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Abstract. 
The arcuate nucleus (ARC) in the basal of hypothalamus plays an important role in appetite regulation and energy balance. We sought to investigate the central neuroendocrine mechanism of appetite decrease and weight loss under chronic stress by observing the regulatory effects of Xiaoyaosan decoction in the expression of leptin receptor (ob-R) and neuropeptide Y (NPY) in the ARC. Our results showed that bodyweight and food intake of rats in the 21-day stress group increased slower than those of the normal group. Higher contents of Leptin and ob-R were noted in the 21-day stress group compared with control rats, while NPY expression was not statistically different. Xiaoyaosan powder can significantly downregulate the contents of leptin and ob-R in the hypothalamus of stressed rats. These findings suggest that increase of ob-R expression in the ARC is possibly one key central neuroendocrine change for the somatic discomfort. Weight loss and decreased food intake in rats caused by the binding of leptin to ob-R in hypothalamus do not appear to utilize the NPY pathway. This study also suggests that ob-R in the ARC may act as the target of Xiaoyaosan in regulating the symptoms such as appetite decrease and bodyweight loss under chronic stress.
 

1. Introduction
The body needs timely adjustment of physiological status to adapt to stress. Moderate stress is beneficial to the body; while excessive stress can influence the body’s mental and physical health. Studies show that stressful events significantly affect body’s feeding behaviors [1] and that, long-term, chronic, and repeated stresses can cause decreased food intake and bodyweight loss in rats [2–6]. Previous experiments of this research team also suggested that chronically stressed rats presented abnormalities of emotions and behaviors such as depression and anxiety, which were mostly accompanied by slow increases of food intake and bodyweight along with other changes [7, 8]. At present, most research focuses on the central neuroendocrine mechanisms of abnormalities of emotions and behaviors such as stress-induced depression and anxiety; while there are few studies on the mechanisms underlying food intake and bodyweight changes under stress.
The hypothalamic nucleus group is required for the regulation of energy balance. Specifically, the ARC in the basilar part of hypothalamus plays an important role in appetite regulation and energy balance. Neuropeptide Y (NPY) is a polypeptide with biological activity composed of 36 amino acids that is widely distributed in the mammalian central and peripheral nervous systems. In hypothalamus, NPY content is the highest; while expression of NPY neurons in hypothalamus is the most in the ARC [9]. Leptin receptor (ob-R) belongs to a family of cytokines. The hormone receptor ob-R plays a role by binding with specificity of leptin to regulate many physiological functions. Also, ob-R is widely distributed in the central nervous system of normal rats  and hypothalamus nucleus groups such as the ARC, paraventricular nucleus, ventromedial nucleus, and dorsomedial [10, 11]. Studies show that ob-R and NPY coexist in the ARC [12–14] and that the binding of ob-R with leptin can influence the synthesis and secretion of NPY and, thus, regulate food intake and energy metabolism [15–17]. Specifically, NPY can enhance appetite and promote food intake. Conversely, binding of ob-R can inhibit appetite and decrease food intake. In energy metabolism, feeding behavior and bodyweight, NPY and ob-R oppose and assist each other.
Studies showed that NPY can regulate emotional and behavioral changes caused by stress and can induce antistress and antianxiety effects in multiple-stress animal models [18, 19]. The hypothalamic-pituitary-adrenal (HPA) axis and NPY influence each other [20–23], and NPY is regarded as the “stress molecule” [24, 25], which plays an important role in the common core mechanism of psychological and somatic stress responses. However, there is still no systematic study on the mechanism of ob-R change in central nervous system under stress and the mechanism of how NPY and ob-R regulate appetite and energy metabolism under stress.
The Xiaoyaosan prescription originated from the book Taiping Huimin Heji Jufang in the Song Dynasty (960–1127 A.D.) and was composed of eight crude drugs, such as Radix Angelicae Sinensis, Radix Paeoniae Alba, Radix Bupleuri, Rhizoma Atractylodis Macrocephalae, Radix Et Rhizoma Glycyrrhizae, Poria, Rhizoma Zingiberis Recens, and Herba Menthae Haplocalycis. Xiaoyaosan is prescribed to sooth the liver, tonify spleen, and nourish blood. The finished products (pill, decoction, etc.) were always used to treat mental diseases such as depression for centuries in China [26, 27]. Now, they are being used for multiple-system diseases such as mental disorders, neurological diseases, digestive system diseases, respiratory diseases, endocrine diseases, and gynecologic diseases [28–30]. The reliability of the therapeutic effect of Xiaoyaosan in relieving symptoms of chronic stress has been widely proved. For example, Xiaoyaosan can influence the expression of the genes encoding proopiomelanocortin (POMC), corticotropin releasing factor (CRF), encephalin, and preprodynorphin [31, 32]. Xiaoyaosan also reversed chronic immobilization stress- (CIS-) induced decreases in brain-derived neurotrophic factor (BDNF) and increases in tyroxine hydroxylase (TrkB) and neurotrophin 3 (NT-3) in the frontal cortex and the hippocampal CA1 subregion [7]. Xiaoyaosan can interfere with metabolic network abnormalities of chronic unpredictable mild stress or CIS model animals, and we should further seek or elucidate the targets or receptor of characteristic metabolic molecules of antistress effect of drugs [33–35].
Based on the regulating effect of ob-R and NPY in the ARC on appetite and energy metabolism and the defined anti-stress effect of Xiaoyaosan, we studied changes in NPY and ob-R in the ARC of rats stressed by chronic immobilization in order to elucidate the possible mechanisms of appetite decrease and bodyweight loss under chronic stress. At the same time, we also studied the regulating effect of Xiaoyaosan decoction on the above changes.

