the body are 
maintained when the energy intake equals the energy 
expenditure over an extended period of  time with a 
steady-state plateau of  body weight, including the adap-
tive adjustment of  appetitive factors and gastrointestinal 
mobility. Anabolic and catabolic neuropeptides acting at 
either cerebral or peripheral sites contribute to the regula-
tion of  the energy balance[1-3].

Nesfatin-1, which is an 82-amino-acid peptide derived 
from nucleobindin-2 (NUCB2), was initially identified 
as an anorectic hypothalamic neuropeptide by Oh-l and 
coworkers[4]. As a brain-gut peptide, nesfatin/NUCB2 is 
expressed in appetite-control hypothalamic nuclei, such 
as the supraoptic nucleus (SON), the paraventricular 
nucleus, the arcuate nucleus, the ventrolateral nucleus 
(VLH) of  the hypothalamus, and the nuclei of  the soli-
tary tract and zona incerta of  rats[5,6]. Additionally, pe-
ripheral tissues, such as the oesophagus, gastrointestinal 
tract, liver, endocrine pancreas, adipose, serum, and testis, 
exhibit multiple peptidergic correlations[7-10]. The intra-
cerebroventricular administration of  nesfatin-1 reduces 
dark-phase feeding in a dose-dependent manner, whereas 
the injection of  an antibody that neutralises nesfatin-1 
stimulates appetite in mice[4]. The chronic administration 
of  nesfatin-1 into the periphery significantly decreases 
body weight gain in rodents. Thus, it was proposed that 
the systemic or local administration of  nesfatin-1 and its 
analogues may treat obesity in the clinic[11].

In previous years, many efforts have been made to 
document the expression of  NUCB2/nesfatin-1 in hy-
pothalamic areas with essential roles in food intake con-
trol[5,6,12,13]. Notably, central nesfatin-1 can influence gas-
tric mobility and feeding behaviour, and this hypothesis is 



which consisted of  continuously stirred 1.5% methylcel-
lulose (wt/vol) with phenol red (50 mg/100 mL), was 
given intragastrically through a stainless steel feeding tube 
equipped with a 2-mL syringe to conscious rats. The rats 
were sacrificed 15 min later through CO2 inhalation. The 
abdominal cavity was opened, the gastric cardia and pylo-
rus were clamped, and the stomach was removed, rinsed, 
and placed into 20 mL of  distilled water. The gastric 
contents were homogenised with 20 mL of  0.5 mol/L 
NaOH solution through electric agitation for 1 min and 
allowed to settle for 60 min at room temperature. Then, 
5 mL of  the supernatant was added to 0.5 mL of  20% 
trichloroacetic acid (wt/vol), and the mixture was centri-
fuged for 10 min (3500 rpm). The standard 0% emptying 
was defined by homogenisation through the above-men-
tioned extracorporeal operation. All of  the samples were 
analysed by spectrophotometry at 560 nm to determine 
the absorbance values. Gastric emptying was calculated as 
percent emptying = (1 - absorbance of  test sample/ab-
sorbance of  standard).

Immunohistochemical and immunofluorescence 
staining 
After the animals were sacrificed, the stomach, duode-
num, small intestine, and colon were quickly resected, 
transferred to 4% paraformaldehyde, and fixed at 4 ℃ for 
24 h. After dehydration through an ethanol-xylene series, 
the specimens were embedded in paraffin. The paraffin 
sections were then cut, dewaxed, rehydrated through a 
graded xylene-alcohol series (once in each of  the follow-
ing: 95% ethanol, 70% ethanol, and 50% ethanol; 5 min 
in each solution; 25 ℃), and subjected to antigen retrieval 
in citrate buffer (pH 6.0). The endogenous peroxidase 
was inactivated with 3% hydrogen peroxide in PBS for 
10 min. The sections were subsequently incubated with 
the primary rabbit anti-mouse antibody (1:1000 dilution; 
H-003-22, Phoenix Pharmaceuticals) for 1 h at room 
temperature. After washing, the tissue was incubated with 
a goat anti-rabbit antibody (30 min; PV-6001, Beijing, 
Zhongshan Jinqiao). The sections were finally cover-
slipped with neutral gum mounting and observed and 
photomicrographed under an optical microscope (CX31, 
Olympus Corp, Tokyo, Japan). In addition, the number 
of  nesfatin-1-positive cells was counted and compared 
between groups. The percentage of  nesfatin-1-positive 
cells was determined using Image Pro Plus software (Me-
dia Cybernetics, United States) 

