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Eleutherococcus senticosus (Rupr. et Maxim.) Harms (Acanthopanax senticosus, Araliaceae, ES, 
thereafter), also called Siberian ginseng, Ciwujia in Chinese, and Gasiogalpi in Korea, is distributed in 
the southeastern Russia, northeast China, Korea, and Japan. The woody medicinal plant has been 
known since ancient times for its curative properties, and particularly the cortical roots and stem 
tissues of ES have been utilized for the treatment of various ailments such as cancer, diabetes, 
cardiovascular diseases, hepatitis, spleen and liver complaints. Due to its giant therapeutic efficacy, 
more and more investigations have been carried out on the isolation and analysis of active compounds 
of ES, and their in vitro and in vivo pharmacological activities and even clinical effects in humans. This 
review, therefore, provides a comprehensive review of the pharmacologically relevant compounds of ES 
characterized so far and of the studies supporting its use as a medicinal plant. Particular attention has 
been given to anti-inflammatory, anti-oxidative, anti-carcinogenic, anti-fatigue, anti-diabetes, hypolipide, 
immunoprotection and immunoregulation, and antimicrobial and antiviral activities. This work 
presented here would help more detailed pharmacological cognition and further understanding of 
natural components of this medicinal plant species. 
 
Key words: Eleutherococcus senticosus, Acanthopanax senticosus, pharmacology, biological activity, 
medicinal plant, adaptogen. 

 
 
INTRODUCTION 
 
As  the  standard of living is increasingly advancing, the  
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Abbreviation: ES, Eleutherococcus senticosus; LC, liquid-
chromatography; ES-ITMS, electrosparay-ion trpa mass 
spectrometry; HPLC-ESI/TOF/MS, high-performance liquid 
chromatography-electrospray time-of-flight mass spectrometry; 
GC, gas chromatography; DPPH, 1,1-diphenyl-2-picrylhydrazyl; 
IC50, inhibitor concentration yielding 50% inhibition; GI50, 50% 
growth inhibition; CK, creatine kinase; LDH, lactate 
dehydrogenase; LAD, left anterior descending artery; LPS, 
lipopolysaccharides; iNOS, inducible nitric-oxide synthase; 
COX-2, cyclooxygenase-2; DSHEA, dietary supplement health 
and education act. 

demands of people on functional foods or nature products 
to pursue healthy aging are as well as expanding. 
Particularly, natural, crude products as green medicines 
are considered healthier and more harmless or safer than 
synthetic ones (Parvath and Brindha, 2003). To date, 
more and more traditional herbal medicines have been 
used for the management and treatment of various 
chronic human pathological conditions (Guo et al., 2008). 
Due to their inability to cause side effects and combat 
antibiotic resistant microorganisms, the medicinal plants 
are being paid more and more attentions (Rawat and 
Uniyal, 2003). Eleutherococcus senticosus (Rupr. et 
Maxim.) Harms (=Acanthopanax senticosus, Araliaceae, 
ES, thereafter), a woody medicinal plant popularly known 
as Siberian ginseng, and also named Ciwujia in Chinese 
and Gasiogalpi in Korea, is distributed in southeast 
Russia,  northeast China, Korea, and Japan (Lee, 1979;  



 

 
 
 
 
Hahn et al., 1985; Shao et al., 1988). In the theory of 
Traditional Chinese Medicine, it has been known as an 
adaptogen and recorded to strengthen spleen and 
nourish kidney (Huang et al., 2011a). Many active 
compounds have been isolated and identified from 
different parts of ES. The major active compounds 
include acanthoside, eleutheroside, chiisanoside, 
senticoside, triterpenic saponin, syringin, flavones, 
vitamin, minerals, β-sitosterol, sesamine and savinine 
(Davydov and Krikorian, 2000; Lee et al., 2004; Li et al., 
2006). The first evidence for its pharmacological effects of 
ES was mentioned in the late 1950s and 1960s 
(Brekhman, 1968, 1976). Through nearly fifty years’ 
investigations, ES has been shown to possess abilities to 
treat stress-induced physiological changes, inflammation, 
cancer, hypoglycemia, and choleretic action on cultured 
cell lines, small laboratory animals, and human subjects 
(Fujikawa et al., 1996; Yi et al., 2002; Jung et al., 2003; 
Hibasami et al., 2000). Until recently, many investigations 
have been undertaken to shown the chemical 
constituents, pharmacology and clinical effects of ES, but 
there is a lack of a review paper. Therefore, in the 
following an overview of the literatures covering the 
occurrence of biologically and pharmacologically relevant 
compounds in ES, as well as of the studies supporting its 
use as medicinal plant will be given. This work presented 
here would help encourage the potentials on the 
pharmacological effects and further understand the 
abilities of therapeutic effects of ES. 
 