2. Materials and Methods
2.1. Animals
The healthy male Sprague Dawley (SD) rats with bodyweight of 
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 g were purchased from Beijing Vital River Laboratory Animal Technology Limited Company. Standard animal feeding room: room temperature: 
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; relative humidity: 30% to 40%; Light condition: (light for 12 h: 07:00 to 19:00, darkness for 12 h: 19:00 to 07:00); ad libitum purified water. The rats were randomly divided into 4 groups, namely, the control group, the 7-day stress group, the 21-day stress group, and the Xiaoyaosan-treated group, which were also stressed. In each group, there were 24 rats in 8 cages and 3 rats in each cage. The rats in the normal control group were fed routinely for 21 days; continuous immobilization stress for 3 h/day for 7 days was conducted for the rats in the 7-day stress; continuous immobilization stress for 3 h/day for 21 days was conducted for the rats in the 21-day stress groups; while continuous immobilization stress for 3 h/day was conducted for the rats in the Xiaoyaosan-treated group for 21 days. Xiaoyaosan was intragastrically administered 30 min before chronic immobilization stress. The rats were fed and provided with water ad libitum. All the animals in the study were maintained in accordance with the guidelines of China legislations on the ethical use and care of laboratory animals. All efforts were made to minimize animal suffering and the number of animals needed to produce reliable data.

