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Abstract: Objective: Aim to discuss the effects of intracerebroventricular injection of nesfatin-1 on the feeding of
normal rats and obese rats to clarify the mechanism of feeding regulation. Methods: Using the BioDAQ feeding
monitoring system to monitor 24h food intake, bout size, meal size, bout frequency, meal frequency, meal interval
and meal duration of rats. Results: Intracerebroventricular injection of nesfatin-1 reduced the amount of 24h food
intake in normal rats, food intake at fifth hour significantly reduced; After intracerebroventricular injection of
nesfatin-1 in normal rats, meal size, meal duration and the percentage of time spent eating significantly reduced,
meal interval and meal frequency did not change significantly, satiety ratio significantly increased,;
Intracerebroventricular injection of nesfatin-1 reduced the amount of 20h food intake in obese rats, food intake at
third hour significantly reduced; Intracerebroventricular injection of nesfatin-1 significantly reduced bout frequency,
meal frequency and eating rate in obese rats, with a significant increase in meal interval and satiety ratio.
Conclusion: Nesfatin-1 can inhibit the feeding of normal rats and obese rats. The normal rats showed increased
satiation, the obese rats showed increased satiety, and the nesfatin-1 can regulate the feeding of normal rats and
obese rats via different pathway.
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Foreword

Mori and colleagues found an appetite-suppressing
peptide that can be produced in the brain of rats and
called it nesfatin-1™. The orexin peptide is catalyzed
by the prohormone invertase by the nucleoprotein 2
(NUCB2) after translation processing ™. NUCB2
consists of a 24 amino acid N-terminal signal peptide
and a 396 amino acid protein structure. The 396 amino
acid sequence is cleaved into nesfatin-1, nesfatin-2, and
nesfatin-3™. The third ventricle injection of nesfatin-1
in rats reduces food intake and weight loss M. Studies
have shown that injection of nesfatin-1 in the lateral
ventricle, the third ventricle, the fourth ventricle, and
the cisterna magna inhibits feeding ©*®. Lateral
hypothalamic, paraventricular nucleus, and vagal
complex injections of nesfatin-1 can also be produced
anorexia reaction "%, This series of evidence indicates
the important physiological significance of nesfatin-1

in feeding regulation.

In order to further understand the mechanisms of food
intake reduction, and the potential structure of
nesfatin-1.  Intracerebroventricular  injection  of
nesfatin-1 in mice produced delayed food intake due to
reduced food intake and decreased feeding frequency !,
suggesting that nesfatin-1 can affect satiety and satiety.
However, whether or not rats have this characteristic is
unknown due to differences between species.

At the same time that the central system discovered
NUCB2 and nesfatin-1, the expression of NUCB2
mRNA and NUCB2/nesfatin-1 protein was also found
in the periphery. The peripheral NUCB2/nesfatin-1 is
mainly produced by the stomach, and the expression of
NUCB2 mRNA is higher than that of the brain.
Therefore, nesfatin-1 may be a brain-gut peptide ™.
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There is a hypothesis that nesfatin-1 can penetrate the
blood-brain barrier. In rats and humans [
NUCB2/nesfatin-1 is co-expressed with ghrelin and the
appetite-stimulating signal is located in the same cell
1 This gives rise to the hypothesis that these
endocrine cells in the stomach can regulate feeding in
both directions, one by releasing ghrelin to stimulate
feeding, and second by inhibiting feeding by releasing
NUCB2/nesfatin-1. However, the data indicate that the
effect of peripheral nesfatin-1 on feeding is inconsistent
with the central nervous system. Studies have shown
that anesthetic effects occur after retroperitoneal
injection of high-dose nesfatin-13y.59 in mice, but there
is no rat-related data.

At present, we discuss the potential therapeutic role of
NUCB2/nesfatin-1™4, especially in the leptin signaling
pathway ®1. However, the effect of nesfatin-1 on
obesity in diet-induced obesity is unclear. Therefore,
the purpose of this study was to investigate the effect of
central injection of nesfatin-1 on food intake in normal
body weight and obese rats

1. Materials and Methods.

1.1  Experimental animals

Male SD rats have a body mass of 280-350g. Day and
night cycle light 12h (6:00-18:00), animal room
temperature 21-23 °C. Rats were fed with standard
rodent chow and tap water. It is suitable for feeding for
one week before experiment. All animals followed the
"Qingdao University Laboratory Animal Protection and
Use Management Methods." All experiments were in
accordance with the Qingdao Animal Center Standard.

