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ABSTRACT

Underground organs of Eleuthero (Eleutherococcus senticosus /Maxim. et Rupr./ Maxim.) are classified
as a drug with adaptogenic activity. Extracts from these organs stimulate the immune system, improve stamina,
physical capacity and mental activities. This raw material known as a Eleutherococci radix consists of two
distinct parts i.e. rhizomes and roots. Taking into consideration the question of standardization of herbal
medicinal products, a chemical evaluation of rhizomes and roots has been undertaken. The content of
eleutherosides B and E, the most important from the pharmacological point of view, active compounds of
Eleuthero was markedly higher in rhizomes but phenolic acids and sterols were higher in the roots. A high
yield and a good quality of both rhizomes and roots of Eleuthero may be obtained from 3 or 4-years- old
plants.
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Introduction

Eleuthero is a shrub growing wild in the Far
East [5,11]. Its underground organs (rhizomes and
roots), called roots are a medicinal raw material with
high adaptogenic activity [4,6,15,21]. The biologically
active compounds of Eleuthero belong to different
chemical groups such as phenyl propanoids and its
derivatives, lignans, sterols and coumarins [6,19]. The
most important of them are eleutheroside B and
eleutheroside E [10]. According to European
Pharmacopoeia[3] the sum of these compounds in
underground organs should not be lower than 80g per
100g of dry matter. Extracts from Eleuthero stimulate
the immune system, improve stamina, physical
capacity and mental activities[2,16]. They have been
described also as radioprotectant, antioxidant and
anticancer. Preparations from Eleuthero are used in
different kind of stress, for people with a lack of

resistance, for convalescents, in depression and with
concentration disorders[12,13,14,18]. Such
preparations are recommended in cancer prophylactics
and after chemotherapy to combat the negative
effects of this treatment and for women with hard
menopausal disorders as well[7,9,20].

Nowadays in the phytochemical industry for
Eleuthero extract production the whole underground
organ is used. However, this organ consists of two
morphologically and anatomically different parts i.e.
rhizomes and roots[6]. The aim of our study was to
evaluate the differences in the accumulation of
biologically active compounds between rhizomes and
roots. Taking into consideration that Eleuthero is a
perennial, the investigation was carried out on plant
material of different ages.

Material and Methods
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The objects of the study were two, three- and
four-year-old plants cultivated at an experimental
field of the Warsaw University of Life Sciences –
SGGW. Underground organs of this plant were
collected in October of 2008 and 2009. Rhizomes
and roots were analysed separately. Raw materials
were dried at 40° C. One gram of grounded raw
material was extracted with 100 ml of methanol in
the Büchi B-811 Extraction System. After solvent
evaporation, the residue was dissolved in 10 ml of
methanol, filtered through a Supelco IsoDisc PTFE
25 mm × 0.45 μm filter, and subjected to HPLC for
determination of eleutherosides B, E, E1 and phenolic
acids (chlorogenic, rosmarinic, protocatechuic and
caffeic). The analysis was carried out using the
Shimadzu chromatograph with SPD-M10A VP DAD
detector. Phenomenex Luna C18 (2) 5 μm 250 × 4.6
mm column was used. Gradient elution of 10% ACN
(mobile phase A) and 55% ACN (mobile phase B)
(LabScan) in water adjusted to pH 3.0, flow rate 1
ml × min-1 and temperature 30º C was applied. Peaks
were identified by comparison of retention time and
spectral data with adequate parameters of standards
purchased from ChromaDex. Quantification was
based on the peak area at 206 nm (eleutheroside E
and E1), 254 nm (protocatechuic acid), 264 nm
(eleutheroside B) and 330 nm (chlorogenic,
rosmarinic and caffeic acids).

For sterol determination 1 g of dry raw material
was extracted with 100 ml of hexane in the Büchi B-
811 Extraction System. After evaporation of the
solvent, the residue was dissolved in 10 ml of
chloroform-methanol (4:1) mixture. The extract
obtained was filtered through a Supelco IsoDisc
PTFE 25 mm × 0.45 μm and subjected to HPLC.
The analysis was carried out using the Shimadzu
chromatograph with SPD-M10A VP DAD detector
and Phenomenex Luna C8 (2) 5 μm 250 mm×4,6
mm. The following conditions were applied: mobile
phase A – methanol (LabScan), mobile phase B –
ACN (LabScan), flow rate 1 ml × min-1, temperature
30ºC. Peak identification was confirmed by
comparison of retention time and spectral data with
adequate parameters of standards purchased from
ChromaDex. Quantification was based on the peak
area at 210 nm for all substances (sitosterol 3-O- β-
D-glucoside /eleutheroside A/, β-sitosterol,
campesterol, brassicasterol).

The results were analysed statistically with
Stargraphics Plus, version 4.1. The differences
between the means were compared with the Tukey
test. 

Results and Discussion

The mass of rhizomes and roots was growing

dynamically from the second to fourth year of plant
vegetation. Each year the mass of rhizomes was
markedly higher in comparison with the mass of
roots (Table 1). Different results were obtained by
Galambosi and Slacanin[8] in experiment with 5- and
6-years-old Eleuthero plants. They stated that the rate
of rhizomes to roots was 50:50%.