 

ACTIVE COMPOUNDS OF ES 
 

With the advancement of different analytical techniques, 
more and more active compounds of ES are being 
isolated and identified (Deyama et al., 2001; Tolonen et 
al., 2002; Yang et al., 2004; Apers et al., 2005). Until now, 
lignans (sesamine, eleutheroside D), glycans 
(eleutherans A, B, C, D, E, F, and G, eleutheroside C), 
triterpene saponins (eleutheroside I, K, L, and M), steroid 
glycosides (eleutheroside A), hydroxycoumarins 
(isofraxidin), phenylacrylic acid derivatives (eleutheroside 
B), and flavones have been found in ES. In the late 
1950s and 1960s, the chemical investigations on 
pharmacological effects were firstly performed and 
reported in active compounds of ES (Brekhman, 1968, 
1976). Later, many investigations on the isolation and 
identification of components were in succession reported 
in ES. For instance, eleutherans A, B, C, D, E, F, and G 
were isolated from ES roots (Hikino et al., 1986). 
Sinapaldehyde glucoside, coniferaldehyde glucoside, 
coniferin and 1,5-di-O-caffeoylquinic acid were firstly 
isolated and identified from ES by centrifugal partition 
chromatography (Slacanin et al., 1991). Li et al. (2001) 
reported the isolation of a new lignin glycoside, 
eleutheroside E2, interpretated as episyringaresinol 4-O-
β-D-glucopyranoside with different structure of 
eleutheroside   E1.  Simultaneously, isomaltol 3-O-α-D- 
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glucopyranoside was isolated and reported for the first 
time as a naturally occurring compound, eleutheroside B, 
E and E1, and thymidine were as well as isolated and 
reported in this investigation (Li et al., 2001). Until 2002, 
liquid-chromatography (LC) coupled with electrosparay-
ion trpa mass spectometry (ES-ITMS) was applied to the 
quantification of eleutherosides B and E of ES, and this 
finding achieved more rapid and simpler gradient 
separation of both underivatized eleutherosides without 
pre-purification at very low concentration (Choi and Kim, 
2002). Somewhat later, a novel NMR technique 
combined with high-performance liquid chromatography-
electrospray time-of-flight mass spectrometry (HPLC-
ESI/TOF/MS) was applied to the identification of the 
phenolic constituents of ES (Tolonen et al., 2002). In this 
investigation, 3’,5’-O-dicaffeoylquinic acid and 4’,5’-O-
dicaffeoylquinic acid were firstly isolated from this species 
(Tolonen et al., 2002). Moreover, another derivative, 1,4-
di-O-caffeoylquinic acid was firstly isolated and identified 
from ES (Kim et al., 2005). To understand the 
composition of the volatile constituents of ES, gas 
chromatography (GC) and gas chromatography-mass 
spectrometry (GC-MS) spectrometric techniques were 
applied on this species and identified several volatile 
compounds including α-bergamotnen, δ-elemene, β-
elemene, and γ-cadinene, α-pinene, bicycloheptane 
derivative and (+)-aromadendrene (Lim et al., 2007). 