2.2. Preparation of Extracts of Xiaoyaosan
Composition proportions of Xiaoyaosan prescription: Poria : Radix Paeoniae Alba : Radix Et Rhizoma Glycyrrhizae : Radix Bupleuri : Radix Angelicae Sinensis : Rhizoma Atractylodis Macrocephalae : Herba Menthae Haplocalycis : Rhizoma Zingiberis Recens equaled to 3 : 3 : 1.5 : 3 : 3 : 3 : 1 : 1. All 8 crude drugs were purchased from Beijing Tongrentang (Bozhou) Decoction Pieces Limited Company and authenticated by Dr. B. Liu, Department of Botany, and Beijing University of Chinese Medicine. All crude drugs were extracted by the Chinese medicine preparation room of China-Japan Friendship Hospital as previously described [7]. Extraction steps were performed as follows: Poria, Radix Paeoniae Alba, and Radix Rhizoma Glycyrrhizae were boiled and extracted three times with 10 volumes (2 h), 8 volumes (1 h), and 8 volumes (1 h) of water to obtain the extraction liquid (A). Radix Bupleuri, Radix Angelicae Sinensis, Rhizoma Atractylodis Macrocephalae, Herba Menthae, and Rhizoma Zingiberis Recens were soaked with 10 volumes of water for 12 h to obtain the volatile oil, drug liquid (B), and drug residue (C). Subsequently, C was boiled in 8 volumes of water for 1 h and extracted twice to obtain the extraction solution (D). Extraction solutions A, B, and D were mixed to form the water extraction liquid (E). Next, E was filtered and centrifuged (3000 r/min for 40 min). The supernatant was collected and vacuum dried at 70°C. Then, the dried product and the volatile oil were processed into dry decoction for use. The extraction rate was 18.8%. Xiaoyaosan (was dissolved in deionized water and administered by intragastric injection at a dose of) was 3.854 g/kg·d, and deionized water was used in all groups. 
2.3. Chronic Immobilization Stress (CIS) Procedure
A previously described chronic constraint method [31] was used in which rats were bound to a binding rack (type T binding platform: the base: width of 10 cm, length of 20 cm, thickness of 2.8 cm; the upper part of binding platform for rat binding: length of 22 cm, maximum width of 6.6 cm; the front end had small frames for fixing the head and small grooves suitable for placing limbs; the upper binding platform had two adjustable soft belts which could, respectively, fix the chest and abdomen of animal) for 3 h every day. Binding time points were randomly selected from 7:00 am to 16:00 pm in an effort to avoid the animal adaptation to a fixed binding time. Moreover, before administration, bodyweight and food intake of rats (including those at 0 day) were weighed. Daily food intake was calculated by subtracting the intraday surplus food amount from the feeding amount at the last one day. 
2.4. ELISA for Measurement of Leptin, NPY, and ob-R Content in Hypothalamus
On the 22nd day of the trial, 6 rats in the normal control group, the 21-day stress group, and the Xiaoyaosan-treated group were anaesthetized with an intraperitoneal injection 10% chloral hydrate (0.35 to 0.40 mL/100 g bodyweight). Subsequently, the hypothalamus was removed and placed a 2 mL EP tube, immediately frozen on liquid nitrogen (http://www.iciba.com/liquid nitrogen) and stored below −20°C. To create a hypothalamus homogenate: the hypothalamus specimen was boiled in 1 mL normal saline for 3 min. Then, 0.5 mL of 1 N glacial acetic acid was added, and the mixture was homogenized with hand-held electric homogenizer. Next, 0.5 mL of 1 N NaOH was added for neutralization. The solution was mixed uniformly and centrifuged at 3500 ×g for 20 min at 4°C. The supernatant was collected and stored at −20°C. According to the kit instructions, leptin, ob-R, and NPY contents in hypothalamus were detected by ELISA method.
2.5. Double-Labeling Immunofluorescence for NPY and ob-R in the ARC of Hypothalamus
On the 8th day of the trial for the 7-day stress group and on the 22nd day of the trial for the normal control group, the 21-day stress group and Xiaoyaosan-treated group, samples were acquired (the same as following test). 6 rats in each group were anaesthetized with an intraperitoneal injection of 10% chloral hydrate (0.35 to 0.40 mL/100 g bodyweight), and the left ventricular ascending aortic perfusion fixation of the heart was carried out. Firstly, the samples were quickly washed with 0.9% NaCl solution (precooled to 4°C in advance) by perfusion, and then 4% paraformaldehyde solution was perfused with continuously. Perfusion was stopped when the tail tip hardened. Rats were sacrificed by decapitation and the whole brain was taken out. The whole brain was placed into 4% paraformaldehyde solution, stored at 4°C, and fixed for 12 h. Brain tissues were transferred into sucrose solutions with concentration of 20% and 30% for dehydration and stored at 4°C. The constant temperature freezing microtome (Leica CM1900) was used for sectioning, and section thickness was about 30 μm.
The main steps of double-labeling immunofluorescence were as follows: (1) washed with 0.05 M TBS three times, 5 min once; (2) incubated in 0.05 M TBS containing 0.5% TritonX-100 for 1 h in the incubator at 37°C; (3) washed with 0.05 M TBS three times, 5 min each; (4) added 0.05 M TBS blocking liquid containing 10% donkey serum (Millipore Corporation, USA) and 0.5% TritonX-100 and incubated for 1 h at room temperature; (5) removed blocking liquid and adding 1 : 500 of rabbit antineuropeptide Y polyclonal antibody (Millipore Corporation, USA) diluted with 0.05 M TBS containing 2% donkey serum and 0.5%TritonX-100 and incubated at 4°C overnight; (6) washed with 0.05 M TBS containing 2% donkey serum and 0.5% TritonX-100 for three times, 5 min each; (7) added 1 : 200 of Alexa Fluor@ 594 donkey anti-rabbit IgG (Invitrogen, USA, dilution liquid, the same as antibody I) and incubated for 4 h at room temperature, protected from light; (8) washed with 0.05 M TBS for three times, 5 min each; (9) added the blocking liquid (the same as step (4)) and incubated for 1 h at room temperature; (10) removed the blocking liquid and adding 1 : 50 of Goat anti-ob-R polyclonal antibody (Santa Cruz Biotechnology, Inc., USA) diluted with 0.05 M TBS containing 2% donkey serum and 0.5% TritonX-100. The mixture was incubated for 40 h at 4°C; (11) washed for three times, 5 min each (the same as step (6)); (12) added 1 : 200 of Alexa Fluor@ 488 donkey anti-goat IgG (Invitrogen, USA, dilution liquid, the same as antibody I). The mixture was incubated for 4 h at room temperature, protected from light; (13) washed with 0.05 M TBS for three times, 5 min each; (14) mounted the section on glass slide, and HardSet Mounting Medium with DAPI (Vector H-1500, USA) was used for sealing. Tris was purchased from Sigma Company; TritonX-100, paraformaldehyde, NaCl, and sucrose were purchased from Beijing Chemical Reagent Limited Company.
