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Abstract 

The traditional herbal medicine, Hochu-ekki-to, has been shown to have preventive effects on viral 

infection and stress. This study aimed to evaluate the clinical effects of Hochu-ekki-to on two stress-

related rat models of polycystic ovarian syndrome. Female Sprague-Dawley rats were divided into 

control and treatment groups, the latter of which were subjected to stress induced by exposure to 

adrenocorticotropic hormone (ACTH) or cold temperatures. After these stress inductions, rats were 

orally treated with dissolved Hochu-ekki-to once per day for 7 days. Rats subjected to the two 

different stressors exhibited upregulation of steroid hormone receptors (in ovaries) and reproductive 

hormones (in blood), and consequent stimulation of abnormal follicle development accompanied by 

elevation of Hsp 90 expression (in ovaries). Treatment with Hochu-ekki-to for 7 days after stress 

induction increased immune functions, reduced the stress-induced activation of Hsp 90, and 

normalized the levels of the tested steroid hormone receptors and reproductive hormones. Our 

findings suggest that stress stimulations may promote the activation of Hsp 90 via the dysregulation 

of steroid hormone receptors and reproductive hormones, but that post-stress treatment with Hochu-

ekki-to improves reproductive and immune functions in the ovaries of stressed rats.  

 

Keywords: Hochu-ekki-to; immune modulation; polycystic ovarian syndrome  
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1 Introduction 

Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder, affecting 

approximately 5-10% of infertile women of reproductive age. The causative factors of PCOS are 

correlated with hormone imbalances similar to those normally seen during adolescence; the basic 

problems of this disease are weight gain, interruption of regular ovulation and menstruation, hirsutism, 

excessive androgenic activities, and hyperinsulinemia [1]. During PCOS, the ovaries produce 

excessive amounts of androgens, which can interfere with follicle stimulating hormone (FSH) and 

trigger the abnormal development of cystic follicles [2]. Polycystic follicles build up in the enlarged 

ovaries, resulting in irregular or missed ovulation. Although many studies have associated PCOS with 

an array of metabolic, neuroendocrine, and adrenal abnormalities, the pathogenesis of the polycystic 

ovary is still unclear. 

It has been demonstrated that Japanese herbal medicines such as Hochu-ekki-to may reduce the stress 

hormones associated with immune functions [3,4]. As an herbal medicine, Hochu-ekki-to has been 

reported to promote certain biological activities, including the activities of NK cells, mitomycin, and 

macrophages [5,6]. Currently, this herbal formula is being used in research to treat patients who are 

resistant to conventional forms of antibiotics [7]. In addition, Hochu-ekki-to has been reported to help 

relieve stress, decrease fatigue, and suppress carbon tetrachloride-induced hepatotoxicity [8-10]. 

Despite the reported ability of Hochu-ekki-to to inhibit the processes of stress and inflammation, 

however, no previous study has examined the effect of Hochu-ekki-to on ovarian parameters in rats 

subjected to stress.  

Here, we evaluated Hochu-ekki-to as an alternative clinical treatment in two different stress-induced 

rat models of PCOS: animals treated with adrenocorticotropic hormone (ACTH) and those exposed 

to cold stress.  
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2 Results 

2.1 Effect of Hochu-ekki-to on the mRNA expression levels of NGFR and steroid hormone receptors 

in the ovaries of stress-exposed rats 

The interaction between NGF and NGFR regulates reproductive functions via both autocrine and 

paracrine mechanisms in the reproductive tract. Steroid hormone receptors are also involved in 

regulating reproductive functions [11]. To assess the effect of Hochu-ekki-to on steroid hormone 

receptors, we used RT-PCR to measure the mRNA expression levels of various receptors in the ovary 

tissues of stress-exposed rats treated with or without Hochu-ekki-to for 7 days. Among the control 

(non-stressed) rats, the expression levels of AR, NGFR, ER-α, and ER-β, but not GR, were higher in 

the proestrous group than in the diestrous group (Fig. 1). Both stress exposures upregulated the 

mRNA expression levels of ARNGFR and GR and downregulated those of ER-α and ER-β relative 

to both control groups (P>0.05 for all comparisons); the mRNA expression levels of AR, ER-α, ER-

β, NGFR, and GR in the ovary did not differ between the ACTH injection and cold-stress groups 

(P>0.05, Fig. 1D, 1E). Notably, Hochu-ekki-to treatment after stress exposure restored the mRNA 

expression levels of the tested steroid hormone receptors and NGFR to control levels (Fig. 1).  

