BioMed Research International
Volume 2019 (2019), Article ID 5815604, 11 pages
https://doi.org/10.1155/2019/5815604
Research Article
Sasa Quelpaertensis Nakai Induced Antidepressant-Like Effect in Ovariectomized Rats
Noof Abdullah Shaif,1 Donghyun Cho,2,3 Daehyuk Jang,1 Hyung Min Kim,2 Jin-Oh Chung,2 Sunmi Kim,2 Dae Bang Seo,2 Kyu-Ri Kim,3 Jaekyoon Shin,4 and Insop Shim5
1Department of Science in Korean Medicine, College of Korean Medicine, Kyung Hee University, Seoul, 02447,  Republic of Korea
2Vital Beautie Research Division, AMOREPACIFIC R&D Unit, Gyeonggi-do 17074,  Republic of Korea
3Department of East West Medical Science, Graduate School of East-West Medical Science, Kyung Hee University, Kyunggi-do 17104,  Republic of Korea
4Department of Molecular Cell Biology, Sungkyunkwan University School of Medicine, Suwon,  Republic of Korea
5Department of Physiology, College of Medicine, Kyung Hee University, Seoul 02447,  Republic of Korea
Correspondence should be addressed to Insop Shim; ishim@khu.ac.kr
Received 26 December 2018; Revised 25 March 2019; Accepted 25 June 2019; Published 11 July 2019
Academic Editor: Henrik Oster
 Copyright © 2019 Noof Abdullah Shaif et al.  This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Abstract. 
Background. Sasa quelpaertensis Nakai extract (SQE) or dwarf bamboo has been extensively investigated for its antioxidant and anti-inflammatory effects; however, no previous study assessed its effect as an antidepressant agent. Therefore, this study was designed to examine the effect of oral SQE administration in ameliorating menopausal depressive symptoms and to evaluate its mechanisms in ovariectomized rats with repeated stress. Methods. All experimental groups except normal group underwent ovariectomy and then immobilization for 14 consecutive days. During these 2 weeks, two rat groups received SQE (100 and 300 mg/kg orally) and their cutaneous body temperature was measured. The tail suspension test (TST) and forced swim test (FST) were performed in order to evaluate depression-like behavior. Additionally, enzyme-linked immunosorbent assay (ELISA) and immunohistochemistry were carried out to evaluate the central monoaminergic neurotransmitter levels and activity. Results. Oral SQE (100 mg/kg) administration had reduced immobility time in TST and FST. Additionally, the SQE 100 and 300 mg/kg administration had decreased the cutaneous body temperature in the rats compared to those without treatment. In ELISA analysis, the SQE 100 group expressed elevated levels of serotonin and dopamine in the hypothalamus, prefrontal cortex, and hippocampus. Antityrosine hydroxylase (anti-TH) antibodies showed a tremendous increase in the density of TH positive cells in the locus coeruleus (LC) region of the SQE 100 group. Likewise, the SQE 100 elevated the number of tryptophan hydroxylase (TPH) and protein kinase C (PKC) immunoreactive cell counts and density in the hypothalamic region. Conclusion. These results suggested that the oral SQE administration induced the antidepressant-like effect in the ovariectomized rats with repeated stress via upregulating the levels of serotonin and dopamine through enhancing the expression of TH, TPH, and PKC in many brain areas.

