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Abstract:  Acanthopanax senticosus HARMS (ASH), a traditional Chinese herbal medicine, has been used to treat 

arthralgi, muscle weakness of the lower body, hypertension, and impotence. ASH was also reported to increase 

resistance to stress and fatigue. Recently, the efficacy of ASH against depression and stress-induced gastric ulcer 

was demonstrated in a rodent model. Previously, we also reported that ASH exerted anxiolytic effects and 

modulated autonomic nervous system activity under stress. However, no research has examined the anxiolytic 

effects of isofraxidin and syringin, two constituents of ASH. Thus, we investigated the anxiolytic constituents of 

ASH. The rats were administered distilled water, isofraxidin or syringin for 1 week. Autonomic nervous system 

activity was estimated using heart rate variability and anxiety behavior in the improved elevated beam walking 

(IEBW) test. The syringin increased the time spent in the open arm in the IEBW test. The syringin blocked the 

significant decrease in normalized high-frequency power, indicative of parasympathetic nervous system activity, 

in the IEBW test. The isofraxidin exerted no significant effects on behavior and autonomic nervous system activity. 

These results indicated that syringin partially contributes to the anxiolytic and autonomic nervous system-

modulating effects of ASH. 
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1. Plant Source 
 

A dried 2–5 cm root tip of Acanthopanax senticosus HARMS (ASH) from Heilongjiang, China, 

was cut and extracted with hot water. The extract was concentrated under reduced pressure and dried 

using a spray dryer. The herb specimen was authenticated by Professor Sansei Nishibe of the Laboratory 

of Pharmacognosy, Department of Pharmaceutical Sciences, Health Science University of Hokkaido. 

The extract powder was provided by Sun Chlorella Co., Ltd. (Kyoto, Japan) and  a voucher specimen is 

deposited in Sun Chlorella Corp as LN 8142. Isofraxidin (≥99.0%, 099-03651 FUJIFILM Wako Pure 

Chemical Corporation, Osaka, Japan) and syringin (≥97%, S920050, Toronto Research Chemicals, 

Toronto, Canada) were used.    

 

2. Previous studies 
 

Acanthopanax senticosus HARMS (ASH) is a deciduous shrub of the ragweed family that grows 

abundantly in various regions of Russia, China, Korea, and Northern Japan. ASH is described in classic 

herbalism literature such as Shennong Ben Cao Jing and Compendium of Materia Medica. ASH has 

been used in China for more than 2000 years to treat conditions such as rheumatic arthritis and neuralgia 

[1]. Recently, ASH was identified as an adaptogen [2]. Furthermore, ASH is also reported to increase 

resistance to stress and fatigue [3,4]. ASH is widely used as an alternative or complimentary medicine 

in Western countries based on its various pharmacological benefits and limited side effects [5]. ASH 

has a protective effect against gastric ulcers [3] and prevents depressive symptoms induced by tail 

suspension and the forced swimming test [4,6]. ASH was also reported to affect neurons [7–9], including 

protective effects against neurodegenerative disorders (such as Parkinson’s disease) in rodents [10,11]. 

We previously reported that ASH attenuates the activation of sympathetic nervous system activity and 

the suppression of parasympathetic nervous system activity in stressful environments [12]. Recent 

studies identified bioactive components in ASH extract, including chlorogenic acid, eleutheroside E, 

isofraxidin (1), and, syringin (2) described their pharmacological effects [1,13,14] (the structure in 

Figure 1). Various pharmacological effects of isofraxidin (1) were summarized previously [15]. In 

particular, anti-inflammatory and anti-oxidant effects were investigated in isofraxidin (1). Syringin (2) 

(also termed eleutheroside B) is considered to have immunomodulatory effect [16] and improve insulin 

resistance via acetylcholine release [17].  

 

 

 
1 2 

 

 

Figure 1. The structure of isofraxidin (1) and syringin (2) 

 

3. Present Study 
 

 The components in ASH responsible for its anxiolytic effects have not been identified. The 

major components of the ASH extract were measured by HPLC in our previous study [12]. In that study 
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we have determined the main compounds of the hot water extract of the species as isofraxidin (1), 

eleutheroside B (2, syringin), B1 and E [12].  However, no research in behavioral pharmacology has 

examined the anxiolytic effects of compounds 1 and 2. In this study, we investigated the effect of 

compounds 1 and 2 on anxiety behavior and autonomic nervous system (ANS) activity in the improved 

elevated beam walking (IEBW) test which is the improved version of the elevated plus maze (EPM) in 

the point of the reproducibility and the variability in the ANS activity and the behavior. 

 We used the IEBW apparatus by installing a 2 × 4 timber (180 cm × 8.9 cm) 190 cm above the 

floor level, and the apparatus included open (140 cm × 8.9 cm) and closed (40 cm × 8.9 cm × 28.5 cm) 

arms (see reference [12] and supporting information of article for details). Rats were placed on the tip 

of the open arm, then allowed to explore the area freely for 3 min. We analyzed the time spent on the 

open-arm and cardiac ANS activity by HRV analysis. Each doses were decided by the consumption of 

the 5%(w/w) ASH extract contained foods in the previous study [14]. The animal study was permitted 

by the Ethics Committee on Animal Use of the Suzuka University of Medical Science and conducted 

according to the “Guide for the Care and Use of Laboratory Animals (NIH Publication)” (see supporting 

information). 
 

