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Abstract 
AIM
To investigate the effects of nesfatin-1 on gastric function in obeserats. 

METHODS
[bookmark: OLE_LINK33]The obeseratmodel was induced by high-fat diet. Then,the gastric emptying rate and gastric acid secretory capacity of rats were determined after rats were treated with different drug concentrations of nesfatin-1and administrations routes. Based on this, the expression of H+/K+-ATPase was measured using RT-PCR and western blot to preliminarily explore the mechanism of gastric acid secretionchanges. 

RESULTS
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Body weight, body length and Lee’s index of rats significantly increased in the high-fat diet-inducedobeserat model. At two hoursafter the lateral intracerebroventricular injection of Nsfactin-1, the gastric emptying rate and gastric acid secretory capacity of rats decreased. At four hoursafter injection, both were restored to normal levels. In addition, the expression of H+/K+-ATPase decreasedandmoved in line with changes ingastric acid secretory capacity. This in vivo experiment revealed that the intracerebroventricular injection of nesfactin-1, instead of intravenous injection, could suppress gastric function in obese rats. Moreover, its effect on the gastric emptying and gastric acid secretory capacity of rats is dose-dependentwithin a certain amount of time.

CONCLUSION
Through this research, we provide a theoretical basis for further studies on potential anti-obesity drug, nesfatin-1.
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Core tip: The high-fat diet-induced fat obese rat model was used to study the effects of nesfatin-1 on the gastric function. We found that the intracerebroventricular injection of nesfactin-1, instead of intravenous injection, could suppress gastric function in a dose-dependent manner within a certain amount of time. What’s more, the expression of H+/K+ ATPase was down-regulated which may explained the mechanisms of the decrease of gastric acid secretory. 
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INTRODUCTION
Obesity is a global public health priority. With the improvement of people’s living standard, the number of obese Chinese has grown at 38.1% annually over the past years[1-4]. Thus, it is significant to carry out studies on mechanisms linked to obesity. Nesfatin-1, a new anorectic peptide found in 2006, has been proven as an inhibitor of food intake[5-8]. Nesfatin-1 can be expressed in peripheral organs such as the gastrointestinal tract, and plays a role in the regulation of many physiological processes such as carbohydrate metabolism, immunity, and the digestive tract[9-13]. Studies have shown that nesfatin-1 mRNA, together with Ghrelin somatostatin and histidine decarboxylase, which regulates gastric acid secretion ,are co-expressed in oxyntic glands in the fundus of the stomach. That comes to mean that Nesfati-1 may be also involved in gastric acid secretion[14-16]. In vitro studies have shown that nesfatin-1 can inhibit the expression of H+/K+ ATPase to block gastric acid secretion induced by histamine, as oxyntic cells of the glands secrete gastric acid[17,18]. Researchers have also found that the lateral intracerebroventricular injection of nesfatin-1 can reduce the gastrointestinal mobility of rats[19]. However, the clinical use of nesfatin-1 is limited, since it remains unknown whether the routes of administration of nesfatin-1 influence gastric emptying, and how and when this would affect gastric functions. Therefore, the present study focuses on the effects of the routes of drug administration and drug concentration on gastric functions, as well as the potential mechanisms, in order to provide a preliminary theoretical basis for further studies for determining hownesfatin-1 acts and the development of possible drugs for the treatment of obesity.

MATERIALS AND METHODS
Materials 
Healthy and weaned Sprague Dawley (SD) rats, weighing 50 g, were provided by the experimental animal center of Anhui Medical University (Permit number: SYXK (e) 2012-002). Animals were housed in a controlled environment in collective cages (five rats in each cage) at 23 ± 2C with a 12-h light/dark cycle. Rats were allowed to acclimate to these conditions for a week before being randomized into experimental groups. Phenol red was purchased from TiangenBiotech (Beijing). Five mg of phenol red was dissolved in1.5% methylcellulose to produce the methylcellulose-phenol red solution (100 mL, 50 mg/dL). Anti-nesfatin-1 polyclonal antibody (H-003-22) was obtained from American Phoenix Pharmaceuticals (United States), Rabbit anti-rat histone polyclonal antibody (ab125260) was purchased from Abcam (United States), and Rabbit anti-rat H+/K+ ATPase subunit-βantibody and rabbit anti-rat H+/K+ ATPase subunit-αantibody were obtained from Merk (Germany). These experiments were approved by the institute, and all efforts were made to minimize animal suffering.

