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ABSTRACT 
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Stress is a crucial determinant for maintenance of health and has 

been accompanied with neuropsychiatric disorders and abnormal 

behavioral symptoms. Processed Hydrangea Leaf is a traditional tea that 

has been used as a natural sweetening agent for food and has a meaning 

of 'Inner peace' in Buddhism. The aim of this study was to investigate the 

preventive effect of Processed Hydrangea Leaf extract (PHL) on mice 

against acute restraint-induced stress. Acute Restraint Stress (ARS) is 

widely used to evoke depression-like and anxiety-like behaviors in 
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C57BL/6 mice. ARS induced traumatic behavior and higher 

corticosterone level in plasma compared with common state. 

Preadministration of PHL at dose of 0, 10, 50 mg/kg by daily gavage for 

5 days decreased the immobility time in tail suspension test (TST), and 

increased locomotor activity in open field test (OFT). In both prefrontal 

cortex and hippocampus, the effects of PHL on the brain-derived 

neurotrophic factor (BDNF) signaling pathway were revealed that PHL 

reduced the increased BDNF levels in mice subjected to repeated restraint 

stress. In conclusion, Processed Hydrangea Leaf extract has a protective 

effect on acute restraint-induced stress via BDNF signaling pathway in 

mice. 
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Ⅰ. INTRODUCTION 

Stress is a feedback survival response that strengthens the physical 

and mental status of individuals. However, severe stress can negatively 

affect a person’s mental and physical well-being. As the world becomes 

more competitive, stress has been discussed as the largest single factor 

that impacts on a homeostasis. Many studies have shown that stress has 

an impacts on the secretion of hormones to protect oneself [1], and thus 

can induce metabolic diseases. For example, some stresses can lead to 

obesity through dysfunction of hormones in emotional brain networks [2]. 

In addition, stress can result in neurodegenerative diseases such as 

alzheimer's disease [3].  

Hypothalamus-pituitary-adrenocortical (HPA) axis and 

neurotrophic factors, such as brain-derived neurotrophic factor (BDNF), 

have been linked to psychological diseases. Components of HPA axis are 

crucial targets for preventing and treating this psychiatric diseases [4] [5]. 
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Many studies have demonstrated that BDNF expression or 

phosphorylation has been related with depression in both animal model 

and patients [6] [7]. Acute stress can stimulate neurogenesis, and 

increases BDNF expression [8]. Down-stream signal transduction 

proteins of BDNF signaling pathway in prefrontal cortex (PFC) and 

hippocampus play an important role in the pathophysiology of stress [9]. 

This pathway may be contained within the pharmacological processes of 

antidepressants. 

Processed Hydrangea Leaf is usually consumed as a tea, and it is 

popular in Asian countries such as South Korea, China and Japan because 

of its sweet taste. In Buddism, Processed Hydrangea Leaf has a meaning 

of ‘Inner Peace’ and is especially used in ceremonies for celebrating 

Budda’s Birthday. Processed Hydrangea Leaf is prepared from the fresh 

leaf of Hydrangea serrate seriger var, Thunvergii sugimoto. This plant can 

be cultivated in Gangwon-do, South Korea. It becomes sweet during the 
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processes of fermentation and drying. PHL has known as medicinal plants 

in traditional remedy, and is also reported to have antiallergic, antiulcer 

[10], antimicrobial [11], and antifungal effects [12].  

However, the effects of PHL on HPA axis such as anti-stress and 

anti-anxious effect, have not been reported. This study was designed to 

investigate preventive effects of PHL on mice model induced by acute 

restraint stress and its influence on BDNF signaling pathway. 
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Ⅱ. MATERIALS AND METHODS 

1. Materials 

Processed hydrangea leaves were purchased from Kamrodawon 

(Gangwon-do, South Korea) and Fluoxetine, as a positive control, was 

purchased from Sigma-Aldrich (St. Louis, MO, USA). The dose was 

presented as such power, dissolved in the distilled water. 

2. PHL preparation 

Dried processed hydrangea leaves were grinded into pieces and 

mixed with ethanol:water solution (50:50, v/v) in the ratio of 1:10 (w/v). 

Processed hydrangea leaves were boiled in 60℃ for 30 minutes and 

extract was filtered. The extract was concentrated to 13 degrees Brix 

(°Brix), and was freeze-dried to make lyophilized powder. The doses were 

presented as such powder, dissolved in the distilled water. In this paper, 

all doses of PHL extract are expressed as gram of the extract powder per 

kilogram body weight. 
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3. Animals  

Male C57BL/6 mice (Age; 4weeks, Weight; 15 - 16 g) were 

purchased from the Koatech Laboratory Animal Center (Gyeonggi-do, 

South Korea) and were given a period of 1 week to acclimate to the new 

facility. Animals were housed individually in ventilated cages under 

specific pathogen-free conditions at 21 ± 2℃ with a 12-hr light/dark 

cycle (light period starting at 8 am) with free access to food and water. 