ZEISS LSM510 META laser scanning confocal microscope was used for imaging and analysis of 10 slices in each group. The integral optical density (IOD), NPY and ob-R colocalization area, and NPY or ob-R weight colocalization coefficient were calculated and selected for statistics from analytic results. weight colocalization coefficient represents sum of intensities of colocalizing pixels in channel 1 or 2, respectively, as compared to the overall sum of pixel intensities above threshold and in this channel. Value range of 0-1 (0: no colocalization, 1: all pixels colocalization). The number of positive neurons was measured with Image Pro Plus.
2.6. In Situ Hybridization for NPY mRNA and ob-R mRNA in the ARC
Six rats in each group were injected intraperitoneally with 10% chloral hydrate (0.35 to 0.40 mL/100 g bodyweight), left ventricular ascending aortic perfusion prefixation was carried out, and postfixation of 4% paraformaldehyde was conducted (3 to 8 h). Subsequently, brain tissues were transferred into sucrose solutions with concentration of 20% and 30% for dehydration. The specific steps were the same as in the double-labeling immunofluorescence experiment described above. 0.9% NaCl solution, post-fixation solution of 4% paraformaldehyde, and 20% and 30% sucrose solutions were prepared with RNase-Free water. Constant temperature freezing microtome (Leica CM1900) was used for sectioning, and section thickness was about 14 to 15 μm.
In situ hybridization assay kits of rat NPY and ob-R were purchased from Wuhan Boster Biological Engineering Limited Company. (1) mRNA sequences of rat ob-R target gene:  (a) 5′-ATTTT CCACC CAAAA TTCTG ACTAG TGTTG-3′;  (b)  5′-ATCTG GCTAT ACAAT GTGGA TCAGG ATCAA-3′;  (c)   5′-AAGTT CCTAT GAGAG GGCCT GAATT TTGGA-3′. (2) mRNA sequences of rat NPY target gene:  (a) 5′-TACCC CTCCA AGCCG GACAA TCCGG GCGAG-3′;  (b)  5′-CTGCG ACACT ACATC AATCT CATCA CCAGA-3′. According to the kit instructions, in situ hybridization staining was conducted. All the used solutions were prepared with RNase-Free water. Elite ABC Kit was purchased from Vector, USA; DEPC, Tris, and DAB were purchased from Sigma, USA.
ZEISS Primo Star microscope was used for imaging, and Image-Pro Plus 6.0 Image Analysis System was used for image analysis. Nine slices in each group were selected from the ARC positions (area of 150 μm × 150 μm). In addition, the number of positive cells (cells) and integral optical density (IOD) were counted. IOD = measured value of IOD/total measured area.
2.7. RT-qPCR for NPY mRNA and ob-R mRNA in the ARC
Six rats in each group were anaesthetized with intraperitoneal injected 10% chloral hydrate (0.35 to 0.40 mL/100 g bodyweight). Brain tissues were rapidly taken out, immediately frozen on liquid nitrogen, and stored at −80°C. Solutions were prepared with DEPC-treated water, and vessels were soaked in DEPC water and sterilized at high temperature.
Oven temperature of the constant temperature freezing microtome (Leica, Germany) was adjusted to −10°C. The section thickness was set as 60 μm (the maximum setting), and shook the hand shank of frozen section to turn back 5 rings with forward 1 ring, then, 300 μm brain tissue was sectioned, and effective tissue slices were selected and placed onto clean glass slides. The ARC was taken out on dry ice with a flat needle, placed into RNase-Free 1.5 mL EP tube, immediately frozen in liquid nitrogen, and stored at −80°C.
Brain tissues were completely homogenized with a hand-held electric homogenizer (KONTES, USA), and the total RNA of the ARC was extracted by using the Trizol method and stored at −70°C. According to the instructions of GoTaq@ 2-Step RT-qPCR System kit (Promega Corporation, USA), reverse transcription reaction and quantitative determination of cDNA were conducted.
According to Genebank sequences and the literatures [36, 37], NPY, ob-R, β-actin primers were designed. Among them, And β-actin acted as the internal reference. Beijing AuGCT DNA-SYN Biotechnology Co., Ltd. was entrusted to synthesize the primers. Primers: NPY, Forward: 5′-TGTGGACTGACCCTCGCTCTAT-3′101, Reverse: 5′-TGTAGTGTCGCAGAGCG GAGTA-3′239, NM_012614.1, 139 bp; ob-R, Forward: 5′-TCTGCCTGAAGTTATAGATGATTTG-3′492, Reverse: 5′-GTCACTCCAGACTCCTGAGCCATCC-3′957, NM_012596.1, 466 bp; β-actin, Forward: 5′-GCTTCTCTTTAATGTCACGCACG-3′24, Reverse: 5′-CCATCCAGGCTG TGTTGTCC-3′266, NM_031144.2, 243 bp. 
According to GoTaq@ 2-Step RT-qPCR System and “Primed Synthesis Report Sheet” of AuGCT, 25 μL GoTaq@ qPCR Master Mix reaction system was prepared and mixed uniformly. Real-time fluorescent quantitative PCR instrument (Bio-rad Chromo4 CFB-3240, USA) was used for fluorescent quantitative PCR amplification. Optimum conditions of qPCR: NPY & β-actin: 95°C 2 min; 95°C 15 s, 60°C 1 min, 40 cycles; 60 to 95°C. ob-R & β-actin: 95°C 5 min; 95°C 30 s, 59°C 40 s, 72°C 1 min, 30 cycles; 72°C 10 min.
DEPC (diethyl pyrocarbonate), agarose, and Trizol reagent were purchased from Sigma Company, USA; chloroform, isopropyl alcohol, and anhydrous alcohol were purchased from Beijing Chemical Reagent Limited Company.
Fluorescent quantitative PCR results were used to calculate relative expressions of NPY mRNA and ob-R mRNA using the previously described of 
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 was used for variance analysis and histogram.
2.8. Statistical Processing
Data were expressed as mean ± standard error of mean (
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). Using SPSS 17.0 software and one-way ANOVA was applied for general data. In addition, LSD method was adopted for the comparisons between groups. Repeated measurement process of general linear model (GLM) in SPSS17.0 was used to conduct one-way ANOVA analysis for repeated measured data (bodyweight and food intake), and multivariate analysis process of variance was used to make comparisons between groups on each time point (LSD method). 
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3. Results
3.1. Bodyweight and Food Intake of Rats with Constraint Stress for 21 Days Significantly Reduced; While Xiaoyaosan Prevented This Effect
Before constraint stress, there was no significant difference in bodyweight and food intake among the 3 groups of rats (Table 1). From the 2nd day of constraint stress, bodyweight of simple stress rats was significantly lower than that of the normal control group at the same time point (
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). From the 6th day of constraint stress, bodyweight of the Xiaoyaosan-treated group was significantly lower than that of the normal control group at the same time point (
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). From the 16th day to 21st day, bodyweight of the Xiaoyaosan-treated group was significantly higher than that of simple stress rats at the same time point (
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Table 1: Changes of bodyweight (
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				0
				6
				.
				3
				3
				3
				±
				4
				.
				0
				5
				9
			