 
 
BIOLOGICAL AND PHARMACOLOGICAL EFFECTS 
 
The extracts from different parts of Siberian ginseng have 
long been considered to be good for health (Han et al., 
2006). As an adaptogen, ES not only supplies some 
nutritional compositions, but helps enhance the body’s 
immune system and improve rehabilitation of any 
physiological, biochemical or immunological defects 
(Winston and Maines, 2007). Biological and 
pharmacological effects of ES include antioxidant, 
antidiabetes, anticancer, anti-inflammatory, 
immunoregulatory and immunomodulating, antimicrobial 
and antiviral activities. 

 
 
Antioxidant effects 

 
High antioxidant activities evaluated by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging and antilipid 
peroxidation were determined in rat liver microsomes with 
the treatment of ES root extracts (Yu et al., 2003). 
Particularly, the ethyl acetate and n-butanol fractionations 
revealed stronger antioxidant against scavenging on 
DPPH free radical and also ethyl acetate fraction 
exhibited high antilipid peroxidative activities (Yu et al., 
2003). The fruit extracts from ES also showed strong 
DPPH radical scavenging activity, with the strongest one 
of  57.3  µg/ml  at inhibitor concentration yielding 50%  
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inhibition (IC50) in water extract (Kim et al., 2006). Ethanol, 
methanol, butanol, and water extracts of ES all were 
reported to have high antioxidant activities (Kim et al., 
2002). Moreover, the active components isolated from ES 
plantlets such as chlorogenic acid and 1,4-di-O-
caffeoylquinic acid were also found to have high DPPH 
free radical scavenging activities (Kim et al., 2005). 

As known, antioxidant activities are generally 
associated with other protective effects, antimicrobial 
activities against gram negative bacteria and gram 
positive bacteria were found in ES fruit extracts (Kim et 
al., 2006). Strong inhibitive effect on cancer cell growth 
was evaluated in various-solvent extracts of ES (Kim et 
al., 2002). Similar results were investigated in seven 
human cancer cell lines that the values of 50% growth 
inhibition (GI50) evaluated by the cytotoxic 
sulforhodamine B assay showed below 30 µg/ml for 
crude extracts to be considered as significantly active (Yu 
et al. 2003). The ethanol extracts from ES root barks 
could not only reduce growth of liver cancer cell (Hep3B) 
by 94% and lung cancer cell (A549) by 90%, but enhance 
glutathione S transferase activity by 241%. More 
importantly, the growth of T-cell and viability were not 
inhibited, contrarily activated by 275% (Hibasami et al., 
2000). 
 
 
Antimicrobial and antiviral effects 
 
The antiviral activities of ES have been early known and 
used for prophylaxis of infectious diseases (Eilmes, 1978; 
Protasova and Zykov, 1984). Particularly, in this decade, 
ES root extracts were found to possess the ability to 
inhibit the replication of human rhinovirus, respiratory 
syncytial virus and influenza A virus (Glatthaar-Saalmüller 
et al., 2001). Their reducing effects on the cell population 
of Lactobacillus acidophilus, Lactobacillus bularicus, and 
Lactobacillus paracasei, particularly for L. acidophilus 
showed a positive activity in cell damage during freeze 
dry (Choi et al., 2004). 
 
 
Antidiabetic effect 
 
Triterpene saponins are one kind of the important active 
compounds in ES, of which the noroleanane-type and 
oleanane-type triterpene saponins have been denoted as 
ciwujianosides (Shao et al., 1988). Inhibitory effect on 
asthmatics and histamine release functioned by 
ciwujianosides D1 have been reported in the investigation 
of Orr and Cox (1969). In this work, they compared the 
effects of ciwujianosides D1 with those of disodium 
cromoglycate, an effective inhibitor of experimental 
allergen-induced bronchoconstriction, and suggested the 
more significantly inhibition. Somewhat later, 
ciwujianosides D1 and C1 extracted from ES were 
investigated to able to strongly inhibit histamine release in  

 
 
 
 
a concentration-dependent manner in rat peritoneal mast 
cells (Umeyama et al., 1992). Expect of the effect of 
histamine release, saponin was reported to be able to 
decrease various cases of experimental hyperglycemias 
induced by injection of adrenaline, glucose and alloxan, 
without affecting the levels of blood sugar in normal mice 
(Sui et al., 1994a). Saponin was also investigated to 
significantly reduce the sizes of acute myocardical 
infarcts and decline the serum creatine kinase (CK) and 
lactate dehydrogenase (LDH) activity after ligation of the 
left anterior descending artery (LAD) (Sui et al., 1994b). 