For immunofluorescent double-staining, the sections 
were prepared as described above, incubated with rabbit 
polyclonal anti-nucleobindin antibody (ab125260, Abcam 
Corp.) and goat anti-rabbit antibody (ZF0311, Beijing, 
Zhongshan Jinqiao), and analysed by fluorescence mi-
croscopy.

Real-time RT-PCR analysis of NUCB2 mRNA expression
The gastric, duodenal, small intestinal, and colonic tissues 
were removed quickly after the animals were sacrificed, 
immediately immersed into RNA preserving solution, 

and conserved at -80 ℃. The total RNA was extracted 
from the samples using the TRIzol® RNA isolation re-
agent according to the manufacturer’s instructions, and 
the concentration and purity of  the mRNA were verified 
by spectrophotometry and agarose gel electrophoresis, 
respectively. Only those samples with an absorption ratio 
(OD 260 nm/OD 280 nm) greater than 1.7 were used 
for cDNA synthesis. The cDNA was obtained using 
a reverse transcription kit (Takara Bio Inc.) according 
to the supplier’s manual and directly used as templates 
for PCR amplification. For the analysis of  normalised 
mRNA expression, β-actin was used as a housekeeping 
gene. The primer sequences were as follows: β-actin for-
ward, 5’-GGAGAT-TACTGCCCTGGCTCCTA-3’ and 
reverse, 5’-GACT-CATCGTACTCCTGCTTGCTG-3’; 
NUCB2 forward, 5’-CAGTTTGAA-CACCTGAAC-
CACCA-3’ and reverse, 5’-TCATGCC-GAGTCCGGT-
CATA-3’. The amplification of  the genes consisted of  40 
cycles of  predenaturation at 95 ℃ for 30 s, denaturation 
at 95 ℃ for 3 s, primer annealing at 60 ℃ for 30 s, and 
elongation at 72 ℃ for 30 s and was performed on a real-
time PCR instrument (RotorGene 3000, Australia).

Statistical analysis
The statistical significance for all of  the analyses was de-
termined by one-way ANOVA followed by Scheffe’s F-test, 
and data were analysed using an independent t test. All 
of  the data in the figures are expressed as mean ± SE of  
the mean. Differences with a P value less than 0.05 were 
considered significant.

RESULTS
Effects of VMH and VLH on food intake and body weight
The daily food intake and body weight gain were moni-
tored and calculated on days 3, 7, 14, and 21 after the op-
eration, and the lesions were confirmed by pathological 
staining (Table 1, Figure 1). The data from those rats with 
misplaced lesions were discarded. As shown in Table 1, 
the rats with bilateral VMH lesions consumed more food 
and gained greater weight than the sham-operated rats, 
whereas the VLH-lesioned group exhibited the opposite 
trend. The diversities in the weight tended to be further 
enlarged with continued growth (Figure 1), and the dif-
ferences between the matched groups reached statistical 
significance (P < 0.01), which is consistent with previous 
observations in rodents[16,17]. The total body weight and 
ingestion observed in the VLH-sham rats (sham-VLH-
lesioned rats) were somewhat higher than those observed 
in the VMH-shams, but this difference was not signifi-
cant (P > 0.05).
 