		
	
	
	
		
			
				2
				7
				4
				.
				7
				9
				2
				±
				4
				.
				1
				1
				3
			

		
	

                  **
                	
	
		
			
				2
				8
				5
				.
				3
				6
				0
				±
				4
				.
				3
				3
				1
			

		
	

                  **
                
	Day 15	
	
		
			
				3
				1
				0
				.
				1
				6
				7
				±
				4
				.
				3
				7
				0
			

		
	
	
	
		
			
				2
				7
				9
				.
				1
				6
				7
				±
				4
				.
				0
				3
				9
			

		
	

                  **
                	
	
		
			
				2
				8
				9
				.
				8
				0
				0
				±
				4
				.
				1
				1
				5
			

		
	

                  **
                
	Day 16	
	
		
			
				3
				1
				6
				.
				2
				0
				8
				±
				4
				.
				2
				5
				8
			

		
	
	
	
		
			
				2
				8
				2
				.
				7
				0
				8
				±
				4
				.
				2
				0
				6
			

		
	

                  **
                	
	
		
			
				2
				9
				7
				.
				0
				4
				0
				±
				4
				.
				1
				1
				2
			

		
	
**▲
	Day 17	
	
		
			
				3
				2
				0
				.
				9
				5
				8
				±
				4
				.
				5
				1
				9
			

		
	
	
	
		
			
				2
				8
				6
				.
				4
				5
				8
				±
				4
				.
				2
				7
				6
			

		
	

                  **
                	
	
		
			
				3
				0
				2
				.
				8
				8
				0
				±
				4
				.
				1
				5
				1
			

		
	
**▲
	Day 18	
	
		
			
				3
				2
				4
				.
				8
				7
				5
				±
				4
				.
				4
				7
				3
			

		
	
	
	
		
			
				2
				9
				0
				.
				7
				9
				2
				±
				4
				.
				3
				9
				1
			

		
	

                  **
                	
	
		
			
				3
				1
				0
				.
				1
				2
				0
				±
				4
				.
				2
				7
				8
			

		
	
*▲▲
	Day 19	
	
		
			
				3
				2
				9
				.
				5
				4
				2
				±
				4
				.
				5
				9
				2
			

		
	
	
	
		
			
				2
				9
				5
				.
				6
				2
				5
				±
				4
				.
				4
				5
				5
			

		
	

                  **
                	
	
		
			
				3
				1
				6
				.
				2
				0
				0
				±
				4
				.
				2
				7
				9
			

		
	
*▲▲
	Day 20	
	
		
			
				3
				3
				6
				.
				3
				7
				5
				±
				4
				.
				9
				9
				6
			

		
	
	
	
		
			
				2
				9
				7
				.
				1
				2
				5
				±
				4
				.
				8
				0
				4
			

		
	

                  **
                	
	
		