 
Figure 2. Effects of isofraxidin (1) and syringin (2) on the anxious behaviors and the cardiac autonomic 

nervous activity in the improved elevated beam walking test. (A) The time spent on the open 

arm. (B)  Normalized unit of low-frequency (LF) power (LFnu) reflects sympathetic nervous 

system activity. (C) Normalized unit of high-frequency (HF) power (HFnu) reflects 

parasympathetic nervous system activity. (D) LF/HF indicates the balance between 

sympathetic and parasympathetic nervous system activities. Cont (left) and ASH5% data is 

cited from our previous study [12]. Data are presented as the mean ± standard error; n = 5; *P 

< 0.05, **P < 0.01 vs. the Cont (left or right) group (Dunnett’s or unpaired t-test), #P < 0.05 

vs. each home cage (paired t-test). 
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The time spent on the open arm was significantly increased in the compound 2 group compared 

with that in the Control group (Figure 2A). Compound 1-administered rats also exhibited a longer time 

spent on the open arm, but the difference was not significant. We placed rats implanted with a telemeter 

under home cage housing conditions and measured ANS activity at rest. No differences in ANS activity 

and the ratio of low-frequency power to high-frequency power (LF/HF) under home cage housing 

conditions were observed within any group (Figure 2B-D). Subsequently, we measured ANS activity 

under the IEBW conditions. The IEBW conditions significantly increased normalized unit of low-

frequency (LFnu) power and decreased normalized unit of high-frequency (HFnu) power in the Control 

and compound 1  groups compared with the findings under home cage conditions (Figure 2B and C). 

Additionally, we also observed significantly increased LF/HF in the Control and compound 1 groups 

under the IEBW conditions (Figure 2C). Under the IEBW conditions, the compound 2 exhibited 

significantly higher LFnu and LF/HF than those under home cage housing conditions. The 

administration of compound 2 under IEBW conditions suppressed the changes of HFnu and LF/HF 

observed in the Control group (Figure 2C and D). 

Previous research revealed that the administration of ASH extract prolonged the time spent in 

the open arm of our previously developed IEBW apparatus (Figure 2A). ASH extract also attenuated 

the activation of the sympathetic nervous system and suppression of the parasympathetic nervous 

system. (Figure 2B-D) [12]. Prior reports illustrated that isofraxidin (1) exerted neuroprotective effects 

against amyloid beta-induced toxicity and inhibited monoamine oxidase B (MAOB) activity [15], 

suggesting benefits against anxiety behavior. Contrary to expectations, compound 1 did not significantly 

alter anxiety behavior and ANS activity in this study. The MAOB-inhibitory effect of isofraxidin (1) 

identified by Yan et al. using affinity ultrafiltration mass spectrometry was not evaluated in vivo [15]. 

The dose of compound 1 was determined based on the amount contained the ASH extract which showed 

anxiolytic effect in our previous study [12], but may not be appropriate for inhibiting MAOB activity.  

It was also reported that the concentration of isofraxidin (1) were different between the pure isofraxidin 

(1) and ASH extract treatment [18]. As the reason for that, the conversion from Eleutheroside B1 which 

is the precursor of isofraxidin (1) was considered by the authors. Additionally, the pharmacokinetic 

parameters of isofraxidin (1) are also different between the pure isofraxidin (1) and the ASH extract 

administration. For these reasons, further behavioral researches are needed to evaluate the anxiolytic 

effects of compound 1. Conversely, compound 2 administration attenuated the suppression of 

parasympathetic nervous system activity and prolonged the time spent in the open arm of the IEBW 

apparatus. Syringin (2) was reported to enhance the release of acetylcholine from nerve terminals. It is 

possible that the acetylcholine release-promoting activity of syringin (2) is related to increased 

parasympathetic nervous system activity in the IEBW test. Furthermore, oral syringin (2) administration 

also reduced nitric oxide (NO) concentrations and nitric oxide synthase (NOS) activity in the brains of 

mice [19], whereas research using RAW 264.7 mouse macrophages revealed no significant changes in 

NO production following treatment of syringin (2) [16]. Additionally, muscarinic receptor activation is 

known to induce NO production [20]. NO plays an important role in stress responses, and it is considered 

the therapeutic target [21]. Low doses of NOS inhibitors such as Nω-nitro-L-arginine methyl ester (L-

NAME) and 7-nitroindazole exerted anxiolytic effects in the EPM test [22]. L-NAME also increased 

cardiac parasympathetic tone without affecting cardiac sympathetic tone [23]. However, NO itself is 

known to suppress sympathetic outflow and facilitate parasympathetic outflow [24]. Because the effects 

of NOS inhibitors and NO on ANS activity differ among studies because of the methodological 

conditions, NO was indicated to affect ANS activity by interacting with other factors. Thus, the effects 

of syringin (2) on NOS/NO may involve its promotion of acetylcholine release. The anxiolytic and ANS-

modulatory effects of it uncovered in this study may be involved both the NOS/NO pathway and the 

promotion of acetylcholine release. Further research is needed to clarify the pharmacological 

mechanism. 

Additionally, it is reported that the pharmacokinetic parameters of each pure ASH component are 

different from that of ASH extract administration [25]. Thus, the further researches regarding the 

pharmacological effect of the combination of each ASH component are needed.  
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As a conclusion, taken together, it is considered that syringin (2) partially contributed to the 

anxiolytic effect of ASH, whereas the contribution of isofraxidin (1) might be in minimal level. The 

effects of syringin (2) may be related to its effects on the NOS/NO pathway and acetylcholine release. 
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