 

2.2 Effect of Hochu-ekki-to on the mRNA expression levels of IL-2, IL-4, and IFN-γ in stress-

exposed rats 

Since stress disturbs the immune system and Hochu-ekki-to was reported to improve immune 

functions in mice by activating the cytokines, IL-2, IL-4, and IFN-γ [12], we examined whether 

Hochu-ekki-to could improve immune function in our stress-exposed rats. The mRNA expression 

levels of IL-2, IL-4, and IFN-γ in the ovary presented similar patterns across all groups before Hochu-

ekki-to treatment (Fig. 2). However, the mRNA expression levels of IL-2, IL-4, and IFN-γ were 
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significantly enhanced by Hochu-ekki-to treatment of the ACTH-injected and cold-stressed rats 

(P<0.05, Fig. 2).  

 

2.3 Effect of Hochu-ekki-to on Hsp 90 and MAP2K2 expression in the ovaries of stress-exposed 

rats 

Steroid hormone receptors crucially depend on interactions with Hsp 90, and mitogen-activated 

protein kinase kinase 2 (MAP2K2) is upregulated during the response to stress. Indeed, the protein 

expression levels and immunohistochemical analysis of Hsp 90 and MAP2K2 in the ovary were 

significantly increased in both ACTH-injected and cold-exposed rats, compared to controls (P<0.05, 

Fig. 3). However, Hochu-ekki-to treatment for 7 days following the application of stress reduced the 

protein expression levels of Hsp 90 (Fig. 3).  

 

2.4 Hormone assay 

To verify the stress-induced alterations of reproductive function, blood samples were assessed for the 

concentrations of various hormones. In control rats, higher concentrations of FSH, LH, and estradiol 

were observed in the proestrous group. The ACTH injection and cold-stress groups both showed 

significant reductions (P<0.05 for all comparisons) in FSH (Fig. 4A), testosterone, and corticosterone 

(Fig. 4D and E). The post-stress administration of Hochu-ekki-to for 7 days further inhibited the 

testosterone and corticosterone levels, but increased the FSH level, compared to the stress-induced 

groups. The concentrations of FSH, LH, estradiol, corticosterone, and testosterone did not differ 

between the two Hochu-ekki-to-treated groups (Fig. 4). There was no significant difference in the LH 

and estradiol concentrations of the diestrous, stress-induced, and Hochu-ekki-to treated groups; the 

proestrous group, in contrast, showed significantly higher LH and estradiol concentrations than all 
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other groups (Fig. 4). These results suggest that the administration of Hochu-ekki-to for 7 days could 

rescue stress-induced alterations of reproductive hormones.   
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3 Discussion  

This study examined the efficacy of Hochu-ekki-to in two different stress-induced rat models of 

PCOS, namely animals treated with ACTH injection and cold stress. Stress, which appears to alter 

ovarian function, describes a situation in which animals (including humans) respond to external or 

internal stimuli via activation of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic 

nervous system [13,14]. Chronic exposure to stressors has been suggested to increase HPA axis 

activity and concurrently reduce hypothalamus-pituitary-gonad (HPG) axis activity [11]. The role of 

glucocorticoids in stress-induced reproductive dysfunction has been examined, and an antagonistic 

relationship between glucocorticoids and gonadal hormones has been consistently observed [15] .  

Hochu-ekki-to is a traditional Japanese herbal medicine that is composed of 10 species of medicinal 

plants. Hochu-ekki-to has been reported to reduce complaints of general fatigue caused by common 

colds, and to improve severe weakness. Many studies have shown that it has various immunoactive 

effects, such as increasing immunity in elderly persons [6], augmenting natural killer cell activity 

[16], and increasing the production of cytokines [17]. In this study, the ACTH injection and cold-

stress groups both showed significant increases in their mRNA expression levels of glucocorticoid 

receptor (GR), IL-2, IL-4, and IFN-γ and concentrations of corticosterone, compared to the 

corresponding control groups (Fig. 1, 2 and 4), but these effects were rescued by administration of 

Hochu-ekki-to for 7 days. 