Gastric emptying rate of phenol red solution
The amount of  phenol red recovered from the stomach 
was negatively correlated with the gastric empting rate. 
Compared with the calculated output of  gastric emptying 
for each control animal, the VMH-lesioned rats exhibited 
increased values (85.94% ± 2.27% vs 61.66% ± 2.28%, P 
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Table 1  Daily food intake and cumulative body weight gain on days 3, 7, 14, and 21 post ventromedial hypothalamic nucleus and 
ventrolateral hypothalamic nucleus lesioning in rats

Daily food intake (g) Body weight gain (g)

Day 3 Day 7 Day 14 Day 21 Day 3 Day 7 Day 14 Day 21

VMH 33.46 ± 1.96 35.85 ± 1.88 33.42 ± 1.25 36.21 ± 1.51 35.02 ± 3.46 70.07 ± 3.51 118.72 ± 3.23 184.36 ± 4.28
Sham 1  24.71 ± 1.89b  26.39 ± 0.82b  27.73 ± 0.95b  25.26 ± 1.76b    8.14 ± 3.47b  31.40 ± 2.48b    68.57 ± 2.31b  111.02 ± 3.34b

VLH   8.50 ± 1.20 16.16 ± 0.83 17.44 ± 1.54 17.25 ± 1.20   0.58 ± 1.08 18.35 ± 1.15   45.05 ± 2.58   66.43 ± 2.34
Sham 2  26.31 ± 0.86b  29.06 ± 1.69b  29.30 ± 0.51b  26.89 ± 1.01b  18.57 ± 2.44d  37.54 ± 2.48d    81.80 ± 2.29d  116.72 ± 3.25d

The values are mean ± SE (n = 6 rats per group). bP < 0.01 vs sham-operated rats; dP < 0.01 vs sham-operated rats. VLH: Ventrolateral nucleus; VMH: Ven-
tromedial hypothalamic nucleus.
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Figure 1  Changes in the body weight and daily food intake between hypothalamic nucleus-lesioned and sham-operated rats. A: Body weight on days 3, 7, 
14, and 21 post the operation; B: Daily food intake on days 3, 7, 14, and 21 post the operation. VMH: Ventromedial hypothalamic nucleus; VLH: Ventrolateral hypotha-
lamic nucleus.

the location of  the protein, immunofluorescence (Figure 
4) was also examined. Figure 3 shows that NUCB2/nes-
fatin-1 IR cells were mainly localised in the lower two-
thirds of  gastric mucosal glands (A-D), Paneth cells of  
the duodenum (E-H), and the small intestine (I-L) (brown 
stating). The same localisation was also obtained by im-
munofluorescence (green fluorescence; Figure 4). In our 
experiment, the immunostaining of  NUCB2/nesfatin-1 
immunoreactive cells was undetectable in the colon tissue. 
In VMH-lesioned rats, the proportion of  nesfatin-1-pos-
itive cells amounted to 24.74% ± 3.54% per observation 
field in the stomach (Figure 3A), 17.40% ± 1.52 % in the 
duodenum (Figure 3E), and 11.01% ± 1.54% in the small 
intestine (Figure 3I) compared with the stomach (16.57% 
± 1.77%; Figure 4B), duodenum (12.24% ± 1.34%; 
Figure 4F) and small intestine (16.16% ± 1.41%; Figure 
4J; P < 0.01) of  the control rats. The VLH-lesioned rats 
showed a decreased percentage of  nesfatin-1-positive 
cells in the stomach (Figure 3C), duodenum (Figure 3G), 
and small intestine (Figure 3K) than the control group 
(Figure 3D, H, and L; 8.53% ± 1.59% vs 15.79% ± 1.83%, 
8.03% ± 0.98% vs 12.06% ± 1.74%, and 11.18% ± 1.36% 
vs 15.37% ± 14.17%, respectively; P < 0.01). The im-
munofluorescence results tend to correspond with the 
diversities in the nesfatin-1 peptide observed between 
different groups by immunohistochemistry. To further 
investigate the differences in NUCB2/nesfatin-1 protein 
in the nuclei-lesioned rats and the control groups, real-
time PCR techniques were used to quantify the NUCB2 

< 0.01), whereas the VLH-lesioned rats exhibited lower 
gastric emptying values (29.12% ± 1.62% vs 61.08% ± 
2.46%, P < 0.01; Figure 2).