			
				3
				2
				2
				.
				6
				8
				0
				±
				4
				.
				1
				6
				5
			

		
	
*▲▲
	Day 21	
	
		
			
				3
				4
				4
				.
				0
				8
				3
				±
				4
				.
				1
				3
				2
			

		
	
	
	
		
			
				3
				0
				2
				.
				2
				0
				8
				±
				4
				.
				9
				4
				2
			

		
	

                  **
                	
	
		
			
				3
				2
				6
				.
				9
				2
				0
				±
				4
				.
				2
				0
				9
			

		
	
*▲▲
	



	
		
			

				𝑁
			

			
				t
				h
				e
				c
				o
				n
				t
				r
				o
				l
				g
				r
				o
				u
				p
			

		
	
 = 24,  
	
		
			

				𝑁
			

			
				t
				h
				e
				2
				1
				-
				d
				a
				y
				s
				t
				r
				e
				s
				s
				g
				r
				o
				u
				p
			

		
	
 = 24, 
	
		
			

				𝑁
			

			
				t
				h
				e
				x
				i
				a
				o
				y
				a
				o
				s
				a
				n
				g
				r
				o
				u
				p
			

		
	
 = 24.

                *
                
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
, **
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
 versus the control group; ▲
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
, ▲▲
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
 versus the 21-day  stress group.


Table 2 shows that from the 2nd day of constraint stress, food intake of stress rats was significantly lower than that of the normal control group at the same time point (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
 or 
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
). From the 2nd day to 13th day of constraint stress, food intake of the Xiaoyaosan-treated group was significantly lower than that of the normal control group at the same time point (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
 or 
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
); while in the 3rd week of constraint stress, the food intake showed an increasing trend. Compared with the control group, there was no significant difference. Particularly on the 17th day, 19th day, and 21th day, the food intake of the Xiaoyaosan-treated group was significantly higher than that of stress rats (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
).
Table 2: Changes of food intake (
	
		
			
				𝑁
				=
				8
			

		
	
, 
	
		
			

				𝑔
			

		
	
,   
	
		
			
				
			
			
				𝑥
				±
			

		
	
SEM).
	

	Day  	The  control group	The  21-day stress group	The  Xiaoyaosan group
	

	Day 0	
	
		
			
				2
				2
				.
				5
				5
				6
				±
				0
				.
				7
				3
				3
			

		
	
	
	
		
			
				2
				3
				.
				7
				9
				4
				±
				1
				.
				1
				6
				0
			

		
	
	
	
		
			
				2
				4
				.
				1
				8
				8
				±
				0
				.
				7
				1
				5
			

		
	

	Day 1	
	
		
			
				2
				3
				.
				8
				2
				5
				±
				0
				.
				4
				9
				8
			

		
	
	
	
		
			
				1
				9
				.
				8
				5
				6
				±
				0
				.
				5
				5
				1
			

		
	

                  **
                	
	
		
			
				2
				0
				.
				5
				9
				4
				±
				0
				.
				5
				7
				5
			

		
	

                  **
                
	Day 2	
	
		
			
				2
				5
				.
				1
				6
				2
				±
				1
				.
				0
				6
				7
			

		
	
	
	
		
			
				2
				2
				.
				2
				0
				0
				±
				0
				.
				3
				5
				9
			

		
	

                  *
                	
	
		
			
				2
				1
				.
				9
				8
				1
				±
				0
				.
				7
				3
				6
			

		
	

                  **
                
	Day 3	
	
		
			
				2
				5
				.
				9
				6
				3
				±
				1
				.
				1
				6
				5
			

		
	
	
	
		
			
				2
				2
				.
				0
				5
				6
				±
				0
				.
				9
				0
				8
			

		
	

                  **
                	
	
		
			
				2
				3
				.
				1
				3
				8
				±
				0
				.
				4
				4
				5
			

		
	

                  *
                
	Day 4	
	
		
			
				2
				5
				.
				0
				0
				0
				±
				0
				.
				6
				7
				8
			

		
	
	
	
		
			
				2
				1
				.
				9
				4
				0
				±
				0
				.
				5
				9
				2
			

		
	

                  **
                	
	
		
			
				2
				2
				.
				4
				5
				6
				±
				0
				.
				4
				8
				8
			

		
	

                  **
                
	Day 5	
	
		
			
				2
				6
				.
				7
				4
				4
				±
				1
				.
				2
				9
				3
			

		
	
	
	
		
			
				2
				2
				.
				2
				4
				8
				±
				0
				.
				6
				0
				2
			

		
	

                  **
                	
	
		
			
				2
				1
				.
				6
				8
				1
				±
				0
				.
				6
				0
				8
			

		
	

                  **
                
	Day 6	
	
		
			
				2
				5
				.
				7
				9
				4
				±
				0
				.
				9
				7
				8
			

		
	
	
	
		
			