Methods 
Animals: After an adjustable feeding period of one week, 155 rats were randomly assigned into two groups: control group (five normal rats), and high-fat diet group (300 obeserats). In the control group, rats were fed with basic forage. In the high-fat diet group, rats were fed with high-fat forage (15 g of lard, 50 g of egg yolk, 15 g of whole milk and 10 drops of concentrated cod liver oil were added into a per 100 g basic forage). In order to assess the feasibility of the obeserat model, body length and body weight changes of rats were recorded. Then, Lee’s index and serum triglyceride levels were calculated after feeding for six weeks.

Implantation of the cannula into the lateral ventricle: Each rat was anesthetized using 7% chloral hydrate (0.5 mL/100 g) by intraperitoneal injection. Then, the fur on the head was shaved, and each rat was placed on the stereotaxic apparatus. According to the Paxinos-Watoson Rat Brain in stereotaxic coordinates, an incision was made on the skin above the animal’s skull, and a hole was drilled on the skull. A thin catheter was slowly inserted into the right-cerebral ventricle and was fixed with bone cement[20,21]. After surgery, each rat was fed separately and provided with 15000 units of penicillin to avoid infection. Follow-up experiments were carried out after they were fed normally for one week, when the stress reaction was reduced.

Experimental grouping: The 300 obeserats that had a cannula placed in the right lateral-cerebral ventricle were further randomly assigned into two groups: intracerebroventricular injection group, and intravenous injection group. The treatment dose was as follows: intracerebroventricular injection group, 0μg/5μL ofnesfatin-1, 0.5μg/5μL ofnesfatin-1, and 1.0μg/5μL ofnesfatin-1; intravenous injection group, 0μg/5μLof nesfatin-1, 0.5μg/5μL ofnesfatin-1, 1.0 μg/5 μL of nesfatin-1. Each group comprised of 150 rats. Gastrointestinal mobility and gastric acid secretion in rats were measured at 1, 2, 3 and 4 h after drug administration.

Determination of gastrointestinal mobility: Rats received intragastric administration of 2 mL of phenol red. After 20 min, the rats were anesthetized using diethyl ether and sacrificed. Then, the stomach was cut along the greater curvature, washed with distilled water to collect the stomach contents, and diluted with water to 20 mL. Next, 20 mL of 0.5 mol/L of NaOH was added into the suspension before standing for 0.5hours at room temperature. Then, 0.5 mL of trichloroacetic acid (200 g/L) was added into 2.5 mL of the supernatant to remove the proteins. The mixture was centrifuged at 3500 rpm for 10 min. The absorbance of the supernatant was measured at 560 mL. Gastric emptying rate was determined using the following formula: gastric emptying rate = (1- measured phenol red absorbance/ standard phenol red absorbance) × 100%[22].

Determination of gastric acid secretion: The principle of acid-base titrations was applied to determine the gastric acid secretion. As previously described, gastric juice was collected from the stomach of rats. Then, 0.5 mL of the gastric acid was pipetted into a clean beaker containing 2 mL of distilled water. Next, two drops of phenolphthalein was added, swirled gently to mix well, titrated by slowly adding the NaOH solution (0.5 mol/L), and the beaker was swirled. The titration ended when the solution turned into a faint and persistent color. The volume of NaOH dispensed was recorded: volume of gastric acid secretion= (C [NaOH] V [NaOH] V [gastric juice] /0.5mL).

[bookmark: OLE_LINK12]Real-time polymerase chain reaction: Twenty mg of gastric mucosal tissues were randomly obtained from different parts. Total RNA was extracted using TRIZOL Reagent and was converted into cDNAs by reverse transcription. With β-actin as the internal control gene, target gene fragments were amplified by real-time polymerase chain reaction (PCR). Five μL of RT-PCR products were subjected to 2% agarose gel electrophoresis. The absorbance of the target gene strands was detected. The relative mRNA expression level of H+/K+-ATP was determined as the ratio of the absorbance of the target gene to that of β-actin.
The real-time PCR primers are as follows: H+/K+-ATPase, 5'-CTCTGCTTTGCGGGACTT-3' (forward), 5'-CCTTGGCTGTGATGGGAT-3'(reverse);β-actin, 5’-AGCTGAGAGGGAAATCGTGCG 3’(forward),5’-GTGCCACCAGACAGCACTGTG-3’ (reverse).