Immunohistochemistry and immunofluorescence of 
NUCB2/Nesfatin-1 in gastrointestinal tissues
The immunolocalisation of  the nesfatin-1 peptide in the 
stomach, duodenum, and small intestine of  rats is shown 
in Figure 3. To reduce the feasibility of  any unspecific 
reaction induced by the goat antibody and to confirm 

G
as

tr
ic

 e
m

pt
yi

ng
 (

%
)

b

d

VMH              Sham 1              VLH              Sham 2

100

80

60

40

20

0

Figure 2  Effects of ventromedial hypothalamic nucleus and ventrolateral 
hypothalamic nucleus lesions on gastric emptying rate in rats. The values 
represent mean ± SE (n = 6); bP < 0.01 and dP < 0.01 vs sham-operated rats. 
VMH: Ventromedial hypothalamic nucleus; VLH: Ventrolateral hypothalamic 
nucleus.

Tian ZB et al . Gastrointestinal nesfatin-1 and gastric emptying



6901 June 14, 2014|Volume 20|Issue 22|WJG|www.wjgnet.com

Figure 3  Immunohistochemical localisation of nesfatin-1 in the gastrointestinal tissues. A-D: Nesfatin-1 IR cells (brown) in the stomach of VMH-lesioned, 
VMH-sham, VLH-lesioned, and VLH-sham rats, respectively; E-H: Nesfatin-1 IR cells (brown) in the duodenum of VMH-lesioned, VMH-sham, VLH-lesioned, and VLH-
sham rats, respectively; I-L: Nesfatin-1 IR cells (brown) in the small intestine of VMH-lesioned, VMH-sham, VLH-lesioned, and VLH-sham rats, respectively. All of the 
magnifications are × 200 with the exception of the stomach, which is × 100. VMH: Ventromedial hypothalamic nucleus; VLH: Ventrolateral hypothalamic nucleus; IR: 
Immunoreactive.
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Figure 4  Immunofluorescence localisation of nesfatin-1 in the gastrointestinal tissue. A-D: Nesfatin-1 IR cells (arrow; enhanced green) in the stomach of VMH-
lesioned, VMH-sham, VLH-lesioned, and VLH-sham rats, respectively; E-H: Nesfatin-1 IR cells (arrow; enhanced green) in the duodenum of VMH-lesioned, VMH-
sham, VLH-lesioned, and VLH-sham rats, respectively; I-L: Nesfatin-1 IR cells (arrow; enhanced green) in the small intestine of VMH-lesioned, VMH-sham, VLH-
lesioned, and VLH-sham rats, respectively. All of the magnifications are × 200 with the exception of the stomach, which is × 100. VMH: Ventromedial hypothalamic 
nucleus; VLH: Ventrolateral hypothalamic nucleus; IR: Immunoreactive.
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mRNA levels.

Expression level of NUCB2 mRNA in gastrointestinal 
tissues 
To investigate the physical changes in NUCB2 mRNA 
expression, the relative expression ratio was determined 
by real-time PCR analyses[19]. As shown in Figure 5, the 
expression levels of  the target gene in the stomach and 
duodenum of  VMH-lesioned rats were 2.022 and 2.960 
higher than those observed in the control animals (P < 
0.05; Figure 5A and B). In contrast, the levels in the small 
intestine and colon were 0.476 and 0.268 compared with 
the controls (P < 0.05; Figure 5C and D). In the VLH-
lesioned group, the NUCB2 mRNA levels were signifi-
cantly decreased in the stomach, duodenum, and small 
intestine (0.271-fold, 0.278-fold, and 0.534-fold, respec-
tively; P < 0.05). The NUCB2 concentration in the colon 
tended to be slightly lower in the operated animals, but 
these differences did not reach statistical significance (P 
> 0.05).