				2
				2
				.
				9
				5
				0
				±
				0
				.
				3
				9
				1
			

		
	

                  **
                	
	
		
			
				2
				1
				.
				8
				3
				1
				±
				0
				.
				5
				6
				3
			

		
	

                  **
                
	Day 7	
	
		
			
				2
				7
				.
				8
				0
				6
				±
				1
				.
				0
				1
				1
			

		
	
	
	
		
			
				2
				3
				.
				0
				8
				8
				±
				0
				.
				4
				0
				9
			

		
	

                  **
                	
	
		
			
				2
				3
				.
				2
				7
				5
				±
				0
				.
				5
				4
				8
			

		
	

                  **
                
	Day 8	
	
		
			
				2
				3
				.
				6
				4
				4
				±
				1
				.
				6
				3
				1
			

		
	
	
	
		
			
				1
				9
				.
				4
				4
				0
				±
				0
				.
				7
				2
				5
			

		
	

                  *
                	
	
		
			
				2
				0
				.
				1
				1
				9
				±
				0
				.
				6
				7
				2
			

		
	

                  *
                
	Day 9	
	
		
			
				2
				4
				.
				1
				6
				3
				±
				1
				.
				5
				7
				0
			

		
	
	
	
		
			
				2
				3
				.
				5
				0
				2
				±
				0
				.
				4
				7
				6
			

		
	
	
	
		
			
				2
				2
				.
				9
				7
				5
				±
				0
				.
				8
				3
				2
			

		
	

	Day 10	
	
		
			
				2
				6
				.
				5
				3
				1
				±
				1
				.
				0
				3
				2
			

		
	
	
	
		
			
				2
				4
				.
				2
				7
				9
				±
				0
				.
				6
				6
				0
			

		
	
	
	
		
			
				2
				4
				.
				3
				3
				7
				±
				1
				.
				1
				5
				3
			

		
	

	Day 11	
	
		
			
				2
				6
				.
				0
				9
				4
				±
				1
				.
				1
				7
				3
			

		
	
	
	
		
			
				2
				2
				.
				5
				7
				5
				±
				0
				.
				5
				6
				7
			

		
	

                  *
                	
	
		
			
				2
				3
				.
				2
				5
				0
				±
				0
				.
				8
				0
				2
			

		
	

                  *
                
	Day 12	
	
		
			
				2
				6
				.
				6
				6
				9
				±
				1
				.
				0
				9
				3
			

		
	
	
	
		
			
				2
				4
				.
				1
				1
				5
				±
				0
				.
				5
				4
				0
			

		
	

                  *
                	
	
		
			
				2
				3
				.
				6
				3
				1
				±
				0
				.
				8
				6
				0
			

		
	

                  *
                
	Day 13	
	
		
			
				2
				7
				.
				1
				3
				1
				±
				0
				.
				9
				7
				7
			

		
	
	
	
		
			
				2
				3
				.
				8
				7
				7
				±
				0
				.
				9
				6
				8
			

		
	

                  *
                	
	
		
			
				2
				3
				.
				9
				1
				9
				±
				0
				.
				8
				7
				1
			

		
	

                  *
                
	Day 14	
	
		
			
				2
				6
				.
				5
				7
				5
				±
				1
				.
				3
				9
				4
			

		
	
	
	
		
			
				2
				3
				.
				5
				0
				2
				±
				0
				.
				7
				0
				7
			

		
	

                  *
                	
	
		
			
				2
				3
				.
				9
				3
				1
				±
				0
				.
				3
				4
				2
			

		
	

	Day 15	
	
		
			
				2
				5
				.
				5
				4
				4
				±
				0
				.
				8
				7
				7
			

		
	
	
	
		
			
				2
				2
				.
				7
				7
				1
				±
				0
				.
				5
				4
				4
			

		
	

                  *
                	
	
		
			
				2
				4
				.
				1
				1
				3
				±
				0
				.
				6
				5
				6
			

		
	

	Day 16	
	
		
			
				2
				6
				.
				6
				3
				1
				±
				1
				.
				1
				9
				8
			

		
	
	
	
		
			
				2
				3
				.
				9
				5
				4
				±
				0
				.
				9
				8
				6
			

		
	
	
	
		
			
				2
				4
				.
				1
				9
				4
				±
				0
				.
				8
				7
				6
			

		
	

	Day 17	
	
		
			
				2
				6
				.
				5
				3
				8
				±
				0
				.
				7
				5
				1
			

		
	
	
	
		
			
				2
				2
				.
				4
				0
				3
				±
				0
				.
				6
				7
				3
			

		
	

                  **
                	
	
		
			
				2
				4
				.
				5
				4
				4
				±
				0
				.
				6
				2
				2
			

		
	
▲
	Day 18	
	
		
			
				2
				6
				.
				7
				1
				3
				±
				0
				.
				8
				1
				1
			

		
	