[bookmark: OLE_LINK14]Western blot: Twenty mg of gastric mucosal tissues were randomly obtained from different parts, and total proteins were extracted of the samples. Protein concentrations were detected using the BCA method. Protein extracts containing the same quality were subjected to SDS-PAGE using 12% polyacrylamide gel, followed by western blotting. Each membrane was blocked in 5% skim milk for two hours at room temperature. Then, the membrane was incubated for one hour at room temperature with anti-H+/K+-ATPase antibody. After washing with PBST for three times at five minutes each time, each membrane was incubated with a corresponding secondary fluorescein-labeled antibody for one hour at room temperature. Then, the bands were visualized and imaged using the Odyssey infrared imaging system (LI-COR, Germany).

Statistical analysis
Statistical analysis was performed using SPSS Statistics version 20. Data were expressed as means ± SD. Comparisons of categorical variables were carried out using one-way ANOVA. Dunnett’s t-test was employed to further analyze the differences between groups. P < 0.05 was considered statistically significant.

RESULTS
[bookmark: OLE_LINK17][bookmark: OLE_LINK23]Establishment of theobeserat model
As shown in Table 1, the body weight, body length, Lee’s index and triglyceride level of rats were much higher in the high-fat diet group than in the control group; and the differences were considered statistically significant (P < 0.05). 

Changes in gastric acid secretion and gastrointestinal mobility
Changes in gastric acid secretion and gastrointestinal mobility are shown in Figures 1 and 2.  The gastric acid secretory capacity and gastrointestinal mobility of rats that received nesfatin-1 by intravenous injection did not significantly change at each drug dosage and time point. Each group was presented as a gray value histogram (Figures 1A and 2A). However, the intracerebroventricular administration of nesfatin-1 induced a great difference in the gastric acid secretion of rats. The gastric acid secretion level did not significantly change at any of the time points after the administration of nesfatin-1 at a dose of 0 μg/5μL. However, the secretion levels of rats injected with nesfatin-1 at adose of 0.5 μg/5μL and 1.0 μg/5μLinitially decreased, returned to normal levels, and went to the lowest level at two hours after administration (refer to the white and black value histogram in Figure 1B). Changes in gastric emptying revealed similarities as it reached the lowest level at two hours after administration, and this returned to normal levels at four hours after administration (Figure 2B).

Changes in H+/K+-ATPase expression level in the gastric mucosa
[bookmark: OLE_LINK16]In order to further investigate the potential mechanism of gastric acid secretion induced by intracerebroventricularly administered nesfatin-1, gastric mucosal tissues that receiving 1.0μg/5μL ofnesfatin-1 were obtained to study the expression of H+/K+-ATPase. A similar tendency was observed in the mRNA expression of H+/K+-ATPase detected by RT-PCR and western blot. The data revealed that intracerebroventricularly injected nesfatin-1 significantly decreased mRNA expression levels at two hours after administration. The difference was statistically significant (P = 0.000). In addition, at four hours after the injection, the mRNA expression returned to normal levels (P = 0.792). The tendency of the protein level ofH+/K+-ATPase was similar (Figures 3 and 4).

DISCUSSION
Due to lifestyle changes, obesity has become a major global public health issue that puzzles many countries[23]. As shown in many epidemiologic studies, the morbidity of diabetes and cardiac disease in obesity is higher than that in the normal population; which can bring about heavy financial burden in the society and family. Therefore, the study of obesity is of great significance[24-27]. There is an apparent correlation between obesity and dieting status, and a person’s dietary behavior is tightly controlled by neural and humoral factors[28-30]. In 2006, Japanese scholars found a peptide involved in the regulation of energy homeostasis, and in food and water intake; and this peptide can regulate feeding behavior through the neuro humoral system[31-34]. This project systematically studied the effects of drug-delivery methods and drug concentration on gastric functions, as well as the molecular mechanisms involved in changes in gastric acid secretory capacity. This research can provide a preliminary theoretical basis for the design of anti-obesity drugs.  