As the healthy food accession, the effects on reducing 
serum lipid have been found in rats, with syringin as the 
active principle in ES extracts (Niu et al., 2008a, b). 
Syringin injection resulted in plasma glucose utilization 
accompanying with the increase of plasma insulin and C-
peptide in anesthetized Wistar rats (Niu et al., 2008a). 
This result suffering from insulin deficiency makes 
syringin be useful in the treatment of human diabetes 
(Niu et al., 2008b). Further investigation talked the effect 
of syringin on plasma glucose and the possible 
mechanisms (Liu et al., 2008), suggesting that syringin 
has an ability to raise the release of acetylcholine from 
nerve terminals, stimulate mascarinic M3 receptors in 
pancreatic cells and augment the insulin release. 

In addition, the hypoglycemic activities of ES extracts 
were continuously studied by scientists (Choi et al., 2008). 
Someone reported the effect was mainly functioned by 
eleutherans A, B, C, D, E, F, and G (Hikino et al., 1986). 
Someone compared hypolipidemic activities of ES 
extracts with taurine, carnitine and several oriental 
medicinal herb extracts, and suggested ES extracts 
showed higher activities (Song et al., 2002; Choi et al., 
2008). The hypolipidemic effects of ES extracts were also 
evaluated on significantly reduced weight gain of 
experimental rats and serum cholesterol levels (Rhie and 
Won, 2004). 
 
 
Anti-fatigue effects 
 
Extracts from different parts of ES have been showed to 
possess the potent abilities to alleviate fatigue and 
protect from both stress-induced physical and mental 
changes (Takasugi et al., 1985; Nishiyama et al., 1985), 
e.g. improving endurance exercise in rats (Nishibe et al., 
1990; Song et al., 2002). There was investigation 
demonstrated that the ES extract of the stem bark or its 
components such as chlorogenic acid and syringaresinol 
di-o-β-D-glucoside markedly inhibited the occurrence of 
gastric ulcer in rats exposed to restraint stress in water 
(Fujikawa et al., 1996). However, the anti-fatigue and 
anti-stress effects were mainly owed to the contribution of 
eleutheroside E, one of main active compounds in ES 
extracts (Kimura and Sumiyoshi, 2004; Huang et al., 
2011b). Kimura and Sumiyoshi (2004) evaluated the anti-
fatigue  action  of  eleutheroside  E  isolated from ES  



 

 
 
 
 
extracts and its coordinated responses in swimming-
stressed rats, showing that the reduction of natural killer 
activity could be recovered and corticosterone levels 
were enhanced. Huang et al. (2011a) found eleutheroside 
E played roles in reducing the level of plasma triglyceride, 
increasing fat utilization, delaying the accumulation of 
blood urea nitrogen, and increasing the lactate 
dehydrogenase to reduce the accumulation of lactic acid 
in muscle and then protect the muscle tissue. For the 
action mechanisms of anti-stress effect, Gaffney et al. 
(2001a, b) carried out their particular opinions that ES 
increased the occupancy of stress hormone receptors 
which function to redistribute the body’s energy reserves 
from regeneration to activity, by inhibiting catechol-O-
methyl transferase activity that reside in close proximity 
to stress hormone receptors. 

To date, the anti-fatigue and anti-stress effects of ES 
extracts have been largely investigated in many series of 
experimental samples and even humans, e.g. improving 
stress resistance in competition horses (Colas et al., 
2008), increasing stress resistance and a longer lifespan 
of Caenorhabditis elegans (Wiegant et al., 2009), 
improving endurance in competitive club-level endurance 
athletes engaged in their normal in-season training 
(Gaffney et al., 2001a), and improving some aspects of 
mental health and social functioning in elderly 
hypertensive and digitalized volunteers (Cicero et al., 
2004). 
 