1. Introduction
Major depressive disorders (MDD) are serious mood diseases that cause heavy economic and health burden since they affect 322 million people worldwide. Recently, the World Health Organization published a report indicating that the depressive disorders’ prevalence is higher in women especially during the menopausal period due to the fluctuation of the sexual hormones levels [1].
Menopause is defined as a state of menstrual cycles’ cessation in women for one year. Menopause could be as a result of a natural aging process, undergoing ovariectomy, or hysterectomy, or due to idiopathic premature ovarian failure [2–4].
For many years, several studies have attempted to elucidate the underlying pathology of menopausal depression through estrogen withdrawal theory. The menopausal period is characterized by fluctuation in estrogen hormones levels, which cause mood disturbances in the perimenopausal women [5]. Also, this theory suggested that reduced estrogen hormones influence brain neurotransmitters levels, such as serotonin, dopamine, and norepinephrine [4–6].
The menopausal women not only show depressive symptoms but also show hot flushes (HF), sleep disturbance, and bone fractures [6–8]. HF is the most bothersome symptom which is characterized by profuse sweating and face flushing. The mechanism of HF is still not clear; however, the authors [9] reported a potential correlation between HF and norepinephrine (NE) levels. Presence of abnormal NE levels in the brain, accompanied by low estrogen levels, is noticed to cause a dysfunction in the body temperature.
Several studies have addressed the neuroprotective and neuroregulatory role of estrogen hormones [10–13]. Estrogen regulates monoaminergic neurotransmitters levels like dopamine and serotonin [14, 15] and protects neurons by upregulating protein kinase C (PKC) activity and expression in the central nervous system [16]. PKC regulates the synaptic membrane and neuronal plasticity, releases neurotransmitter, and prevents neurons apoptosis [16–20]. It is renowned now that low estrogen hormones, as well as stress, attenuate hippocampal PKC expression, which is believed to be involved in the pathology of the depressive disorders [21–23].
There is increasing interest in alternative medicine and natural herbs that produce many beneficial and healing properties without any adverse effects. Sasa quelpaertensis Nakai extract (SQE) or dwarf bamboo (Korean name, Jeju-Joritdae) is a unique bamboo grass which belongs to the Poaceae family that is only growing in Halla Mountains on Jeju Island, South Korea. Its leaves are edible and are used as tea with proven antiulcerogenic, antiobesity, and anticancer effects [24–26].
Recently, this bamboo grass gained more attention in traditional medicine due to its dietary phytochemicals (including p-coumaric acid and tricin) that boost general health [27–32]. It is reported that bamboo leaf extract enhanced the levels of acetylcholine and γ-aminobutyric acid (GABA) in rat’s hippocampus and improved the learning and memory ability of dementia model rats [33]. Additionally, the authors [34] addressed bamboo leaf extract to have an anxiolytic effect on the high-fat diet-induced anxiety in mice. However, no previous study reported the effect of bamboo leaf extract on the central monoaminergic neurotransmitters and its mechanisms in ameliorating depressive symptoms. Therefore, in this present study, we aimed to investigate the antidepressant-like effect of oral SQE and to elucidate its mechanisms in the ovariectomized and repeatedly stressed rats.
Previous studies have reported that the menopausal period in women’s life is so stressful [35–37]. Therefore, we performed immobilization to induce stress in the ovariectomized rats in order to intensify the depression-like symptoms in our animal model.
2. Materials and Methods 
2.1. Sasa quelpaertensis Nakai Extract (SQE) Preparation
Sasa quelpaertensis Nakai leaves were plucked from Halla Mountain (Jeju Island, Korea) and dried for 24 hr at 60°C. The dried Sasa quelpaertensis Nakai leaves were firstly extracted with 50% ethanol for 2 hr at 70°C and filtered to obtain 1st supernatant. The remaining residues were extracted with water at 80°C for 2 hrs once more and filtered, to obtain 2nd supernatant. Then, two clear supernatants were mixed and concentrated in a vacuum evaporator, to obtain Sasa quelpaertensis Nakai concentrate, and stored at −20°C for future use.
2.2. Animal Experiment
Eight-week-old female Sprague-Dawley (SD) rats were used in two experiments and were obtained from Samtako Animal Company (Seoul, Korea). Rats were housed in their cages and kept under a standard degree of temperature and humidity with a light/dark cycle each day. The animals were allowed to acclimatize themselves for 1 week before the experiments began. Experiments were authorized by the Institutional Animal Care and Use Committee at Kyung Hee Medical Center.
To generate the menopausal animal model, ovariectomy surgery (OVX) was achieved by pentobarbital sodium (50 mg/kg, i.p.). According to the method described in this study [38], the surgical area was wiped with ethanol and 2 cm midline dorsal skin incision was made. Once the ovaries were recognized, they were removed and then the muscle and skin layer were stitched up separately by absorbable and nonabsorbable suture, respectively (Blue Nylon sutures- 4/0, AILEE Comp. Ltd., Korea). The surgical incision was cleaned with povidone-iodine and all rats were allowed 7 days for postsurgery recovery under similar laboratory conditions.
The first experiment was intended to examine the effect of SQE on behavioral tests and on upregulating neurotransmitter levels in the brain. The second experiment was designed to elucidate the SQE mechanisms that enhance neurotransmitter levels. Thirty-eight rats (in each experiment) were distributed randomly into four experimental groups: nonoperated and nonstressed group (normal, n =8), ovariectomized and stressed group (control, n =10), ovariectomized group which underwent stress with SQE 100 mg/kg being orally administered (SQE 100, n =10), or with SQE 300 mg/kg (SQE 300, n =10).
SQE was administered orally by a rat gavage needle and was prepared freshly before every experiment. The SQE groups were treated with SQE (100 and 300 mg/kg) for 14 consecutive days; however, sterile saline was administered to the normal and control groups. All procedures of both experiments were conducted in the same manner; nevertheless, the extraction process of rats’ brains was changed based on the designed tests (Figure 1) [39].




	
	
		
		
		
		
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			


Figure 1: Experimental schedule of developing ovariectomized rat model, repeated stress, and SQE administration. OVX: ovariectomy, TST: tail suspension test, FST: forced swim test, ELISA: enzyme-linked immunosorbent assay, and IHC: immunohistochemistry.