Establishment of the rat model with nutritional obesity
Given the fact that the main reason of obesity is always eating too much food containing calories, it is of great significant to establish a rat model that has the same reason of obesity as humans[35-37]. Based on the diet characteristics of some individuals (which is high in fat and sugar), the obese rat model establish in six weeks by adding moderate amounts of sugar, fat and protein into rats fed diets. Results revealed that body weight, body length, Lee’s index and postprandial triglyceride levels significantly increased in the obese rat model induced by the high-fat diet. This indicates that the model was successfully established. 

Effects of the manner of drug delivery on the gastric emptying rate and gastric acid secretory capacity of obese rats 
The precursor of nesfatin-1, NMCB-2, can be hydrolyzed into three pieces by the action of prohormone convertase, including nesfatin-1, nesfatin-2 and nesfatin-3[38-41]. The research carried by Pan W revealed that the permeation of nesfatin-1 between the blood and brain was a non-saturable process. Furthermore, Atsuchi K found that the vagal nerve may be involved in the process of the effect of nesfatin-1 on gastric functions[42,43]. However, our study revealed that the intravenous injection of nesfactin-1 had no significant impact on the volume of gastric juice and the gastric emptying rate. This indicate that nesfatin-1 in the brain took effect on gastric function via some method that include the nervous system, rather than crossing the blood-brain barrier and taking effect. 

Changes in the gastric empting rate and gastrointestinal mobility of obeserats after nesfatin-1treatment 
Studies have found that the central administration of nesfatin-1 results in the inhibition of gastrointestinal mobility in rats in a dose-dependent manner. In addition, the administration of nesfatin-1 antibody promote food intake[44,45]. This means that nesfatin-1can obviously reduce food intake. Our study further revealed that the intracerebroventricular injection of nesfatin-1, rather than its intravenous injection, can slow down intestinal peristalsis and suppress gastric emptying and gastric acid production. Moreover, these effects are dependent on the drug dosage within a certain amount of time. 
Previous studies have shown that a delay in gastric emptying leads to increased stomach content, affecting food intake[46]. Hence, we postulate that nesfatin-1 may cause food refusal by affecting gastrointestinal peristalsis. Nesfatin-1 suppress gastric emptying and secretion of gastric acid within certain amounts of time, which can prolong food stay in the stomach, slow down food digestion and induce satiety. All this leads to food refusal. 

Mechanism of the inhibition of gastric acid secretion
H+/K+-ATPase, a key enzyme in gastric acid production, promotes the secretion of gastric acid through phosphorylation in the process of extracellular K+ and intracellular H+ transmembrane transport[47,48]. The H+/K+-ATPase serves as a key point in the signal transduction pathway for regulating gastric acid secretion. Its expression levels in cells located in the gastric mucosal gland have a direct effect on gastric acid production[49,50]. Therefore, in the present study, we observed the expression levels of H+/K+-ATPase to preliminarily explore the potential mechanism of centrally administered nesfatin-1 on gastric acid secretion. Western bolt and RT-PCR analyses demonstrated that the protein and mRNA expression levels of H+/K+-ATPase decreased after the intracerebroventricular injection of nesfatin-1. These levels returned to normal at four hours, and moved in line with the changes in gastric acid production. Our study revealed that centrally administered nesfatin-1 may inhibit the expression of H+/K+-ATPase in gastric mucosal tissues, suppressing the secretion of gastric acid.
In the meantime, due to the limited time, we were not able explore the relationship between gastric mobility and the vagus nerve, even though centrally administered nesfatin-1 has been reported to play a role in the regulation of gastrointestinal function through the vagus nerve. Further studies are needed to investigate whether the central administration of nesfatin-1 affects the expression of H+/K+-ATPase through the vagus nerve.
Overall, our in vivo experiment demonstrates that the central administration of nesfatin-1, rather than its peripheral administration, had an effect on gastrointestinal functions in obeserats. Centrally administered nesfatin-1 inhibited gastric mobility and gastric acid secretion in a dose-independent manner over a period of time. This study provides a preliminary theoretical basis for the development of nesfatin-1 for the treatment of obesity.

COMMENTS
Background
Obesity has become a major global public health issue that can bring about heavy financial burden in the society and family. Nesfatin-1, a new anorectic peptide, has been proven as an inhibitor of food intake which has the potential to be used in the treatment of obesity. However, the clinical use of nesfatin-1 is limited, since it remains unknown whether the routes of administration of nesfatin-1 influence gastric emptying, and how and when this would affect gastric functions.