1.2  Establishment of obesity model

60 adult male Sprague-Dawley rats were selected,
high-fat diet group rats were given a high-energy diet
(45% fat, 35% carbohydrate, 20% protein, 4.7 kcal/g),
and rats in the control group were given laboratory
standard animal feed (10% fat, 70% carbohydrate, 20%
protein, 3.9 kcal/g). During 8 weeks of feeding, all rats
were free to drink water during the modeling period,
and 50% weight gain was used as a modeling indicator.

1.3 lateral ventricle catheter
Rats were anesthetized with an intraperitoneal injection
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of 10% chloral hydrate. After anesthesia, they were
fixed in a stereotaxic apparatus. The degree of
anesthesia in rats can be determined by stimulating the
cornea of the rat to see if the corneal reflexes have
disappeared, or by forcefully pinching the rat to
observe whether there is still revolt. After exposing the
skull, the rat's anterior fontanelle can be seen and the
positioning probe tip is moved to the rat's anterior
fontanelle, marked with a marker. A 23-gauge stainless
steel hollow cannula was placed at the lateral ventricle
(0.8 mm posterolateral, 1.5 mm lateral, 3.5 mm deep)
from the Paxinos and Watson rat brain atlas. The trocar
is fixed on the skull using a dental tray powder. Rats
were given 7 days recovery after catheterization.

1.4  Determination of food intake

The rats were injected with physiological saline or
nesfatin-1 at the lateral ventricle at 18:00, and the dose
of nesfatin-1 was determined according to previous
mouse experiments 2. The BioDAQ food monitoring
system was used to monitor 24 h food intake, food
intake per meal, meal consumption per meal, number
of meals per meal, frequency of meals, meal time
interval, and meal time.

1.5 Statistical Analysis

Application of PPMS 1.5 software for statistical
analysis. All data were expressed as ( X #SD).
One-way analysis of variance was used to compare the
mean of multiple samples. The t-test was used to
compare the mean of the two groups. P<0.05 was
considered statistically significant.

2. Results
2.1  Effect of Intracerebroventricular Injection of
nesfatin-1 on 24h Feeding in Normal Rats

After intracerebroventricular injection of nesfatin-1,
there was a significant change in food intake in normal
rats at 4-8 h (P<0.05, Fig. 1A). Compared with the
saline group, 0.9nmol nesfatin-1 significantly inhibited
the normal 4-8h feeding of rats, the difference was
statistically significant (P <0.05, Figure 1A). Compared
with saline group, 0.9nmol nesfatin-1 significantly
inhibited the total food intake of normal rats at 8h, 12h,
16h, 20h, and 24h (P<0.05, Fig. 1B).
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Fig.1 Effect of intracerebroventricular injection of nesfatin-1 on 24 h food intake of normal rats

A:4h period food intake B:cumulative food intake
*P<0.05 vs. NS group

To further investigate the changes in food intake in
normal rats at 4-8 h, we measured changes in food
intake per hour for 4-8 h. Compared with the saline
group, 0.3 nmol and 0.9 nmol nesfatin-1 were injected
into the lateral ventricle, and the food intake in the rats

Food intake (kcal)

was significantly reduced at the 5th hour (P<0.05, Fig.
2). There was no significant change in food intake in
normal rats at 6, 7, and 8 hours (P>0.05, Figure 2). 0.1
nmol nesfatin-1 had no significant effect on the 4-8h
food consumption of normal rats (P>0.05, Fig. 2).

L1 NS

1 0.1nmol Nesfatin-1
0.3nmol Nesfatin-1
Il 0.9nmol Nesfatin-1

6-7h

7-8h

Fig.2 Effect of intracerebroventricular injection of nesfatin-1 on every hour food intake of normal rats

*P<0.05 vs. NS group

2.2 Effect of Intracerebroventricular Injection of
nesfatin-1 on the 4-8h Feeding of Normal Rats

In order to further study the changes in food intake
within 4-8 h in normal rats, we conducted studies on
various aspects of feeding. Compared with the saline
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group, 0.9nmol nesfatin-1 was injected into the lateral
ventricle, and the percentage of food intake, meal time,
and food consumption per meal of the rats was
significantly reduced (P<0.05, Fig. 3), and the satiation
rate was significantly increased (P<0.05). Fig.3).
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Fig.3 Effect of intracerebroventricular injection of nesfatin-1 on 4-8h food intake of normal rats