Gonadotrophin-releasing hormone (GnRH) is a key sexual-behavior hormone that acts between the 

neural and endocrine systems [18]. GnRH from the hypothalamus stimulates the anterior pituitary to 

secrete FSH and LH; this supports the production of steroid hormones, which promote 

folliculogenesis and the concomitant synthesis of estradiol [19]. Steroid hormone receptors, such as 

GR, AR, ER-α, and ER-β, critically regulate the actions of gonadotrophin in association with the 

function of the HPG axis [11]. In the presence of stress, however, ovulation can fail due to 
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inappropriately programmed activity of the hypothalamus. Studies have shown that stress suppresses 

LH secretion in the absence of estrogen; for example, immobilization and foot-shock stress were 

found to strongly inhibit LH secretion in ovariectomized rats [20,21]. In the present study, the mRNA 

expression levels of AR, ER-α, and ER-β and the concentrations of LH, FSH, and estradiol were 

significantly higher in the proestrous group compared to the other groups. In addition, ACTH 

injection and cold-stress groups increased the mRNA expression levels of AR and plasma 

concentrations of testosterone, but decreased those of ER-α, and ER-β and concentration of FSH.  

Following Hochu-ekki-to treatment, however, there was no difference between the diestrous control 

and treated groups with respect to the mRNA levels of AR, ER-α, and ER-β in the ovary or the plasma 

concentrations FSH, LH, estradiol, and testosterone. These results suggested that the administration 

of Hochu-ekki-to for 7 days could rescue these stress-induced effects.  

HSP 90 is a molecular chaperone that is upregulated in response to elevated temperature-induced 

stress [22,23]. One of the main functions of Hsp 90 is to interact with steroid receptors. In the absence 

of the hormone cortisol, the GR (which is involved in cell-mediated immunity) resides in the cytosol 

in complex with a variety of proteins, including Hsp 90, to which it binds directly [24]. Hsp 90 also 

binds several other steroid receptors, including aldosterone, androgen, estrogen, and progesterone  

[11]. In addition, mitogen-activated protein kinase (MAPK), which contributes to regulating cell 

differentiation and specifying sensory neuron subtypes, also appears to mediate the functions of nerve 

growth factor (NGF) via a signaling complex that includes Hsp 90 [25]. Although MAPK largely acts 

as non-nuclear oncogenes, they are additionally involved in the cellular response to growth factors, 

such as brain-derived neurotrophic factor (BDNF) and NGF. It has been reported that excessive 

activation of MAPK by oxidative stress and hyperinsulinemia may promote the incidence of PCOS 

[26]. Human mitogen-activated protein kinase kinase 2 (MAP2K2), which belongs to the MAP kinase 

kinase family, is known to play a critical role in mitogen growth factor signal transduction [25]. Here, 

we found that the mRNA expression levels of NGFR, and protein expressions of both MAP2K2 and 
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Hsp 90 were significantly higher in ACTH injection and cold-stress groups, compared to diestrous 

control groups, but they were rescued to control levels by Hochu-ekki-to treatment. This suggests that 

Hochu-ekki-to may inhibit the stress-induced productions of NGFR, MAP2K2 and Hsp90.  

The present study found that a 7-day treatment of Hochu-ekki-to after the induction of stress by 

ACTH injection or cold exposure improved the ovarian reproductive and immune functions 

associated with POCS in a rat model. 
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4 Materials and methods 

4.1 Animals and treatments 

Adult female Wistar rats weighing 180–200 g (7-8 weeks of age) were obtained from Dae Han 

BioLINK and kept in a central animal care facility under a 12-h light/dark cycle (lights on at 06:00 h) 

and controlled temperature (24±0.5°C). Food and water were provided ad libitum. All mouse 

experiments were performed in the animal facility according to institutional guidelines (SOP; 

standard operating procedure), and the experimental protocols were approved by the institutional 

review board of Chungnam National University (CNU-00356).   