2.3. Stress Procedure
After the postsurgical recovery period, the ovariectomized rats underwent immobilization according to the chronic stress protocol [40–42]. The stress was conducted via plastic bags (a disposable rodent restraint cone, Harvard Instrument, USA) for 2 hr daily for 14 consecutive days. All groups, except normal group, underwent the same stress.
One day after the end of immobilization, behavioral tests were conducted; then rats were sacrificed and brain tissues were immediately collected and stored at −80°C.
2.4. Peripheral Body Temperature Measurement
The proximal part of the rat’s tail skin temperature was assessed during the treatment period. We utilized an Infrared Thermometer for rodents (153-IRB, Braintree Scientific, USA) [39, 43].
2.5. Behavioral Tests
2.5.1. Tail Suspension Test (TST)
The rats were suspended using an adhesive tape around its proximal part of the tail which was fixed to a metal hook located at the top of each compartment in a wooden box (width: 30 cm, height: 54 cm, and diameter: 47 cm). Rats were taped for 6 min to calculate the immobility time manually [44, 45].
2.5.2. Forced Swim Test (FST)
After 2 weeks of treatment, rats were acclimated for 15 min before the test by placing them in a transparent Plexiglas cylinder (50 cm × 20 cm diameter) filled with water. After 1 day, all rats underwent a forced swim test for 6 min. The immobility behavior was defined as the time of absence of rat movement while floating on water [46].
2.6. ELISA Analysis for Serotonin (5-HT) and Dopamine (DA) in the Prefrontal Cortex, Hippocampus, and Hypothalamus
After behavioral testing, the animals of the 1st experiment were deeply anesthetized with sodium pentobarbital (80 mg/kg, administered i.p.) and the brains were immediately removed and coronally sectioned by using rodent brain matrix (ASI instruments Inc., MI, USA). The prefrontal cortex, hippocampus, and hypothalamic regions of the brain were punched out on a cold plate and stored at −80°C until the assay.
The brain tissues were standardized with a lysis buffer (137 mM NaCl, 20 mM Tris, 10% glycerol, 1% NP40, 1 mM PMSF, 1 mg/ml leupeptin, 10 mg/mL aprotinin, and 0.5 mM sodium vanadate) and then incubated at 4°C. The serotonin and dopamine levels in the 3 previously mentioned areas were evaluated by Serotonin/Dopamine ELISA kit (Catalog number: BA E-5900 and BA E-5300, LDN, Germany).
2.7. Immunohistochemistry Analysis for Tryptophan Hydroxylase (TPH), Tyrosine Hydroxylase (TH), and Protein Kinase C (PKC)
After sacrificing the rats of the 2nd experiment, the brains were postfixed and cryoprotected with sucrose 20% in PBS solution at 4°C. Coronal sections (30 μm) were collected from the locus coeruleus (LC) and hypothalamic regions. The sections were immunostained for TH expression (primary mouse anti-TH antibody ; TH : sc-136100, Santa Cruz Biotechnology, USA), TPH expression (primary sheep anti-TPH antibody ; AB1541, Germany), and PKC expression (primary mouse anti-PKC antibody ; anti-PKC antibody [MC5] (ab31), Abcam, United Kingdom). After 72 h, the sections were incubated with secondary antibodies (1:200 dilution, Vector Laboratories Co., USA).
The sections were kept in ABC reagent (Vectastain ABC HRP kit, Vector Labs. Co., USA) and then in 3,3′-Diaminobenzidine (DAB; Sigma-Aldrich Chemical Co., Germany) for 1 min. All tissues were washed and fixed onto slides and then by an Olympus BX53 microscope (Olympus Scientific Solutions Americas Corp., USA) images were obtained and processed.
The immunopositive cells in the LC and hypothalamic region were evaluated at 40x, 100x, and 200x magnification and the counting was performed within a square (150 × 150 μm2), in which the LC was localized in Bregma -9.72 mm, Interaural -0.72 mm and the hypothalamus was in Bregma -2.40 mm, Interaural 6.60 mm in accordance with the 5th edition of rat brain atlas of Paxinos and Watson. TH, TPH, and PKC-immunopositive cells were recognized by brown or violet spots in the LC and hypothalamus, respectively. All immunohistochemical data were independently observed and analyzed by two blind researchers.
2.8. Statistical Analysis
The results of this study are expressed as means ± standard error of the mean (SEM) by using SPSS 23.0 software (SPSS Inc., USA). One-way ANOVA with subsequent post hoc LSD test was conducted in which  values of ≤ 0.05 were counted as statistically significant.
3. Results
3.1. Effect of Oral SQE Administration on TST
The ovariectomized rats who were subjected to stress for 2 weeks (control group) displayed depression-like behavior, characterized by remaining immobile for a longer time as compared to the normal group (p <0.001). However, SQE 100 mg/kg administered group significantly reduced immobility time during 6 min in the TST, in comparison with those in control group [F (3, 36) = 9.767, p <0.001, Figure 2].




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
					
				
					
				
					
				
					
			
			
				
				
					
				
					
				
					
				
					
			
			
				
					
				
					
				
					
				
					
				
					
				
					
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
					
				
					
				
					
				
					
			
		
		
			
	


Figure 2: Effect of oral SQE on time remaining immobile in the tail suspension test (TST). Values represent mean ± SEM.  p <0.001 compared to normal group while ## p <0.01 compared to control group. The p value of the TST test was < 0.001.


3.2. Effect of Oral SQE Administration on FST
ANOVA revealed a significant reduction in the immobility time of FST in SQE 100 administered group compared to the control value [F (3, 36) = 4.608, p <0.01, Figure 3]. However, the SQE 300 group showed no significance in both TST and FST.




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
					
				
					
				
					
				
					
			
			
				
				
					
				
					
				
					
				
					
			
			
				
					
				
					
				
					
				
					
				
					
				
					
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
					
				
					
				
					
				
					
			
		
		
			
	


Figure 3: Effect of SQE administration on immobility time in the forced swim test (FST). Values are as mean ± SEM.  p <0.01 vs. normal group and # p <0.05 vs. control group.


3.3. Effect of SQE Administration on Peripheral Body Temperature
After one week following ovariectomy, rats in the control group displayed a gradual increase in the cutaneous body temperature compared to those in the normal group (p <0.001). On the other hand, the SQE 100 and 300 groups exhibited a significant decrease in the body temperature in the last day of treatment period [F (3, 37) = 27.524, p <0.001, Figure 4].




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
					
				
					
				
					
				
					
			
			
				
				
					
				
					
				
					
				
					
			
			
				
					
				
					
				
					
				
					
				
					
				
					
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
					
				
					
				
					
				
					
			
		
		
			
				
					
					
			
		
	


Figure 4: Effect of oral SQE administration on the peripheral body temperature of rats with ovariectomy.  p <0.05,  p <0.01, and  p <0.001 compared to normal group. # p <0.05 and ### p <0.001 compared to control group. By one-way ANOVA, the p value of the test was < 0.001.


3.4. Effect of Oral SQE on 5-HT and DA Levels in the Prefrontal Cortex (PFC), Hypothalamus, and Hippocampus
ELISA analysis presented that 100 mg/kg of SQE administration for 2 weeks markedly upregulated the level of 5-HT in the PFC and hypothalamus, and DA in all areas compared with the control group [(n =6), F (3, 24) = 16.824, F (3, 24) = 3.932, F (3, 21) = 6.510, F (3, 21) = 16.323, F (3, 22) = 11.787, p <0.001, Figures 5(a)–5(f)]. However, the SQE 300 group produced no significant increase in the total concentration of 5-HT or DA levels compared to the control group.
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(f)
Figure 5: Effect of SQE administration on serotonin (5-HT) and dopamine (DA) levels in the brain of the ovariectomized rats. (a-c) 5-HT levels in the prefrontal cortex, hypothalamus, and hippocampus after SQE 100 and 300 mg/kg administration. (d-f) DA levels in the SQE 100 and 300 groups in the prefrontal cortex, hypothalamus, and hippocampus.  p <0.05 and  p <0.001 vs. normal group, while # p <0.05 and ### p <0.001 vs. control group. The p value of the ELISA test was < 0.001.