DISCUSSION
To the best of  our knowledge, nesfatin-1 is a potent 
anorexigen with a reproducible food intake-reducing ef-
fect. It has been reported that the number of  nesfatin-1 
IR cells is positively correlated with BMI in the gastric 
oxyntic mucosa of  obese patients, as shown by immu-
nofluorescence[20]. In addition, Ogiso et al[21] reported 
that plasma nesfatin-1 levels are significantly lower in 
restricting-type anorexia nervosa patients than in control 
patients. Therefore, we hypothesised that there is differ-
ence in the expression of  nesfatin-1 in gastrointestinal 
tissues between polyphagous/obese and anorectic/lean 
rats. To confirm this hypothesis, rats pretreated with 
VMH and VLH lesions, which were induced through 
a direct current, were compared to the controls. In the 
present study, we identified the presence of  NUCB2 
mRNA and nesfatin-1 IR cells in rat gastrointestinal tis-
sues by RT-PCR and immunostaining. It was shown that 
the NUCB2/nesfatin-1 IR cells detected in the stomach, 
duodenum, and small intestine are in agreement with 
previous reports that showed that nesfatin-1/NUCB2 IR 
cells are localised in the lower third and middle portion 
of  the gastric mucosal gland and in submucous layer of  
the duodenum in SD rats and ICR mice[7,8,22]. The pres-
ent study provides the first demonstration that the levels 
of  NUCB2 mRNA and nesfatin-1 protein are increased 
in the stomach and duodenum of  VMH-lesioned rats 
compared with their sham-operated controls. However, 
in the VLH-lesioned rats with a lower body weight, the 
levels of  NUCB2 mRNA and nesfatin-1 protein were 
significantly reduced compared with their controls. Inter-
estingly, our observations showed that the expression of  
nesfatin-1 in the small intestine is significantly decreased 
in both VMH- and VLH-lesioned rats. Taken together, 
these observations indicate that peripheral nesfatin-1 
from gastrointestinal tissues is participated to regulate the 

energy expenditure under obese and lean conditions. 
The hypothalamus is the main centre for energy bal-

ance, where numerous neuropeptides and transmitters 
are released to participate in the control of  essential 
body functions. We have confirmed the previous findings 
that VMH and VLH can be considered “feeding” and 
“hunger centres”[15-18]. The VMH-lesioned rats exhibited 
significant increases in daily food intake and body weight 
compared with the sham-operated rats, whereas these 
measurements were evidently decreased in the VLH-
lesioned group compared with the controls. Therefore, it 
is likely that the variation in body weight is due to altered 
ingestion. The data show that the gastric emptying rate 
is distinctly elevated by 85.94% in the VMH-lesioned 
group compared with the sham-operated rats (61.66%) 
and markedly reduced by 29.12% in the VLH-lesioned 
group compared with the controls (61.08%), and these 
results are similar to those found in a previous study[23]. 
Cummings et al[24] reported that an increased gastric vol-
ume induced by a lower gastric emptying rate can result 
in suppression of  food intake, and this finding is similar 
to the observations found in our study. It has also been 
reported that the gastroduodenal motility of  mice is 
inhibited after the intracerebroventricular administra-
tion of  nesfatin-1[14,25] and that the suppressing effect on 
gastric emptying is dose-dependent[26]. The underlying 
mechanisms may involve alterations in the expression of  
nesfatin-1. Sakaguchi et al[27] found reduced sympathetic 
activity and enhanced vagal activity in VMH-lesioned 
rats. Activated cholinergic neurons in the gastric submu-
cosal, myenteric plexuses, and subsequent vagal gastric 
nerve may stimulate the gastric secretory and motor 
functions[28]. Therefore, it is possible that hypothalamic 
nucleus lesions and nesfatin-1 exert an influence on gas-
tric mobility by adjusting vagal activity. To confirm the 
regulatory mechanism of  nesfatin-1 in gastric mobility, 
further neuroendocrine characterisation of  the brain-gut 
axis is essential.