Thirty rats were divided into six groups of five rats each: two control groups, one proestrous and one 

diestrous; groups subjected to ACTH injection with and without subsequent administration of Hochu-

ekki-to; and groups subjected to cold stress with and without subsequent administration of Hochu-

ekki-to. The controls were divided into proestrous (n=5) and diestrous (n=5) groups due to the 

significant alteration seen in the reproductive hormonal pattern during the proestrous period. 

Therefore, we used the diestrous group as a control group. Stressed rats elicited regular estrous cycles 

and we used only diestrous rats. The animals in the ACTH treatment groups (n=10) were 

subcutaneously injected with a dose equivalent to 20 UI/kg (200 μg/kg) of ACTH (ProSpec-Tany 

TechnoGene) every 24 h for 18 days. The animals in the cold-stress treatment group (n=10) were 

placed at 4°C for 3 h per day (from 11:00 to 14:00) for 3 weeks. The ACTH (n=5) or cold-treated 

(n=5) rats were orally treated with dissolved Hochu-ekki-to (500 mg/kg) once a day for 7 days 

through a feeding needle inserted down the throat. The remaining ACTH (n=5) or cold-treated rats 

(n=5) were orally treated with distilled water. 

On the last day of each treatment, rats were anesthetized and blood samples were collected from the 

left ventricle. The blood concentrations of FSH, LH, estradiol, testosterone, and corticosterone were 
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measured in all groups. Samples of ovary were removed, ovulation was assessed, and the rats in 

control group were divided into proestrous and diestrous groups. Each right ovary was used for 

histological analysis, while the left ovary was divided into two parts and analyzed for the mRNA and 

protein expression levels of various factors. 

 

4.2 Tissue sampling 

Animals were euthanized immediately before tissue collection. Each animal was placed into the CO2 

chamber to initiate the flow of CO2. Tissues were serially sectioned using a stainless steel blade, and 

then immediately frozen in dry ice and stored at -80°C. 

 

4.3 RNA extraction and reverse transcription polymerase chain reaction (RT-PCR)   

RT-PCR was conducted on samples from four animals of each group. Total RNA was isolated using 

the TRIzol reagent (Thermo Fisher Scientific, USA) according to the manufacturer’s instructions. 

RNA concentrations were quantified with a Nano-Drop (Thermo Fisher Scientific, USA). 

 The specific primers were as follows: androgen receptor AR F (5’-agctcaccaagctcctggat-3’), AR R 

(5’-aagggaacaaggtgggtttg-3’), estrogen receptor-α ER-α F (5’-gaccatgacccttcacacca-3’), ER-α R (5’-

gttgtccacgtacacctcgc-3’), ER-β F (5’-gtgaaggccatgatcctcct-3’), ER-β R (5’-agtcggactgactgctgctg -3’), 

nerve growth factor receptor NGFR F (5’-aagagatccctggtcgatgg-3’), NGFR R (5’- 

gcagccaagatggagcaata-3’), glucocorticoid receptor GR F (5’-attttcacatctcacccgca-3’), GR R (5’- 

agtagccctttccctttccc-3’), interleukin-2 IL-2 F (5’-cacttggaagacgctggaaa-3’), IL-2 R (5’- 

cccttggggcttacaaaaag-3’), interleukin-4 IL-4 F (5’-cggtatccacggatgtaacg-3’), IL-4 R (5’- 

ctccgtggtgttccttgttg-3’), interferon- γ  INF-γ F (5’-cccacagatccagcacaaag-3’), INF-γ R (5’- 
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ttggcacactctctacccca-3’), beta-actin β-actin F (5’-ctaggcaccagggtgtgatg-3’), β-actin R (5’- 

ggggtacttcagggtcagga-3’) 

RT-PCR was performed using an Access RT-PCR System (Promega, Madison, USA) and a Genius 

thermal cycler (Bio-Rad, CA, USA) according to the manufacturer’s instructions. The RT-PCR 

products (5 μl each) were resolved at 135 v for 30 min on a 1.2% agarose gel (Bio-Lab, CA, USA) 

and visualized by ethidium bromide staining (Sigma-Aldrich, MO, USA) in TBE buffer (In Vitro 

Technologies Ltd., Biotek). The DNA in appropriately-sized bands was quantified under UV light 

using a Bio-Rad Chemi-Doc system (Bio-Rad, CA, USA). The values obtained for β-actin were used 

to correct for differences in the amount of cDNA in each sample.  