3.5. Effect of Oral SQE on TH Immunohistochemistry Reaction in Locus Coeruleus (LC)
The expression of TH positive cells in the control group was significantly reduced compared with that in the normal group (p <0.05). The diminished expression of TH-immunoreactivity (TH-IR) in the control group was notably restored in the SQE 100 group [(n =6), F (3, 21) = 3.309, p < 0.001, Figure 6(a)]. The representative images of TH-IR cells per group from the LC area are shown in Figure 6(b).




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
					
				
					
				
					
				
					
			
			
				
				
					
				
					
				
					
				
					
			
			
				
					
				
					
				
					
				
					
				
					
				
					
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
					
				
					
				
					
				
					
			
		
		
			
	


(a)




	
	
		
			
		
	


(b)
Figure 6: Effect of oral SQE on tyrosine hydroxylase (TH) immunopositive cells in the locus coeruleus (LC). (a) Mean TH-immunopositive cell density in the LC region for all experimental groups.  p <0.05 vs. normal group, while # p <0.05 vs. control group. (b) Representative images of TH-IR cells expression in the LC region with 100x magnification.


3.6. Effect of SQE Administration on TPH Expression in the Hypothalamic Nuclei
The hypothalamic TPH+ cells in the control group were drastically diminished in comparison with the normal group (p < 0.001). However, both SQE 100 and 300 groups significantly increased the TPH-IR cells (p < 0.01) and (p < 0.05) [(n =6), F (3, 23) = 9.136, Figure 7(a)]. TPH+ cells were apparent with high cells number in the SQE groups’ tissues in the anterior hypothalamic nucleus (AN), ventromedial hypothalamic nucleus (VMH), paraventricular hypothalamic nucleus (PVN), and arcuate nucleus (Arc) (Figures 7(b) and 7(c)).
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(b)




	
	
		
			
		
	


(c)
Figure 7: Effects of oral SQE on the hypothalamic tryptophan hydroxylase (TPH) expression. (a) The TPH+ cells count in both SQE treated groups compared to the control group.  p <0.001 compared to normal group, while # p <0.05 and ## p <0.01compared to control group. The p value was <0.001 by one-way ANOVA. (b, c) Representative images of TPH+ cells in all groups using anti-TPH immunohistochemistry in the hypothalamic region (the scale bars were 100 and 50 μm). PVN: paraventricular hypothalamic nucleus, AN: anterior hypothalamic nucleus, VMH: ventromedial hypothalamic nucleus, Arc: arcuate nucleus.


3.7. Effect of Oral SQE on Immunohistochemistry Reaction of TPH in the Peduncular Part of the Lateral Hypothalamus (PLH)
In PLH, the expression of TPH-IR cells in the control group was radically diminished as compared with the normal group (p <0.001). The diminished TPH expression in the rats with no treatment was considerably enhanced in the SQE 100 group [(n =6), F (3, 22) = 3.975, p < 0.01, Figure 8(a)]. This enhanced expression in the SQE 100 group’s tissue is shown in Figure 8(b).
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(b)
Figure 8: Effect of SQE administration on TPH activity in the peduncular part of the lateral hypothalamus (PLH). (a) TPH+ cell density in the PLH in the SQE 100 and 300 groups compared to the control group.  p <0.001 vs. normal group, while ## p <0.01 vs. control group. (b) Representative images of TPH-IR cell expression in the lateral hypothalamic peduncular region of all groups with 40x magnification.


3.8. Effect of SQE Administration on PKC Expression in the Hypothalamic Area
In the hypothalamus of the control group, the expression of PKC-IR cells was remarkably attenuated in comparison to the normal group (P<0.01). On the other hand, the SQE treated groups significantly enhanced the expression of PKC+ cells in both SQE 100 and 300 group (p < 0.001) [(n =6), F (3, 23) = 13.558, Figure 9(a)]. This intense PKC+ cell expression in both SQE groups’ tissues is shown in Figure 9(b).
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(b)
Figure 9: Effect of oral SQE on protein kinase C (PKC) activity in the hypothalamic area. (a) Mean PKC+ cell density in both SQE groups compared to the control group.  p <0.01 vs. normal group and ### p <0.001 vs. control group. (b) Representative images of PKC+ cells activity in the hypothalamus of all groups in which the scale bar denotes 200 μm.