All experimental protocols were approved by the Institutional Animal 

Care and User Committee of Seoul National University. 

4. Sample treatment 

PHL was administered by oral gavage (po) for 5 days prior to the 

training trials of the Open Field Test and Tail Suspending Test. Fluoxetine 

was dissolved in PBS and injected intraperitoneally (ip) on the trial day. 

PHL and Fluoxetine were administered 60 minutes before the training 

trials, and Fluoxetine dissolved in deionized water was injected 60 
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minutes before the trials. The weight of mice was measured before the 

trials. 

5. Acute Restraint Stress (ARS) 

Mice were physically restrained in 50ml Falcon tubes for 60 

minutes (10 am – 11 am) without food or water. Exceptionally, mice in 

control group were housed in their individual cages under normal 

conditions. 

6. Behavior Test 

Behavior tests were performed in a test room equipped with a 

video camera that was used to record the movement of the animal. During 

testing, a white noise generator produced background noise to remove 

ambient noise. 

6.1. Open Field Test (OFT) 

Open field test was conducted to measure anxious behaviors in 

mice. The test was conducte in a rectangular container made of 
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polyethylene (40 × 40 × 30 cm). Each animal was introduced into the 

same left back corner of the arena, and was allowed to move the arena for 

5 minutes. A computerized video-tracking system using the Enthovision 

(Noldus, Wageningen, NLD) analyzed video to check the following 

behaviors : Total distance moved, Frequency across the center, and Time 

in center zone. Between the trials, the apparatus was thoroughly cleaned 

with 70% ethanol and tissue paper. 

6.2. Tail Suspending Test (TST) 

Tail Suspending Test was conducted to measure depression-

related activity in mice. The task was performed for a 6 minutes, 

according to procedures described by (Adem Can et al., 2012). Mice were 

suspended individually within its own three-walled rectangular 

compartment (55 height X 15 width X 11.5 cm depth) by adhesive tape 

placed 2 cm from the tip of the tail. The duration of immobility was 

manually measured. 
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6.3. Experimental design 

Experiment was performed in the following design [Figure 1A]. 50 

mice were randomly divided 5 groups (10 mice per group), and each 

experimental group was administered saline, fluoxetine, and PHL 

respectively [Figure 1B]. 

Control : Saline (po) and Saling (ip) were respectively administered and 

ARS were not induced after 45 minutes of administration. 

ARS : Saline (po) and Saling (ip) were respectively administered and 

ARS were induced after 45 minutes of administration. 

PHL (10 mg/kg) : PHL (10 mg/kg, po) and Saling (ip) were respectively 

administered and ARS were induced after 45 minutes of administration. 

PHL (50 mg/kg) : PHL (50 mg/kg, po) and Saling (ip) were respectively 

administered and ARS were induced after 45 minutes of administration. 

Fluoxetine : Saline (po) and Fluoxetine (10 mg/kg, ip) were respectively 

administered and ARS were induced after 45 minutes of administration. 
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OFT and TST were performed 10 minutes after setting mice free from 

ARS to investigate effect of PHL on mice. 
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Figure 1 

 

 

 

Figure 1. Schematic representation of the ARS experimental 

procedure and behavioral test 

A, A schematic diagram of experiment. Each group consists of 10 mice. 

B, A table represented doses (10 mg/kg, 50 mg/kg) of test agents, and 

whether to induce ARS for each group. 
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7. Corticosterone enzyme-linked immunosorbent assay 

Blood sample was taken from each mouse tail. Plasma separated 

from blood was collected into 1.5ml Eppendorf tubes and stored at -80℃. 

Corticosterone levels in mice were assessed using ENZO Corticosterone 

enzyme-linked immunosorbent assay (ELISA) kit (Cat# ADI-900-097, 

ENZO life science, New York, USA). The sensitivity of the corticosterone 

assay was 27 pg/ml. 

8. GOT / GPT measurement 

Plasma glutamic oxaloacetic transaminase (GOT) and Glutamic 

pyruvate transaminase (GPT) were measured using ASAN GOT GPT 

Reagent set (Cat# AM 101-K, Asan Pharmaceutical, Seoul, South Korea) 

by Reitman-Frankel method. 