 

4.4 Western blotting analysis 

Total proteins were isolated from frozen ovary samples using lysis buffer (Bio-Rad, CA, USA) 

according to the manufacturer’s instructions. Briefly, the tissues were washed twice with cold PBS 

and lysed with RIPA lysis buffer for 25 min. The lysates were sonicated three times at 20-second 

intervals, aliquotted, and stored at -20℃. The protein concentrations were determined using a DC 

protein assay kit (Bio-Rad, CA, USA), and equal amounts of protein were subjected to 15% SDS-

PAGE and transferred to nitrocellulose membranes. The membranes were incubated overnight at 4

℃ with primary antibodies against Hsp 90 (1:1000; Assay Designs, Stressgen, USA) or β-actin 

(1:2000; R&D Systems, USA). The membranes were washed with PBS-Tween (0.05%), and then 

incubated with goat anti-mouse or anti-rabbit IgG HRP-conjugated secondary antibodies for 90 min 

at room temperature. Antibody-bound proteins were visualized using an ECL Western blotting 

analysis system (Amersham Pharmacia Biotech UK Limited) and assessed with a Chemi-Doc system 

(Bio-Rad, CA, USA). The membranes were first probed with the Hsp 90 antibody, and then 
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subsequently stripped and reprobed with β-actin antibody as an internal control and to confirm equal 

loading.  

 

4.5 Immunohistochemistry 

For the immunohistochemical detection of Hsp 90, free-floating sections were pre-incubated for 30 

min in a 1% solution of H2O2, and then incubated overnight at 25℃ in 0.3% Triton X-100, 0.5 mg/ml 

bovine serum albumin, and a polyclonal antibody against Hsp 90 (1:100 dilution; Assay Designs, 

Stressgen, PE, USA). Each section was then incubated for 120 min with the appropriate secondary 

antibody (1:200; Vector, Burlingame, CA, USA) and treated with an avidin-biotin-peroxidase 

complex (1:100; Vector) for 1 h at room temperature. Peroxidase activity was visualized by 

incubating the section with 0.02% DAB and 0.01% H2O2 in 0.5 M Tris-buffered saline (pH 7.6). After 

several rinses, the sections were mounted on gelatin-coated slides, counterstained with Mayer’s 

hematoxylin, dehydrated, and cover-slipped using Histomount medium (Invitrogen, Camarillo, CA, 

USA).  

 

4.6 Blood samples 

Approximately 5 ml blood samples were collected into heparinized syringes from the left ventricles 

of anesthetized rats. Plasma was separated by centrifugation at 1200 g for 15 min at 4℃ and stored 

at -20℃ until use. Each sample was assayed for LH and FSH by enzyme-linked immunosorbent 

assay (ELISA), and estradiol, testosterone and corticosterone levels were assessed by 

radioimmunoassays (RIAs).  
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4.7 ELISA of FSH and LH 

The serum concentrations of LH and FSH were measured by sensitive and specific competition 

ELISA (Merck Millipore, CA, USA), following the manufacturer’s instructions. The rat LH ELISA 

was performed using rLH-I-9-coated plates, an antiserum against rLH, and a peroxidase-labeled 

antibody against rabbit IgG. Using rLH-RP-3 as a standard, the level of rat LH was determined by 

the binding of the anti-LH antibody to the rLH-I-9 coated plates. The sensitivity of the assay was 0.8 

ng/mL. Similarly, the rat FSH-ELISA was performed using rFSH-I-8 coated plates, an antiserum 

against rFSH, and a peroxidase-labeled antibody against rabbit IgG. Using rFSH-RP-3 as a standard, 

the level of FSH was determined by the binding of the anti-FSH antibody to the rFSH-I-8 coated 

plates. The sensitivity of this assay was 1.25 ng/mL.  