4. Discussion
Many literature reviews have reported that the SQE has antioxidant and anti-inflammatory effects and produces an antifatigue effect on locomotor activity in the mice [27–30, 33, 47]; however, no previous study presented the effect of oral SQE administration on neurotransmitters or as an antidepressant drug in the menopausal animal model. Therefore, this study was designed to investigate the effect of oral SQE on the ovariectomized rats with repeated stress and to explore its mechanisms that exhibited the antidepressant-like effect. We intended to administer two different doses of SQE (100 and 300 mg/kg) since SQE chemical composition and bioavailability are well studied in these two doses [28].
Our present data demonstrated that continuous administration of the SQE orally for 2 weeks induced an antidepressant-like effect on the ovariectomized rat with repeated stress. During behavioral tests (TST and FST), a significant increase in the immobility time was noticed in the control group as compared to the normal group. However, only the SQE 100 group reduced immobility time in both TST and FST. The antidepressant-like effect of the SQE 100 group was probably as a result of neurotransmitter regulation in many brain areas. It is known that further increases in the dosage lead to increases in effectiveness; however, in case of the SQE 300 group, the higher dose did not improve depressive symptoms. The exact mechanism warrants further study.
Previous studies addressed that low estrogen hormones, accompanied by abnormal NE levels, cause changes in core body temperature, which lead to hot flushes (HF). HF occurs due to a dysfunction in the noradrenergic system, which in sequence affects the core and cutaneous blood circulation [9]. Following ovariectomy by one week and during the immobilization period, a gradual elevation in the peripheral body temperature was observed in the rats of the control group [48]. On the other hand, the SQE groups exhibited a notable gradual decrease in body temperature by ~2-3°C which was distinct on the last day of the treatment. Though the exact mechanism is not clear yet, the reduction in the body temperature may appear as a result of the serotonin and dopamine levels upregulation since these both monoamines are involved in the thermoregulation [49–51].
In our study, we did not observe more long-term effects of SQE on TST/FST and body temperature. There may be a dissociating effect of SQE on immobility and body temperature between low and high doses. A low dose of SQE has a more depressive-like action, whereas a higher dose has a more reducing effect on peripheral body temperature.
Several researches have pointed to the relationship between the serotonin and dopamine levels and brain functions [52, 53]. To investigate the changes which occurred in the neurotransmitter levels, we performed ELISA tests on three brain areas (hypothalamus, PFC, and hippocampus) to assess the serotonin and dopamine levels after SQE 100 and 300 mg/kg administration. We noticed that the level of 5-HT (in the hypothalamus and prefrontal cortex) and DA (in the hypothalamus, hippocampus, and prefrontal cortex) was significantly upregulated in the SQE 100 treated group. However, the SQE 300 group showed no significant elevation in the neurotransmitter levels in all of the three previously mentioned brain areas. This may explain the nonsignificant effect of the SQE 300 in both TST and FST.
Therefore, in order to elucidate the SQE mechanisms that upregulated neurotransmitter levels, immunohistochemistry was conducted using antityrosine hydroxylase (TH) in the locus coeruleus (LC). Tyrosine hydroxylase is the enzyme that produces L-dopa, for the synthesis of dopamine and norepinephrine. Recent reports indicated that locus coeruleus contains tyrosine hydroxylase positive cells (LC-TH+) that cause dopamine release in many brain areas. Moreover, either a diminution of LC-TH immunoreactive cells expression or a blockading of the norepinephrine transporter in the LC area suppresses the DA release, which indicates that LC neurons can release DA and NE [54–58]. In concordance with this study [59], our data also displayed that stress is affecting the neurons in the LC (as in control group) and showed the diminished density of TH+ cells in the LC region; conversely, the SQE 100 group notably increased the TH-IR cells density in the LC. Enhanced TH activity could elucidate the increase observed in dopamine levels within several brain areas.
It is well known that a functional abnormality of monoamine including 5-HT, DA, and NE in the hypothalamus plays a role in the pathogenesis of certain types of depression. Recent studies suggest that the onset of depression is accompanied by the hypothalamus-pituitary-adrenal axis hyperfunction [60–62]. In particular, estrogen is known to increase serotonergic activity by stimulating serotonin synthesis and transmission and downregulating degradation of 5-HT in the brain [7, 63]. Therefore, since tryptophan hydroxylase is the enzyme responsible for the synthesis of serotonin, a TPH immunohistochemistry was carried out in the hypothalamic area to clarify the SQE mechanism that induced an elevation in the serotonin levels. The rats in control group exhibited a lower TPH-IR cells number in the hypothalamic nuclei as in this study [64], while the SQE 100 and 300 administration enhanced these cells significantly in the anterior hypothalamic nucleus (AN), ventromedial hypothalamic nucleus (VMH), paraventricular hypothalamic nucleus (PVN), and arcuate nucleus (Arc).