9. Western blot analysis 

Frontal Cortex and hippocampus were homogenized in 

radioimmunoprecipitation assay buffer (Cell Signaling Technology, 
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Beverly, MA, USA). The lysate was centrifuged at 14,000 x g for 10 

minutes. The protein concentration of the supernatant was determined 

using a Protein Assay Reagent (Bio-Rad, Hercules, CA, USA). The 

Protein was separated by 12% Sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE) and electrophoretically transferred to a 

polyvinylidene fluoride (PVDF) membrane (Millipore, Billerica, MA, 

USA). The membranes were blocked in 5% bovine serum albumin (BSA) 

in tris-buffered saline and Tween-20 and then incubated with specific 

primary antibodies against Glucocorticoid Receptor (D6H2L) (1:1000, 

Cell Signaling), BDNF (1:1000, Santa Cruz), phosphorylated (p)-CREB 

(Ser133, D1G6) (1:1000, Cell Signaling), CREB (48H2) (1:1000. Cell 

Signaling), p-ERK (E-4) (1:1000, Santa Cruz), ERK (1:1000, Santa Cruz), 

and -actin (1:1000, Sigma-Aldrich). After incubation with the 

horseradish-peroxidase-conjugated secondary antibodies, protein bands 
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were detected using an enhanced chemiluminescence (ECL) detection kit 

(GE Healthcare, St.Giles, UK). 

10. Statistical analysis 

Statistical analyses were performed using SPSS 19.0 for 

Windows (SPSS Inc., Chicago, IL, USA). Data were expressed as mean 

± standard error of the mean (SEM) and analyzed using one-way analysis 

of variance (ANOVA) followed by Fisher’s least significant difference 

test. 
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Ⅲ. RESULTS 

1. PHL prevented ARS-induced depression-like behavior in mice. 

Preadministration of PHL at 10 and 50 mg/kg did not exhibit 

changes in body weight [Figure 2A]. Next, the immobility time during 

TST was measured to examine the effect of PHL on the depression-like 

behavior in mice. ARS induced a significant increase in the immobility 

time of mice in the TST compared with that of control group (P < 0.01). 

The PHL ameliorated ARS-induced increase in the immobility time at 

both the dosage 10 mg/kg and 50 mg/kg (P < 0.05) [Figure 2B]. PHL 

exhibited a protective effect against ARS-induced increase in the 

immobility time in TST, and thus prevented ARS-induced depression-like 

behavior in mice. 
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Figure 2 

 

 

 

Figure 2. Effect of PHL on the depression-like behavior in mice 

A, Body weight was measured on the test day. B, Immobility time was 

measured during TST. Data were analyzed by one-way ANOVA followed 

by t-test and represented as the means ± SEM (N = 10 mice per group). 

## P<0.01 in comparison to the Control ; * P<0.05 and *** P<0.001 in 

comparison to the ARS (negative control). 
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2. PHL reduced ARS-induced anxiety-like behavior in mice. 

Locomotor behaviors were recorded during OFT to investigate 

the effect of PHL on the anxiety level in mice. Total activity showed no 

significant changes between groups [Figure 3B]. However, time in center 

zone and frequency into center zone were decreased in ARS-induced mice 

(P < 0.05). This indicates an increase in anxiety levels compared with 

mice of control group [Figure 3A, 3C and 3D]. Mice of PHL high 

concentration group (50 mg/kg) moved more frequently across the center 

zone (P < 0.05) [Figure 3D]. PHL reduced anxiety-like behavior in mice. 
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Figure 3 

 



  １８ 

Figure 3. Effect of PHL on the anxiety-like behavior in mice 

A-D, Representative track for the OFT (A), Total distance moved (B), 

Time in center zone (C), and Number of entries (D) were measured during 

OFT. Data were analyzed using Enthovision (Noldus, Wageningen, NLD). 

Data were analyzed by one-way ANOVA followed by t-test and 

represented as the means ± SEM (N = 10 mice per group). # P<0.05 in 

comparison to the Control ; * P<0.05 in comparison to the ARS (negative 

control). 
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3. PHL decreased ARS-induced plasma corticosterone concentration 

without liver toxicity. 

Corticosterone is a representative biomarker that shows a rise in 

a stressful condition. To check physiological changes, plasma was 

analyzed using ELISA. ARS stimulated secretion of corticosterone (P < 

0.001), and PHL reduced an increase of plasma corticosterone 

concentration dose-dependently (P < 0.01) [Figure 4A]. 

GOT and GPT (AST and ALT) are indicators of liver damage. So, these 

were measured to observe for liver toxicity of PHL. There were no 

significant changes between groups [Figure 4B and 4C]. 