A:bout size B:meal size C:bout frequency D:meal frequency E:meal interval F:meal duration G:eating rate H:time
spent in meal I:satiety ratio

*P<0.05 vs. NS group

2.3 The effect of intracerebroventricular injection of obese rats compared with saline (P<0.05, Fig. 4A).
nesfatin-1 on 24h food intake in obese rats Compared with the saline group, the total food
Intraventricular injection of 0.9 nmol nesfatin-1 consumption in obese rats was significantly reduced in
significantly decreased the first 4 h food intake in the first 20 h (P<0.05, Fig. 4B).
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Fig.4 Effect of intracerebroventricular injection of nesfatin-1 on 24 h food intake of DIO rats
A: 4h period food intake B:cumulative food intake
*P<0.05, **P<0.01 vs. NS group

To further study the changes in food intake in obese nmol nesfatin-1 was injected into the lateral ventricle,
rats at 0-4 h, we measured changes in food intake per and the food intake was significantly reduced at 3 h and
hour for 0-4 h. Compared with the saline group, 0.9 4 h in the obese rats (P<0.05, Fig. 5).
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Fig.5 Effect of intracerebroventricular injection of nesfatin-1 on every hour food intake of DIO rats

*P<0.05 vs. NS group

2.4 Effect of Intracerebroventricular Injection of
nesfatin-1 on 0-4h Food Intake in Obese Rats

In order to further study the food intake changes in
obese rats within 0-4 h, we conducted studies on
various aspects of food intake. Compared with the
saline group, 0.9nmol nesfatin-1 was injected into the
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lateral ventricle, and the number of food intake, feeding
frequency, and feeding rate were significantly
decreased in obese rats (P<0.05, Fig. 6), and the meal
time interval and satiation rate were significantly
increased. (P < 0.05, Fig. 6).
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Fig.6 Effect of intracerebroventricular injection of nesfatin-1 on 0-4h food intake of DIO rats
A:bout size B:meal size C:bout frequency D:meal frequency E:meal interval F:meal duration

G:eating rate H:time spent in meal I:satiety ratio
*P<0.05 vs. NS group

3 Discussion

In this experiment, we mainly studied the effects of
nesfatin-1 on feeding behavior in normal rats and obese
rats. Intracerebroventricular injection of nesfatin-1
reduced night food intake in normal rats. At the 5th
hour after injection, we observed a decrease in food
intake in normal rats, which led to a reduction in
cumulative food intake in 24 hours. Our results are
consistent with the results of the previous study. Rats
ingested with nesfatin-1 after intracerebroventricular
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injection showed a decrease in the third hour of feeding
and a decrease in total food intake at 6 hours ™1, The
difference in time of onset may be due to differential
spread after injection into the lateral ventricle, or it may
be due to the binding of nesfatin-1 to the unknown
nesfatin-1 receptor. In addition, nesfatim-1 may also
interact with other receptors.

Interestingly, we found that nesfatin-13059 induces an
anorexia requiring higher doses. Intracerebral injection
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of 5 pmol of nesfatin-11-82 reduced food intake in rats,
and each rat showed anorexia response after injection
of 0.9 nmol of nesfatin-13,50. This difference may be
the interaction of different receptors with
nesfatin-11-82, which in turn leads to stronger food
intake inhibition effects at low doses. The difference
between Nesfatin-15y50 and nesfatin-1,., is due to its
more selective receptor binding, slower dissociation, or
greater receptor irritability, all of which are
questionable. The effective dose we observed in rats
was the same as the previously described appetite
suppressant dose 2.

Nesfatin-13059, an active fragment of nesfatin-1;gp,
reduced the food intake in rats, and we specifically
studied feeding. Intracerebroventricular injection of
nesfatin-13059 Will reduce the amount of food
consumed per meal and thus reduce the total food
intake. The meal frequency and meal interval time did
not change. This pattern suggests that satiety will
increase (end meals early) and satiety (start of a new
meal after a meal) will not be affected. This result
differs from that observed previously. In the previous
results, we found that nesfatin-13559 induced satiety
(reduced eating frequency), and satiation (with no
change in food intake per meal) was not affected by
nesfatin-1zp-s 2. There are species differences in this
phenomenon, which also reminds us that it is necessary
to consider carefully from one species to another.