Furthermore, TPH+ cell densities in the lateral hypothalamic peduncle (PLH) in the control group displayed a hypodensity as compared to the normal group. This low density in the control group was considerably increased in the SQE 100 treated group. Upregulation of TPH activity in the hypothalamus after oral SQE administration could explain the elevation of the serotonin levels that occurred in the ovariectomized rats’ brains [65, 66]. All previously displayed data indicate that the increases in TH and TPH activity were eventually accompanied by an elevation in the levels of serotonin and dopamine.
The relationship between diminished protein kinase C (PKC) activity and the depressive disorders has been addressed in many studies [21–23]. Also, the link between low TH and TPH activity and low PKC expression has been indicated in many researches [67–69]. Therefore, immunohistochemistry for PKC was conducted in the hypothalamic region. In the control group, PKC+ cells exhibited diminished density in comparison with the normal group. The lower PKC+ cell density in the hypothalamic area was drastically enhanced in both SQE 100 and 300 treated groups.
Taken together, all findings explain that oral SQE administration induced the antidepressant-like effect on the ovariectomized rats with repeated stress via upregulation of the serotonin and dopamine levels through enhancing the expression of tyrosine hydroxylase, tryptophan hydroxylase, and protein kinase C in the brains of menopausal depression model.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest
The authors declare no conflicts of interest.
Authors’ Contributions
Noof Abdullah Shaif and Donghyun Cho equally contributed to this work.
Acknowledgments
This research was supported by the National Research Foundation of Korea (NRF) grant funded by the Korean Government (NRF-2016M3C7A1905384) and AmorePacific R&D grant (2017).
References
	 World Health Organization, Depression and Other Common Mental Disorders: Global Health Estimates, 2017, http://www.who.int/iris/handle/10665/254610.
	N. Siddle, P. Sarrel, and M. Whitehead, “The effect of hysterectomy on the age at ovarian failure, identification of a subgroup of women with premature loss of ovarian function and literature review,” Fertility and Sterility, vol. 47, no. 1, pp. 94–100, 1987.
	C. N. Soares and V. Taylor, “Effects and management of the menopausal transition in women with depression and bipolar disorder,” The Journal of Clinical Psychiatry, vol. 68, Supplement 9, pp. 16–21, 2007.
	P. K. Dalal and M. Agarwal, “Postmenopausal syndrome,” Indian Journal of Psychiatry, vol. 57, no. 6, pp. 222–232, 2015.
	L. S. Cohen, C. N. Soares, A. F. Vitonis, M. W. Otto, and B. L. Harlow, “Risk for new onset of depression during the menopausal transition: the Harvard study of moods and cycles,” Archives of General Psychiatry, vol. 63, no. 4, pp. 385–390, 2006.
	A. H. Clayton and P. T. Ninan, “Depression or menopause? presentation and management of major depressive disorder in perimenopausal and postmenopausal women,” Primary Care Companion to the Journal of Clinical Psychiatry, vol. 12, no. 1, pp. e1–e13, 2010.
	T. J. Shors and B. Leuner, “Estrogen-mediated effects on depression and memory formation in females,” Journal of Affective Disorders, vol. 74, no. 1, pp. 85–96, 2003.
	N. Santoro, C. N. Epperson, and S. B. Mathews, “Menopausal symptoms and their management,” Endocrinology and Metabolism Clinics of North America, vol. 44, no. 3, pp. 497–515, 2015.
	T. Yasui, H. Uemura, J. Tomita et al., “Association of interleukin-8 with hot flashes in premenopausal, perimenopausal, and postmenopausal women and bilateral oophorectomized women,” The Journal of Clinical Endocrinology & Metabolism, vol. 91, no. 12, pp. 4805–4808, 2006.
	P. S. Green and J. W. Simpkins, “Neuroprotective effects of estrogens: potential mechanisms of action,” International Journal of Developmental Neuroscience, vol. 18, no. 4-5, pp. 347–358, 2000.
	D. W. Brann, K. Dhandapani, C. Wakade, V. B. Mahesh, and M. M. Khan, “Neurotrophic and neuroprotective actions of estrogen: basic mechanisms and clinical implications,” Steroids, vol. 72, no. 5, pp. 381–405, 2007.
	S. C. Correia, R. X. Santos, S. Cardoso et al., “Effects of estrogen in the brain: is it a neuroprotective agent in Alzheimer's disease?” Current Aging Science, vol. 3, no. 2, pp. 113–126, 2010.
	N. Raghava, B. C. Das, and S. K. Ray, “Neuroprotective effects of estrogen in CNS injuries: insights from animal models,” Neurosci Neuroecon, vol. 6, pp. 15–29, 2017.
	G. Fink, B. E. H. Sumner, R. Rosie, O. Grace, and J. P. Quinn, “Estrogen control of central neurotransmission: effect on mood, mental state, and memory,” Cellular and Molecular Neurobiology, vol. 16, no. 3, pp. 325–344, 1996.
	C. Barth, A. Villringer, and J. Sacher, “Sex hormones affect neurotransmitters and shape the adult female brain during hormonal transition periods,” Frontiers in Neuroscience, vol. 9, p. 37, 2015.
	M. Cordey, U. Gundimeda, R. Gopalakrishna, and C. J. Pike, “Estrogen activates protein kinase C in neurons: role in neuroprotection,” Journal of Neurochemistry, vol. 84, no. 6, pp. 1340–1348, 2003.
	C. A. Zarate and H. K. Manji, “Protein kinase C inhibitors: rationale for use and potential in the treatment of bipolar disorder,” CNS Drugs, vol. 23, no. 7, pp. 569–582, 2009.
	C. A. Zarate Jr., J. Singh, and H. K. Manji, “Cellular plasticity cascades: targets for the development of novel therapeutics for bipolar disorder,” Biological Psychiatry, vol. 59, no. 11, pp. 1006–1020, 2006.