As a “satiety molecule”, NUCB2/nesfatin-1 was re-
cently studied in the peripheral organs and not just in the 
brain. Ramanjaneya et al[29] found increased NUCB2/nes-
fatin-1 expression in adipose tissue in obesity. The analy-
sis of  obese patients detected a positive correlation be-
tween gastric nesfatin-1 IR cells and BMI[20]. Accordingly, 
it was recently reported that the plasma nesfatin-1 levels 
are significantly lower in AN-R (restricting-type anorexia 
nervosa) patients[21]. A similar tendency of  increased 
expression of  NUCB2/nesfatin-1 in both subcutaneous 
and visceral fat tissues in VMH-lesioned rats was also ob-
served previously[30]. Our study describes a novel relation-
ship between the expression of  nesfatin-1 in gastrointes-
tinal tissue and body mass. The analysis of  our data from 
the stomach and duodenum samples led us to speculate 
that the elevation and decrease of  nesfatin-1 levels in 
obese and lean rats may be a compensatory upregulation 
and downregulation to compensate for the abnormal me-
tabolism. It is possible that the nesfatin-1-driven positive 
feedback may play a physiological role in the regulation 
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Figure 5  Relative expression levels of nucleobindin-2 mRNA in the stomach (A, B), duodenum (C, D), small intestine (E, F), and colon (G, H) between ventro-
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of  the metabolic disturbance imposed by obese and lean 
conditions and the maintenance of  homeostasis. Howev-
er, our study reveals no clear significance of  nesfatin-1 in 
the small intestine and colon. Future studies are needed 
to determine whether the variations in the nesfatin-1 lev-
els are the cause or consequence of  metabolic disorder. 

In addition, it should be mentioned that conflict-
ing results have been reported regarding the association 
between BMI and nesfatin-1 levels. Abaci et al[31] found 
that the serum nesfatin-1 level in obese children is sig-
nificantly lower compared to that in healthy subjects. 
Tsuchiya et al[32] presented data that are in agreement with 
a negative correlation between nesfatin-1 and body mass 
index in non-obese males. It was also reported that the 
cord blood nesfatin-1 levels are decreased in LGA (large 
for gestational age) compared to AGA (appropriate for 
gestational age) foetuses[33]. Based on the study conducted 
by Stengel et al[7], we hypothesised that the nesfatin-1 in 
the circulation is secreted from gastric and pancreatic tis-
sues. Studies in mice have provided strong evidence that 
nesfatin-1 traverses the blood-brain barrier bidirection-
ally in a non-saturable manner[34,35]. In addition, there is a 
significant linear relationship between the cerebrospinal 
fluid and plasma nesfatin-1/NUCB-2 levels in both obese 
and lean subjects[36]. Thus, it can be hypothesised that the 
nesfatin-1 levels in the cerebrospinal fluid and plasma are 
negatively correlated with the levels of  this protein in the 
stomach and duodenum. However, further studies on the 
functional relevance of  central and peripheral nesfatin-1 
are needed to address this question.

In conclusion, this study provides the first demon-
stration of  the expression of  peripheral nesfatin-1 in 
gastrointestinal tissues in VMH-lesioned/obese rats and 
VLH-lesioned/lean rats. Notably, the present study dem-
onstrates that the nesfatine-1 levels in the stomach and 
duodenum are upregulated under conditions of  a positive 
energy balance (obesity) and downregulated under condi-
tions of  a negative energy balance (lean). Additionally, 
there is a positive correlation between gastric emptying 
and body mass. Therefore, we hypothesised that nesfa-
tin-1 may participate in the regulation of  gastric mobility 
by adjusting the vagal activity. These data are supported 
by numerous previous observations and provide new in-
sight regarding the physiological relevance of  nesfatin-1, 
gastric mobility, and metabolic disturbances that result 
in obese and lean conditions. This study also gives rise 
to numerous unanswered questions on the physiological 
regulation of  nesfatin-1. Further investigation of  the bio-
chemical and physiological functions of  nesfatin-1 will 
help improve our understanding of  the mechanisms of  
energy homeostasis.
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