The content of the most important compounds
i.e. eleutherosides B and E, was statistically higher in
the rhizomes in comparison with the roots, regardless
of the age of plants. The content of these compounds
were growing from the second to fourth year of plant
vegetation, analogically to the mass increment.
According to British Pharmacopoeia[3] the sum of
this two eleutherosides in underground organs should
not be lower than 80mg· 100g. In our experiment the
sum of eleutherosides B and E exceeded this
requirements not only in the whole underground
organs but also in the rhizomes and the roots
separately (Table 2). Both in the rhizomes and roots
five phenolic acids were determined. Among them
chlorogenic and rosmarinic acids were dominant.
Chlorogenic acid was also found as dominant in
Eleuthero by Anetai et al[1]. In contrary to
eleutherosides B, E and E1 the content of all
determined phenolic acids was higher in the roots in
comparison to rhizomes. It seems to be interesting
that in the roots these compounds were accumulated
in higher amounts in younger plants whereas in
rhizomes there was no such relationship (Table 3).
Five sterol compounds were also found in the
investigated raw materials (Table 4). β-sitosterol and
sitosterol 3-O- β-D-glucoside (eleutheroside A) were
dominant. The content of sterols, especially sitosterol
3-O- β-D-glucoside, was higher in the roots. β-
sitosterol, sitosterol 3-O- β-D-glucoside and
stigmasterol were detected in Eleuthero before by
Seo et al[17].

Conclusions:

1. The mass of Eleuthero rhizomes was
significantly higher than the mass of the roots.

2. The rhizomes and roots differ in the content of
biologically active compounds:

- the content of eleutheroside B and E was higher
in the rhizomes,

- the content of phenolic acids and sterols was
higher in the roots. 

3. In temperate climate of Poland high yield of
good quality Eleuthero underground organs are
possible to obtain from 3- or 4-years-old plants.

4. The results obtained may be applied in
standardization and quality control of Eleuthero
raw materials. 
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Table 1: Dry mass of rhizomes and roots [g × plant-1]
age of plants raw materials The total mass of underground organs

-------------------------------------------------------
rhizomes roots

2 years old   84.76**   47.62 132.38 a
3 years old 149.35** 112.53 261.88 b
4 years old 253.01** 205.86 458.87 c
mean   162.37** 122.00 **p<0.01

Table 2: The content of eleutherosides B, E and E1 in rhizomes and roots [mg × 100 g-1 d. m.]
eleutherosides age of plants raw materials mean

---------------------------------------------------
rhizomes roots

eleutheroside B 2 years old 65.82 48.52 57.17 a
3 years old 80.25 56.27 68.26 b
4 years old 99.11 85.97 92.54 c
mean 81.73** 63.59

eleutheroside E 2 years old 58.64 35.67 47.16 a
3 years old 75.02 47.37 61.20 b
4 years old 81.29 55.61 68.45 b
mean 71.65** 46.22

eleutheroside E1 2 years old 21.14 15.33 18.24 a
3 years old 29.91 16.55 23.23 ab
4 years old 34.42 21.28 27.85 b
mean 28.49** 17.72

**p<0.01

Table 3: The content of phenolic acids in rhizomes and roots [mg × 100 g-1 d. m.]
phenolic acids age of plants raw materials mean

---------------------------------------------------------
rhizomes roots

chlorogenic acid 2 years old 581.52 1041.77 811.65 c
3 years old 588.64 907.07 747.86 b
4 years old 577.71 710.47 644.09 a
mean 582.62 886.44**

rosmarinic acid 2 years old 61.58 171.48 116.53
3 years old 74.00 157.14 105.57
4 years old 82.26 154.55 118.41
mean 72.61 161.06**

protocatechuic acid 2 years old 24.46 47.45 35.96 c
3 years old 21.16 33.51 27.34 b
4 years old 13.18 25.41 19.30 a
mean 19.60 35.46**

caffeic acid 2 years old 9.07 11.76 10.42 
3 years old 10.52 11.23 10.88 
4 years old 12.83 14.69 13.76 
mean 10.81 12.56

**p<0.01

Table 4: The content of sterols in rhizomes and roots [mg × 100 g-1 d. m.]
sterols age of plants raw materials mean

-----------------------------------------------------
rhizomes roots

sitosterol 3-O- β-D-glucoside
(eleutheroside A) 2 years old 5.50 15.59 10.55 a

3 years old 45.71 81.24 63.48 b
4 years old 69.60 176.42 123.01 c
mean 40.27 91.08**

β-sitosterol 2 years old 31.11 38.16 34.64 a
3 years old 60.60 63.91 62.23 b
4 years old 77.18 81.20 79.19 c
mean 56.30 61.09

campesterol 2 years old 10.48 28.89 19.69 b
3 years old  7.80 12.20 10.00 a
4 years old  6.18 8.33 7.26 a
mean  8.25 16.47**

brassicasterol 2 years old 3.32 4.19 3.76 
3 years old 3.93 4.16 4.05 
4 years old 3.87 7.72 5.80 
mean 3.70 8.04**

**p<0.01
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