	H. Mellor and P. J. Parker, “The extended protein kinase C superfamily,” Biochemical Journal, vol. 332, no. 2, pp. 281–292, 1998.
	P. Maher, “How protein kinase C activation protects nerve cells from oxidative stress-induced cell death,” The Journal of Neuroscience, vol. 21, no. 9, pp. 2929–2938, 2001.
	M. A. Coull, S. Lowther, C. L. E. Katona, and R. W. Horton, “Altered brain protein kinase C in depression: a post-mortem study,” European Neuropsychopharmacology, vol. 10, no. 4, pp. 283–288, 2000.
	E. Abrial, A. Etievant, C. Bétry et al., “Protein kinase C regulates mood-related behaviors and adult hippocampal cell proliferation in rats,” Progress in Neuro-Psychopharmacology & Biological Psychiatry, vol. 43, pp. 40–48, 2013.
	W. Timmermans, H. Xiong, C. C. Hoogenraad, and H. J. Krugers, “Stress and excitatory synapses: from health to disease,” Neuroscience, vol. 248, pp. 626–636, 2013.
	J. H. Hwang, S.-Y. Choi, H.-C. Ko et al., “Anti-inflammatory effect of the hot water extract from sasa quelpaertensis leaves,” Food Science and Biotechnology, vol. 16, no. 5, pp. 728–733, 2007.
	S. I. Kang, H. S. Shin, H. M. Kim et al., “Anti-obesity properties of a Sasa quelpaertensis extract in high-fat diet-induced obese mice,” Bioscience, Biotechnology, and Biochemistry, vol. 76, no. 4, pp. 755–761, 2014.
	S. Tsunoda, K. Yamamoto, S. Sakamoto, H. Inoue, and H. Nagasawa, “Effects of Sasa Health®, extract of bamboo grass leaves, on spontaneous mammary tumourigenesis in SHN mice,” Anticancer Reseach, vol. 18, no. 1 A, pp. 153–158, 1998.
	S.-J. Kim, J.-H. Hwang, H.-S. Shin, M.-G. Jang, H.-C. Ko, and S.-I. Kang, “Antioxidant and anti-inflammatory activities of sasa quelpaertensis leaf extracts,” Phytochemicals as Nutraceuticals, 2012.
	M. Nakamura, J. H. Ra, Y. Jee, and J. S. Kim, “Impact of different partitioned solvents on chemical composition and bioavailability of Sasa quelpaertensis Nakai leaf extract,” Journal of Food and Drug Analysis, vol. 25, no. 2, pp. 316–326, 2017.
	L.-Y. Zang, G. Cosma, H. Gardner, X. Shi, V. Castranova, and V. Vallyathan, “Effect of antioxidant protection by p-coumaric acid on low-density lipoprotein cholesterol oxidation,” American Journal of Physiology-Cell Physiology, vol. 279, no. 4, pp. C954–C960, 2000.
	S. J. Pragasam, V. Venkatesan, and M. Rasool, “Immunomodulatory and anti-inflammatory effect of p-coumaric acid, a common dietary polyphenol on experimental inflammation in rats,” Inflammation, vol. 36, no. 1, pp. 169–176, 2013.
	J. Moon, E. Yang, S. S. Kim et al., “Sasa quelpaertensis phenylpropanoid derivative suppresses lipopolysaccharide-induced nitric oxide synthase and cyclo-oxygenase-2 expressions in RAW 264.7 cells,” Yakugaku Zasshi, vol. 131, no. 6, pp. 961–967, 2011.
	P. Jun, “Potential medicinal application and toxicity evaluation of extracts from bamboo plants,” Journal of Medicinal Plants Research, vol. 9, no. 23, pp. 681–692, 2015.
	J. X. Liu, M. Y. Zhu, C. Y. Feng et al., “Bamboo leaf extract improves spatial learning ability in a rat model with senile dementia,” Journal of Zhejiang University Science B, vol. 16, no. 7, pp. 593–601, 2015.
	A. D. Rosario, M. M. McDermott, and J. Panee, “Effects of a high-fat diet and bamboo extract supplement on anxiety- and depression-like neurobehaviours in mice,” British Journal of Nutrition, vol. 108, no. 7, pp. 1143–1149, 2012.
	N. F. Woods, E. S. Mitchell, D. B. Percival, and K. Smith-DiJulio, “Is the menopausal transition stressful? observations of perceived stress from the seattle midlife women's health study,” Menopause, vol. 16, no. 1, pp. 90–97, 2009.
	B. O. Choi, Y. J. Lee, J. H. Choi, S. W. Cho, H. J. Im, and J. E. An, “The association between stress level in daily life and age at natural menopause in korean women: outcomes of the korean national health and nutrition examination survey in 2010-2012,” Korean Journal of Family Medicine, vol. 36, no. 6, pp. 305–309, 2015.
	A. M. Falconi, E. B. Gold, and I. Janssen, “The longitudinal relation of stress during the menopausal transition to fibrinogen concentrations: results from the study of women's health across the nation,” Menopause, vol. 23, no. 5, pp. 518–527, 2016.
	A. Lasota and D. Danowska-Klonowska, “Experimental osteoporosis--different methods of ovariectomy in female white rats,” Roczniki Akademii Medycznej w Bialymstoku, vol. 49, Supplement 1, pp. 129–131, 2004.
	N. A. Shaif, D.-H. Chang, D. Cho, S. Kim, D. B. Seo, and I. Shim, “The antidepressant-like effect of lactate in an animal model of menopausal depression,” Biomedicines, vol. 6, no. 4, 2018.
	M. Nibuya, M. Takahashi, D. S. Russell, and R. S. Duman, “Repeated stress increases catalytic TrkB mRNA in rat hippocampus,” Neuroscience Letters, vol. 267, no. 2, pp. 81–84, 1999.
	A. Vyas, R. Mitra, B. S. S. Rao, and S. Chattarji, “Chronic stress induces contrasting patterns of dendritic remodeling in hippocampal and amygdaloid neurons,” The Journal of Neuroscience, vol. 22, no. 15, pp. 6810–6818, 2002.
	E. Ampuero, A. Luarte, M. Santibañez et al., “Two chronic stress models based on movement restriction in rats respond selectively to antidepressant drugs: aldolase c as a potential biomarker,” The International Journal of Neuropsychopharmacology, vol. 18, no. 10, Article ID pyv038, 2015.
	J. Mei, N. Riedel, U. Grittner, M. Endres, S. Banneke, and J. V. Emmrich, “Body temperature measurement in mice during acute illness: Implantable temperature transponder versus surface infrared thermometry,” Scientific Reports, vol. 8, no. 1, p. 3526, 2018.
	R. Chermat, B. Thierry, J. A. Mico, L. Steru, and P. Simon, “Adaptation of the tail suspension test to the rat,” Journal De Pharmacologie, vol. 17, no. 3, pp. 348–350, 1986.