	
	
		
			
				2
				3
				.
				0
				8
				1
				±
				0
				.
				6
				6
				0
			

		
	

                  **
                	
	
		
			
				2
				4
				.
				8
				1
				2
				±
				0
				.
				6
				0
				6
			

		
	

	Day 19	
	
		
			
				2
				6
				.
				3
				8
				1
				±
				0
				.
				9
				4
				3
			

		
	
	
	
		
			
				2
				2
				.
				1
				0
				3
				±
				0
				.
				7
				9
				3
			

		
	

                  **
                	
	
		
			
				2
				4
				.
				3
				3
				7
				±
				0
				.
				4
				2
				5
			

		
	
▲
	Day 20	
	
		
			
				2
				6
				.
				9
				8
				8
				±
				1
				.
				0
				0
				0
			

		
	
	
	
		
			
				2
				2
				.
				1
				2
				5
				±
				1
				.
				3
				3
				8
			

		
	

                  **
                	
	
		
			
				2
				4
				.
				0
				7
				9
				±
				0
				.
				7
				5
				7
			

		
	

	Day 21	
	
		
			
				2
				6
				.
				2
				8
				1
				±
				1
				.
				0
				0
				8
			

		
	
	
	
		
			
				2
				1
				.
				7
				1
				9
				±
				1
				.
				1
				6
				4
			

		
	

                  **
                	
	
		
			
				2
				4
				.
				7
				6
				3
				±
				0
				.
				5
				2
				8
			

		
	
▲
	



                *
                
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
, **
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
  versus the control group; ▲
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
  versus the 21-day  stress group.


Figure 1 shows that in the 3rd week of constraint stress, bodyweight and food intake of simple stress rats were significantly lower than those of the normal group and the Xiaoyaosan-treated group. In the 1st week and 2nd week of constraint stress, the bodyweight and food intake of the Xiaoyaosan-treated group was lower than that of the normal control group. In the 3rd week, the bodyweight and food intake significantly increased and showed a trend close to those of the rats of the normal control group.


	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
			
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
		
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	







(a)


	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
			
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	







(b)
Figure 1: Changes in bodyweight and food intake in three groups. Each point represents the mean values and vertical bars represents SEM. 


3.2. Hypothalamic Leptin and ob-R Protein Expression in the 21-Day Constraint Stress Group Is Significantly Increased; While NPY Expression Shows No Obvious Change
For NPY content in rat hypothalamus, among the normal control group (
	
		
			
				2
				3
				.
				7
				1
				5
				±
				1
				.
				9
				6
				4
			

		
	
 ng/L), the 21-day stress group (
	
		
			
				2
				7
				.
				0
				7
				1
				±
				1
				.
				0
				5
				3
			

		
	
 ng/L) and the Xiaoyaosan-treated group (
	
		
			
				2
				3
				.
				4
				6
				3
				±
				1
				.
				5
				1
				7
			

		
	
 ng/L), there were no significant differences (
	
		
			
				𝑃
				>
				0
				.
				0
				5
			

		
	
) (see Figure 2(a)). ob-R expression in rat hypothalamus of the 21-day stress group (
	
		
			
				1
				0
				.
				6
				4
				4
				±
				0
				.
				3
				1
				1
			

		
	
 μg/L) was significantly higher than that of the normal control group (
	
		
			
				8
				.
				7
				9
				8
				±
				0
				.
				2
				3
				0
			

		
	
 μg/L) (
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
); while ob-R content in rat hypothalamus of the Xiaoyaosan-treated group (
	
		
			
				5
				.
				9
				3
				8
				±
				0
				.
				4
				2
				1
			

		
	
 μg/L) was significantly lower than that of the 21-day stress group and the normal control group, with obvious statistical significance (
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
) (see Figure 2(b)). The Leptin content in rat hypothalamus of the 21-day stress group (
	
		
			
				1
				.
				5
				0
				6
				±
				0
				.
				0
				4
				9
			

		
	
 μg/L) was significantly more than that of the normal control group (
	
		
			
				1
				.
				2
				3
				1
				±
				0
				.
				0
				3
				1
			

		
	
 μg/L) (
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
); while the Xiaoyaosan-treated group (
	
		
			
				1
				.
				3
				2
				2
				±
				0
				.
				0
				2
				2
			

		
	
 μg/L) was significantly lower than that of the 21-day stress group (
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
) (see Figure 2(c)).
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(c)
Figure 2: Differences in Leptin, NPY, and ob-R contents in hypothalamus. Each bar represents the mean values and vertical bars represent SEM. 
	
		
			
				⋇
				⋇
			

			
				𝑃
				<
				0
				.
				0
				1
			

		
	
 as compared with the control group; ▲▲
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
 as compared with the 21-day stress group.


3.3. Double-Labeling Immunofluorescence Results Show That ob-R Protein Expression in the