 

4.8 RIAs for testosterone, corticosterone, and estradiol  

For measurement of serum testosterone (expressed as ng/dL), duplicate 50-μL samples were assayed 

using a Coat-A-Count Total Testosterone kit (Siemens Medical Solutions Diagnostics, PA, USA), 

following the manufacturer’s instructions. The assay sensitivity was 0.14 nmol/L. All samples were 

measured in a single assay; the intra-assay coefficients of variation for the two assays were 6.4%, 

5.9%, and 7.3% for the low (264 ng/dL), medium (594 ng/dL), and high (1300 ng/dL) solutions, 

respectively. For measurement of serum corticosterone concentrations (expressed as ng/mL), 

duplicate 50-μL aliquots were assayed using a Coat-A-Count Total Corticosterone kit (Siemens 

Medical Solutions Diagnostics, PA, USA), which applies solid-phase RIA using a testosterone-

specific antibody immobilized to the wall of a polypropylene tube. The assay sensitivity was 5.7 

ng/mL. The inter-assay coefficients of variation for the two assays were 12.2%, 4.3%, and 4.0% for 

the low (24.6 ng/mL), medium (154 ng/mL), and high (427 ng/mL) solutions, respectively.  
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For measurement of serum estradiol concentrations (expressed as pg/mL), duplicate 100-μL aliquots 

were assayed using a Coat-A-Count Total estradiol kit (Siemens Medical Solutions Diagnostics, PA, 

USA), which uses antibody-coated tubes. The analytical sensitivity was basic procedure for 8 pg/mL 

(29 pmol/L). The inter-assay coefficients of variation for the two assays were 7.4%, 5.5% and 4.2% 

for the low (90 pg/mL), medium (262 pg/mL), and high (1025 ng/mL) solutions, respectively.  

 

4.9 Statistical analyses 

 SPSS 11.0 for Windows (SPSS Inc., Chicago, IL, USA) was used to perform the statistical tests. The 

statistical significance of differences was assessed by one-way ANOVA, followed by Duncan’s 

multiple range test for multiple comparisons. P<0.05 was considered significant. The results are 

expressed as the mean ±SEM. 
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Figures and Figure legnds 

 

Figure 1. Modulation of steroid hormone receptor in PCOS rat model by administration of 

Hochu-ekki-to. Mean mRNA expression levels of AR, ER-α, ER-β, NGFR, and GR in the ovaries 

of the diestrous (D) and proestrous (P) control groups, the ACTH injection group (A), the cold-stress 

group (CS), and the groups treated with Hochu-ekki-to following ACTH injection (T1) and cold stress 

(T2). Means labeled with different letters are significantly different from each other (P<0.05). 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2017                   doi:10.20944/preprints201705.0073.v1

Peer-reviewed version available at Molecules 2017, 22, , 978; doi:10.3390/molecules22060978

http://dx.doi.org/10.20944/preprints201705.0073.v1
http://dx.doi.org/10.3390/molecules22060978


20 

 

 

Figure 2. Induction of cytokine expression in PCOS rat model by administration of Hochu-

ekki-to. Mean mRNA expression levels of IL-2, IL-4, and IFN- γ in the ovaries of the diestrous (D) 

and proestrous (P) control groups, the ACTH injection group (A), the cold-stress group (CS), and the 

groups treated with Hochu-ekki-to following ACTH injection (T1) and cold stress (T2). Means 

labeled with different letters are significantly different from each other (P<0.05). 
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Figure 3. Involvement of MAP2K2 and Hsp90 for Hochu-ekki-to signaling in PCOS rat model. 

Mean protein expression levels of MAP2K2 and Hsp 90 in the normal diestrous group (Normal), 

ACTH injection group (ACTH), cold-stress group (C.S), Hochu-ekki-to-treated ACTH injection 

group (T1) and Hochu-ekki-to-treated cold-stress group (T2) (A). Sections of ovaries from normal, 

ACTH, S.C, T1 and T2 were immunostained for MAP2K2 (B) and Hsp 90 (C). Means labeled with 

different letters are significantly different from each other (P<0.05). Scale bar 50μm. 
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Figure 4. Measurement of intravascular steroid hormone level in PCOS rat model with/without 

Hochu-ekki-to treatment. Serum testosterone concentrations in the ovaries of rats from the diestrous 

control (D), proestrous control (P), ACTH injection group (A), cold-stress (CS), Hochu-ekki-to-

treated ACTH injection (T1), and Hochu-ekki-to-treated cold-stress (T2) groups. Means labeled with 

different letters are significantly different from each other (P<0.05).  
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