Early studies found downstream signaling of
NUCB2/nesfatin-1. Oxytocin participates in the
mediation of anorexia by nesfatin-1, and nesfatin-1
activates the hypothalamic paraventricular nucleus
(PVN). Oxytocin-containing neurons and the oxytocin
receptor antagonist H4928 neutralize nesfatin-1
induced feeding. cut back. In addition, there are also
opioid-pro-melanocortin -~ (POMC), cocaine, and
amphetamine-regulated transcripts (CART) that are
involved in its regulation. Nesfatin-1 can increase the
MRNA expression of POMC and CART in mice.
Second, the use of the melanocortin receptor antagonist
SHU9119 can block alpha-melanocyte-stimulating
hormone (a-MSH) signaling and also block the
anorexic effect of nesfatin-1. Intracerebroventricular
injection of the melanocortin receptor agonist MTII
reduced food intake by reducing food intake per meal
without affecting the frequency of feeding, similar to
that observed after intracerebroventricular injection of
nesfatin-1 in this study. effect. Oxytocin increases the
release of POMC in solitary tract nucleus (NTS), so
nesfatin-1 may act through the
oxytocin—POMC—a-MSH/melanocortin receptor
pathway, thereby inhibiting rat food intake.

NUCB2/nesfatin-1 is mainly expressed in the stomach,
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but we do not know the role of peripheral
NUCB2/nesfatin-1. It has been reported that mice can
lose appetite after intraperitoneal injection of nesfatin-1.
Obesity can change dietary regulative hormones [,
and ghrelin levels can decrease ™, which may be a
compensatory action to prevent further overeating.
Therefore, we also investigated the effect of nesfatin-1
on high fat diet-induced DIO rats. In DIO rats,
nesfatin-1 inhibited feeding for a long period of time.
At the third hour after injection, we observed the effect
of suppressing feeding, and the feeding inhibition of
normal-weight rats occurred at the fifth hour after
nesfatin-1 injection. In addition, the feeding inhibition
effect of nesfatin-1 on DIO rats lasted for 20 hours,
while the nefatin-1 inhibition on normal weight rats
could last more than 20 hours. Finally, compared with
normal-weight rats, feeding frequency decreased and
food intake did not change under high-fat diet
conditions, indicating that satiety rats had increased
satiety and no change in satiety. In conclusion, these
studies found that there is a difference in the binding of
nefatin-1 to receptors in DIO-induced obese rats
compared to normal-weight rats.

Recent  studies have shown that plasma
NUCB2/nesfatin-1 levels are significantly reduced in
rats fed a high-fat diet ® 2. Although the role of the
receptor is not yet known, long-term reduced levels of
NUCB2/nesfatin-1 may lead to receptor sensitization
and lead to a stronger/faster response to
intracerebroventricular injection of nesfatin-1. The
corticotropin-releasing factor (CRF) receptor 2 that
plays a role in nesfatin-1 anorectal signaling is also
important in obese conditions. Early studies showed
that if the selective CRF2 agonist was injected into rats,
the food intake could be reduced by reducing the
frequency of feeding, and the rat's food intake per meal
did not change. This was in contrast to the study of
nesfatin-1 injected into the lateral ventricle under DIO
conditions. The observed results are very similar.
Down-regulation of CRF2 signaling pathway in
regulating nesfatin-1's feeding inhibition may be due to
reduced prohormone convertase levels 22,

Taken together, these results provide us with
pharmacological evidence that nesfatin-1lsps9 is the
active core of full-length nesfatin-1,4,, both in
normal-weight rats and in high-fat diet-induced obese
rats. However, the specific feeding mechanism of the
two rats was different, normal weight rats showed
increased satiety, and rats under DIO conditions
induced satiety. This may be because normal-weight
rats are mediated by
nesfatin-1—oxytocin—-POMC—a-MSH/melanocortin
receptor  signaling, for DIO rats, the
nesfatin-1-CRF/CRF2 pathway may be more
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dominant. The main role of peripheral nesfatin-1
remains to be studied.
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