 
Immunoprotective and immunomodulating effects 
 
As known, some physical and mental stresses suppress 
the ability of the immune system, although there is 
difference between acute (short-lived) stress and chronic 
(ongoing) stress. Short-lived stress can usually be dealt 
with the neuroendocrine system, but do not affect the 
immune system (Winston and Maines, 2007). 
Adaptogens have been attracted to have effects on 
immunity and the immune system. They help to counter 
chronic immune cell depletion, and they improve the 
body’s defenses by increasing the production of 
specialized cells. They also help produce an increased 
secretion of cortisol in response to injury or infection, and 
they have a direct effect on the nervous system, allowing 
for an improved mind-body connection. This effect is 
commonly called immunomodulating or 
immunostimulating effect. ES, as an adaptogen, has long 
been recommended for use a complex treatment of 
nervous and cardiovascular disease, and also as 
generally restorative and tonic agent due to the immune-
modulatory potency, rather than immune-suppressive or -
stimulating function (Zamotaev, 1990; Schmolz et al., 
2001). Steinmann et al. (2001) have investigated 
immunopharmacological effects on major 
histocompatibility complex class I and II molecules, 
human  lymphocyte  marker flow cytometry, and in vitro  
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testing of human lymphocyte functions, with  enhanced 
Interleukin-1 and interleukin-6 levels. ES extract was 
found to increase the immunoglobulin levels in mice 
blood serum, stimulate humoral immunological system 
(Drozd et al., 2002), and also attenuate 
lipopolysaccharides (LPS)-induced inducible nitric-oxide 
synthase (iNOS) expression but not cyclooxygenase-2 
(COX-2) expression (Jung et al., 2007). 

The Dietary supplement health and education act of 
1994 (DSHEA) permits the direct marketing of ES as 
dietary supplements to consumers in the United States 
without food and drug administration regulation. The 
safety and efficacy of ES supplement have been 
assessed on the activities of cytochrome P450 CYP2D6 
(dextromethorphan as a probe) and CYP3A4 (alprazolam 
as a probe), two predominant isoforms (Brosen, 1996), 
suggested that ES extract with normally recommended 
dose supplement, do not affect the metabolism of 
CYP2D6 or CYP3A4 pathways at least (Donovan et al., 
2003). Based on the permit of ES as a dietary 
supplement, many products with ES extract accession 
were coming forth in the market, and the relevant 
immunomodulating effects were also received much 
attentions. The Taiga Wurzel preparation containing ES 
extract affected cellular defence and improved physical 
fitness in man (Szolomicki et al., 2000). A fixed 
combination (KanJang

®
) with ES accession showed 

effects on proliferation of human lymphocytes, production 
of cytokines and immune activation markers in the whole 
blood cell culture (Panossian et al., 2002), and clinical 
treatment of acute respiratory infection (Narimanian et al., 
2005). Another fixed combination (ImmunoGuard

®
) with 

ES accession showed strong clinical efficacy in the 
treatment of familial Mediterranean fever (Amaryan et al., 
2003). The other combination with ES accession was 
reported to boost the suppressed immunity in ovarian 
cancer patients who are subject to chemotherapy 
(Kormosh et al., 2006). 

In addition, the crude polysaccharides fraction from ES, 
named EN-3, was showed to possess activities to 
potentially enhance humoral and cellular immune 
responses against bovine serum albumin or ovalbumin 
(Hwang et al., 2003). In another study, the administration 
of EN-3 (0.5, 5, and 50 µg/mouse) showed inhibiting 
effects on the murine tumor metastasis and growth model 
compared with control in 33.6, 66.8, and 81.8%, 
respectively and 66.1% therapeutic effect on lung tumor 
metastasis at 50 µg/mouse of EN-3 administration (Ha et 
al., 2003). Oral administration of EN-3 also induced 
antigen-specific immune response in mice when inhibiting 
tumor metastasis (Sung et al., 2006). These results 
indicated that EN-3 could stimulate immune system non-
specifically and apply to the biological response modifiers 
in chemo-immunotherapy for tumor prevention. Similar 
anti-carcinogenic effects of the root extracts of ES have 
also been reported on the models of carcinogenesis of 
the  nervous system and kidneys in rats (Bespalov et al.,  
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1993). 
 