	A. Can, D. T. Dao, C. E. Terrillion, S. C. Piantadosi, S. Bhat, and T. D. Gould, “The tail suspension test,” Journal of Visualized Experiments, no. 59, Article ID e3769, 2011.
	R. Yankelevitch-Yahav, M. Franko, A. Huly, and R. Doron, “The forced swim test as a model of depressive-like behavior,” Journal of Visualized Experiments, no. 97, 2015.
	H. Song, M. G. Jang, J. Y. Lee, H. C. Ko, S.-P. Hur, and S.-J. Kim, “Sasa quelpaertensis leaf extract mitigates fatigue and regulates the transcriptome profile in mice,” Genes & Genomics, vol. 41, no. 3, pp. 317–324, 2018.
	J. M. MacLeay, E. Lehmer, R. M. Enns, C. Mallinckrodt, H. U. Bryant, and A. S. Turner, “Central and peripheral temperature changes in sheep following ovariectomy,” Maturitas, vol. 46, no. 3, pp. 231–238, 2003.
	P. J. Schwartz, T. A. Wehr, N. E. Rosenthal et al., “Serotonin and thermoregulation. Physiologic and pharmacologic aspects of control revealed by intravenous m-CPP in normal human subjects,” Neuropsychopharmacology, vol. 13, no. 2, pp. 105–115, 1995.
	T. F. Lee, F. Mora, and R. D. Myers, “Dopamine and thermoregulation: an evaluation with special reference to dopaminergic pathways,” Neuroscience & Biobehavioral Reviews, vol. 9, no. 4, pp. 589–598, 1985.
	S. E. Shortall, C. H. Spicer, F. J. Ebling, A. R. Green, K. C. Fone, and M. V. King, “Contribution of serotonin and dopamine to changes in core body temperature and locomotor activity in rats following repeated administration of mephedrone,” Addiction Biology, vol. 21, no. 6, pp. 1127–1139, 2016.
	T. A. Jenkins, J. C. Nguyen, K. E. Polglaze, and P. P. Bertrand, “Influence of tryptophan and serotonin on mood and cognition with a possible role of the gut-brain axis,” Nutrients, vol. 8, no. 1, p. 56, 2016.
	D. J. Nutt, “The role of dopamine and norepinephrine in depression and antidepressant treatment,” The Journal of Clinical Psychiatry, vol. 67, Supplement 6, pp. 3–8, 2006.
	P. Devoto and G. Flore, “On the origin of cortical dopamine: is it a co-transmitter in noradrenergic neurons?” Current Neuropharmacology, vol. 4, no. 2, pp. 115–125, 2006.
	B. P. Guiard, M. El Mansari, Z. Merali, and P. Blier, “Functional interactions between dopamine, serotonin and norepinephrine neurons: an in-vivo electrophysiological study in rats with monoaminergic lesions,” The International Journal of Neuropsychopharmacology, vol. 11, no. 5, pp. 625–639, 2008.
	C. C. Smith and R. W. Greene, “CNS dopamine transmission mediated by noradrenergic innervation,” The Journal of Neuroscience, vol. 32, no. 18, pp. 6072–6080, 2012.
	K. A. Kempadoo, E. V. Mosharov, S. J. Choi, D. Sulzer, and E. R. Kandel, “Dopamine release from the locus coeruleus to the dorsal hippocampus promotes spatial learning and memory,” Proceedings of the National Acadamy of Sciences of the United States of America, vol. 113, no. 51, pp. 14835–14840, 2016.
	C. G. McNamara and D. Dupret, “Two sources of dopamine for the hippocampus,” Trends in Neurosciences, vol. 40, no. 7, pp. 383-384, 2017.
	O. Borodovitsyna, M. D. Flamini, and D. J. Chandler, “Acute stress persistently alters locus coeruleus function and anxiety-like behavior in adolescent rats,” Neuroscience, vol. 373, pp. 7–19, 2018.
	D. Seo, C. J. Patrick, and P. J. Kennealy, “Role of serotonin and dopamine system interactions in the neurobiology of impulsive aggression and its comorbidity with other clinical disorders,” Aggression and Violent Behavior, vol. 13, no. 5, pp. 383–395, 2008.
	M. A. H. Rot, S. J. Mathew, and D. S. Charney, “Neurobiological mechanisms in major depressive disorder,” Canadian Medical Association Journal, vol. 180, no. 3, pp. 305–313, 2009.
	G. Hasler, “Pathophysiology of depression: do we have any solid evidence of interest to clinicians?” World Psychiatry, vol. 9, no. 3, pp. 155–161, 2010.
	A. P. Borrow and N. M. Cameron, “Estrogenic mediation of serotonergic and neurotrophic systems: implications for female mood disorders,” Progress in Neuro-Psychopharmacology & Biological Psychiatry, vol. 54, pp. 13–25, 2014.
	Y. Chen, H. Xu, M. Zhu et al., “Stress inhibits tryptophan hydroxylase expression in a rat model of depression,” Oncotarget, vol. 8, no. 38, pp. 63247–63257, 2017.
	S. W. Kim, S. Y. Park, and O. Hwang, “Up-regulation of tryptophan hydroxylase expression and serotonin synthesis by sertraline,” Molecular Pharmacology, vol. 61, no. 4, pp. 778–785, 2002.
	M. S. Rahman and P. Thomas, “Restoration of tryptophan hydroxylase functions and serotonin content in the Atlantic croaker hypothalamus by antioxidant treatment during hypoxic stress,” Frontiers in Neuroscience, no. 8, p. 130, 2014.
	K. A. Albert, E. Helmer-Matyjek, A. C. Nairn et al., “Calcium/phospholipid-dependent protein kinase (protein kinase C) phosphorylates and activates tyrosine hydroxylase,” Proceedings of the National Acadamy of Sciences of the United States of America, vol. 81, no. 24, pp. 7713–7717, 1984.
	S. Vyas, N. F. Biguet, and J. Mallet, “Transcriptional and post-transcriptional regulation of tyrosine hydroxylase gene by protein kinase C,” EMBO Journal, vol. 9, no. 11, pp. 3707–3712, 1990.
	D. M. Kuhn, S. A. Sakowski, T. J. Geddes, C. Wilkerson, and J. W. Haycock, “Phosphorylation and activation of tryptophan hydroxylase 2: identification of serine-19 as the substrate site for calcium, calmodulin-dependent protein kinase II,” Journal of Neurochemistry, vol. 103, no. 4, pp. 1567–1573, 2007.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Materials and Methods 

		  3. Results

		  4. Discussion

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