Overall, these results indicate that PHL effectively prevented changes of 

plasma corticosterone concentration caused by stress without liver 

toxicity. 
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Figure 4 
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Figure 4. Effect of PHL on the corticosterone concentration without 

liver toxicity 

A, Corticosterone concentration was measured by ELISA. B and C, GOT 

and GPT level was analyzed by Reitman-Frankel method. Data were 

analyzed by one-way ANOVA followed by t-test and represented as the 

means ± SEM (N = 10 mice per group). ### P<0.001 in comparison to 

the Control ; * P<0.05 and ** P<0.01 in comparison to the ARS (negative 

control). 
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4. PHL ameliorated the activated BDNF signaling pathway by ARS 

in frontal cortex. 

The expression levels of proteins related with BDNF signaling 

pathway was determined in frontal cortex to examine the effect of PHL 

Expression of pro- and mature BDNF were increased because of ARS, 

and reduced by administration of PHL dose-dependently. Acute stress 

temporarily stimulated neurogenesis activity of frontal cortex, and PHL 

ameliorated the degree of stimulation in frontal cortex [Figure 5A]. 

Protein expression levels of other biomarkers in BDNF signaling pathway, 

such as phosphorylated and total proteins of GR, (p-)CREB and (p-)ERK, 

were also increased because of ARS, and reduced by PHL [Figure 5B]. 

Collectively, these findings indicated that PHL attenuated the activation 

of BDNF signaling pathway induced by ARS. 
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Figure 5 
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Figure 5. Effect of PHL on activation of BDNF signaling pathway in 

frontal cortex 

A, The expression levels of pro- and mature BDNF in frontal cortex were 

measured by western blot assay, and -actin was used as a loading control. 

B, The expression levels of phosphorylated (p-) and total proteins in 

frontal cortex were measured by western blot assay using specific 

antibodies described in materials and methods.  
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5. PHL ameliorated the activated BDNF signaling pathway by ARS 

in hippocampus. 

To investigate whether PHL has an effect on BDNF signaling 

pathway within hippocampus, protein expression levels of biomarkers 

were examined. The expression of pro- and mature BDNF were activated 

by ARS, and downregulated by PHL dose-dependently [Figure 6A]. In 

addition, PHL suppressed expression of GR, (p-)CREB and (p-)ERK 

[Figure 6B]. It has a similar tendency with analysis results of frontal 

cortex. These results showed that PHL diminished ARS-induced 

stimulation through all stages of BDNF signaling pathway within 

hippocampus. 
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Figure 6 
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Figure 6. Effect of PHL on activation of BDNF signaling pathway in 

hippocampus 

A, The expression levels of pro- and mature BDNF in hippocampus were 

measured by western blot assay, and -actin was used as a loading control. 

B, The expression levels of phosphorylated (p-) and total proteins in 

hippocampus were measured by western blot assay using specific 

antibodies described in materials and methods. 
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Ⅳ. DISCUSSION 

Processed hydrangea tea has been recognized to have positive 

effect in experimental models of diabetes [13], therefore being used as 

an alternative sweetness for reducing blood glucose. There are some 

reports to investigate its effect on nervous system. Hydrangenol, one of 

main active components in PHL, inhibited NO production in LPS-

induced BV2 microglial cells by suppression of their regulatory genes 

[14]. However, there are few evidences that could show its effect on 

psychological stress. 

It is well-known fact that PHL has a meaning of ‘equilibrium of 

our mind’ in Buddhism, and people believe that intake of PHL can have 

sedative effect in our bodies. So, I investigated whether administration 

of PHL demonstrates protective effect on psychological stress in the 

present study. PHL administration ameliorate anxiolytic- and depressive-
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like behaviors in mice, and have an influence on activation levels of HPA 

axis and BDNF signaling pathway. 

Stress is one of the main reasons that can ruin physiological 

balance of the body through producing negative effects on the endocrine, 

nervous, and immune system. There are two different types of stress : 

acute stress, and chronic stress. When stressor is applied for a short term, 

i.e. acute stress, it is the most common form of stress and leads to motion 

and physiological changes to cope with the stress. 

In the present study, I used acute restraint-induced model which 

is a representative model having behavioral and physiological symptoms 

similar to depressed patients [15]. So, this model has been used to study 

antidepressant-like effect of diverse drugs. Acute restraint stress causes 

anxiolytic- and depressive-like effects on behavioral tests such as OFT 

and TST. Open field test is commonly used to assess locomotor, and 

anxiety-like behaviors in experimental animal. In the open field test, 
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ARS-induced mice showed decreased ambulation which indicated 

increased apathy in these animals. Tail suspending test is a behavior test 

to evaluate the level of lethargy [16]. Fluoxetine has an ameliorative 

effect both on anxiety and depression in behavior tests in mice. 