 
Other pharmacological effects 
 

Except of the foregoing multitudinous uses of ES extracts, 
other pharmacological activities have been investigated. 
Particularly for Parkinson’s disease caused by 
neurodegenerative disorders, ES extract showed a 
regulative effect of noradrenaline and dopamine levels in 
specific brain regions (Fujikawa et al., 2002), prevention 
of the parkinsonian bradykinesia and depressive behavior 
to suppress depletion in rotenone-induced parkinsonian 
rats (Fujikawa et al., 2005). Neurons with atrophic neuritis 
could remain alive and thus have the potential to 
regenerate even when neuronal death has occurred in 
some parts of the brain. ES was found to possess 
abilities to protect brain neurons from various injuries 
(Bocharov et al., 2008), and neuritic atrophy and cell 
death under amyloid β treatment (Tohda et al., 2008). 

For the treatment of osteoporosis, ES extracts that 
were considered to be involved in bone tissue 
metabolism (Kim et al., 2007a), showed a positive 
function. And the ES extract combined with a novel 
formulation of low-dose calcium and vitamin D3 was then 
used for therapeutic purpose for reducing rapidly 
decreasing bone mineral density in postmenopausal 
women (Oh et al., 2007). It was suggested that ES 
extracts could enhance the longitudinal bone growth with 
over-expression of IGF-1 gene, a major bone growth 
factor (Yang et al., 2003), and prevent the development of 
bone loss in ovariectomy-induced rats (Kim et al., 2007b). 

The antimutagenic effects of methanol extract from ES 
were reported on the mutagenicty induced by direct 
mutagens 2-AF, and Trp-P-1 (Park et al., 2002) and 1-NP 
(Park et al., 2003). The extracts from root, stem, and leaf 
of ES showed inhibitory effects of 72.8, 70.0, and 78.7% 
on 2-AF-induced mutagenicity, and 69.2, 64.9, and 59.4% 
by Trp-P-1, respectively (Park et al., 2002). Water-soluble 
polysaccharides from ES stem extracts were investigated 
to attenuate fulminant hepatic failure induced by D-
galactosamine/LPS in mice (Park et al., 2004), with 
deduced alanine aminotransferase, aspartate 
aminotransferase and tumour necrosis factor-α levels in 
serum, and decreased apoptotic cells in liver. ES 
combined with CdCl2, an important industrial pollutant 
and toxic, leads to a significant decrease of cadmium 
concentration in the blood and liver of experimental mice 
(Smalinskiene et al., 2009). ES extracts were also used 
to reduce cardiovascular responses in healthy young 
volunteers (Facchinetti et al., 2002), and enhance 
vascular relaxation with endothelium-dependence 
depending on the vessel size (Kwan et al., 2004). 
 
 

CONCLUSIONS 
 

According to the report of the World Health Organization, 

 
 
 
 
80% of the world population continues to rely mainly on 
traditional medicines for their health care. ES, as an 
adaptogenic medicine and crude drug, will indisputably 
receive increasing attentions. Many active ingredients 
isolated from different parts, have been suggested to 
possess many therapeutic effects for the treatment of 
various diseases in ES. Multiple reports in the literature 
have demonstrated a wide range of possible therapeutic 
and clinical uses of this plant species, because of its anti-
inflammatory, anti-tumor, anti-diabetic, anti-microbial and 
anti-viral effects. However, the diverse pharmacological 
activities of ES have mostly been assayed in in vitro or in 
vivo tests using laboratory animals, and the results may 
not necessarily be portable to the situation in humans. It 
is expected that further investigations are required to lead 
to a better understanding of existing roles and other roles 
that ES plays in preventing and treating of human 
diseases. This work could provide more information on 
the beneficial effect of ES. In view of the multitude of 
promising findings and fact described previously, they 
justifiably believe that further research on ES would not 
only be a scientific challenge, but also an interesting 
economic perspective. 
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