Research frontiers
Nesfatin-1 plays a role in the regulation of many physiological processes such as carbohydrate metabolism, immunity, and the digestive tract[9-13]. Studies have shown that nesfatin-1 mRNA, together with Ghrelin somatostatin and histidine decarboxylase, which regulates gastric acid secretion, are co-expressed in oxyntic glands in the fundus of the stomach. In vitro studies have shown that nesfatin-1 can inhibit the expression of H+/K+ ATPase to block gastric acid secretion[17,18]. Researchers have also found that the lateral intracerebroventricular injection of nesfatin-1 can reduce the gastrointestinal mobility of rats[19].

Innovations and breakthroughs
This in vivo experiment revealed that the intracerebroventricular injection of nesfactin-1could suppress gastric function in obese rats. Moreover, its effect on the gastric emptying and gastric acid secretory capacity of rats is dose-dependent within a certain amount of time. Furthermore, the intracerebroventricular injection of nesfactin-1could also suppress the expression of H+/K+ ATPase in vivo, which may be the mechanisms of the decrease of gastric acid secretory. 

Applications
The study demonstrated the intracerebroventricular injection of nesfactin-1 could successful suppress gastric function in obese rats, which means it have the potential to be used to treat obesity. If further researches find the exact molecular mechanism of nesfactin-1, obesity may be also cured someday. 

Peer- review
Although obesity is a major global public health issue, there is still no cure for obesity. This study revealed that the intracerebroventricular injection of nesfactin-1 could successful suppress gastric function in dose-dependent manner within a certain amount of time. A preliminary theoretical basis for the development of nesfatin-1 for the treatment of obesity is provided by this research.
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Table 1 High-fat diet-induced obese rat model

	Group
	Body weight (g)
	Body length (cm)
	Lee’s index
	Triglyceride (mmol/L)

	Control (n = 5)
	329.76 ± 65.23
	19.8 ± 0.8
	335.59 ± 12.87
	1.22 ± 0.24
	

	High-fat diet (n = 40)
	410 ± 53.34
	21.02 ± 1.0
	357.40 ± 13.98
	1.56 ± 0.26
	

	t
	-3.101
	-2.616
	-3.125
	-2.776
	

	P
	0.003
	0.012
	0.002
	0.008
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Figure 1 Changes in gastric acid secretion in rats. A: Intracerebroventricular injection; B: Intravenous injection. Rats were randomly assigned into 30 groups based on drug dosage and the representative time points after administration. In each group, 15 rats were intracerebroventricularly injected with the drug, while the remaining 15 rats were intravenously injected with the drug. X axis: drug dosage; Y axis: time points after drug administration; Z axis: gastric acid secretory capacity, which was presented as the height of the histogram with its corresponding color (capacity: black < white < yellow < orange < gray). As shown in Figure 1B, the gastric acid secretion level of rats in the 1.0μg/5μLnesfatin-1 group reached 358.85 μmoL at two hours after intravenous injection. This level was much lower than that in rats at zero-hour after intravenous injection (618.27 μmoL). The difference was statistically significant (P = 0.000). cP < 0.001, bP < 0.05; NS: No significant difference.
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Figure 2 Changes in gastric emptying function in rats. A: intracerebroventricular infusion; B: intravenous injection. Rats were randomly assigned into 30 groups based on the drug dosage and representative time points after administration. In each group, and every 15 rats were intracerebroventricularly injected, while 15 rats were intravenously injected. X axis: drug dosage; Y axis: time points after drug administration; Z axis: gastric emptying function, which was presented as the height of the histogram with its corresponding color (capacity: black < blue < light blue < yellow < red < gray). As shown in Figure 2B, the gastric emptying rate of rats in the 1.0μg/5μLnesfatin-1 group reached 46.69% at two hours after intravenous injection. This was much lower than in rats at zero-hour after intravenous injection (62.84%). The difference was statistically significant (P = 0.024). The differences were not statistically significant, cP < 0.001, bP < 0.05; NS: No significant difference. 
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Figure 3 The mRNA expression of H+/K+-ATPase. A: A typical RT-PCR result; B: The mRNA expression of H+/K+-ATPase in different groups. cP < 0.001, bP < 0.05; NS: No significant difference.
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Figure 4 Protein expression of H+/K+-ATPase. A: A typical of western-blot result; B: The protein expression of H+/K+-ATPase in different groups. cP < 0.001,bP < 0.05; NS: No significant difference.
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