Stress exposure also activates the hypothalamic-pituitary-

adrenal (HPA) axis and give rise to hypersecretion of corticosterone. 

High level of CORT in plasma was commonly observed in stressed 

patients [17]. In the present study, ARS significantly increased plasma 

CORT level, which indicated that ARS disrupted regulation of HPA axis, 

while PHL restored it. These results were also in line with the previous 

studies that antidepressant restore HPA axis function [18]. All above 

results suggested that PHL might have antidepressant-like effects by 

reduction of CORT secretion and restoration of HPA axis. 

Several studies have investigated the influence of 

glucocorticoids on BDNF expression [19]. BDNF plays a key role in 



  ３１ 

central nervous system (CNS) and supports the regulation of 

pathophysiology of stress. Glucocorticoids receptors, GR and MR, act as 

a mediator between HPA axis and BDNF signaling pathway [20]. Acute 

stress increases GR protein expression, and glucocorticoids bind to GR 

[21], then affecting BDNF expression. Hyper-function of HPA axis 

induced by acute stress could leads to elevated BDNF protein expression 

as the results of neuronal protective response. Therefore, potential effect 

of PHL on stress was assessed by BDNF protein expression. In the 

present study, ARS boosted function of BDNF signaling pathway in both 

PFC and HC. These results were consistent with previous studies that 

ARS increased BDNF mRNA level and protein expression level [22] 

[23].  

On the contrary, PHL reversed ARS-induced increase in BDNF 

protein expression in both PFC and HC. Therefore, it was suggested that 

PHL might obstruct the negative effect of acute stress into BDNF 
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signaling pathway, and PHL might exert preventive effect on stress 

through maintaining homeostasis of HPA axis. 

In summary, oral administration of PHL protects against acute 

stress in mice and preserves homeostasis in both HPA axis and BDNF 

signaling pathway. Acute stress aroused depressive- and anxiolytic-like 

behaviors in mice. Also, the stressed state induced by ARS elevated 

levels of corticosterone as well as protein expression of BDNF and 

signaling molecules in BDNF signaling pathway, while PHL reduced the 

effect of ARS. These findings indicate that PHL will be a therapeutic 

agent that could prevent the psychological stress. Further studies are 

needed to determine the exact targets of PHL. In addition, clinical studies 

are required to facilitate its usage. 
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Ⅵ. 국문 초록 

스트레스의 증가와 이로 인한 생체 지표의 변화는 

각종 질병의 원인이 된다. 본 연구에서는 예로부터 아시아 

국가들에서 차의 형태로 섭취되어 온 수국차 추출물이 

스트레스를 완화하는지 확인하기 위하여 단기 스트레스 유도 

동물 모델에 미치는 효능을 관찰하였으며, 신경세포의 

신호전달자인 BDNF (Brain-derived neurotrophic factor) 매개 

신호전달계와 관련하여 그 작용 기작을 규명하였다. 동물 

모델에 수국차 추출물 (PHL)을 10, 50 mg/kg 의 농도로 1 주간 

경구 투여하였고, 실험 당일에 단기로 구속 스트레스 (Restraint 

stress)를 유도하였다. 구속 스트레스를 유도한 동물 모델에 

꼬리현수실험 (Tail Suspending Test)을 시행한 결과, PHL 

저농도군 (10 mg/kg)과 PHL 고농도군 (50 mg/kg) 모두 우울증 

유사 행동을 개선하였고, 개방장 실험 (Open Field Test)에서는 

PHL 고농도군에서 불안 행동을 개선하였다. 구속 스트레스에 
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의한 HPA (Hypothalamic-pituitary-adrenal) 축 회로의 조절 

장애로부터 혈액 내 glucocorticoid 의 함량이 증가하였으나, PHL 

투여군에서는 농도의존적으로 이를 완화시켰으며, 전두엽 

(Frontal Cortex)과 해마 (Hippocampus) 에서 구속 스트레스에 

의한 BDNF 발현 증가를 억제시켰다. 이러한 결과를 

종합하였을 때, 구속 스트레스를 적용하기 전 투여시킨 수국차 

추출물이 스트레스로 약화된 HPA 회로에 기인한 BDNF 발현 

증가와 밀접한 관련을 가지며 스트레스 완화 효능을 가짐을 

확인하였다.  
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