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Eleutherosides were extracted with aqueous methanol and analysed by reversed-phase high performance
liquid chromatography on a C-18 column. Recovery was better than 80% for eleutheroside B within the
concentration range 500 to 10,000mg, and similarly for eleutherosides E in the range 500 to 2,500mg. Lower
recovery values were obtained at higher concentrations for eleutheroside E due to its insolubility in
alcoholic solutions. The use of trifluoroacetic acid solution in methanol was found to resolve the solubility
problem. The concentration ranges over which a linearity of response for both eleutherosides could be
validated were improved significantly by this adjustment.# 1998 John Wiley & Sons, Ltd.

Phytochem. Anal.9, 291–295, 1998

Keywords:Eleutherosides; Eleuthero;Eleutherococcus senticosus; Siberian ginseng; high-performance liquid
chromatography.

INTRODUCTION

The need for a convenient and rapid method for screening
purported eleuthero products is demanding. This is
because of the desirability of identity assurance, and
the increasing tendency of manufacturers to claim higher
quality formulations standardized for eleutherosides
content. The toxicity aspect associated with the con-
sumption of purported eleuthero (“Siberian ginseng”) has
been emphasized by two medical publications in the past
5 years, attributing androgenization (Awang, 1991) and
digoxin serum elevation (Awang, 1996), although some
of the products have clearly been misidentified.

Eleutherococcus senticosus,Rupr. & Maxim. (Syn.
Acanthopanax senticosusHarms) is a shrub found in
Russia, Northern China, Korea and Japan, which belongs
to the same Araliaceae family as ginseng (Panaxspp.).
The designation (Fulder, 1980; Slacaninet al., 1991;
Awang, 1996) “Siberian ginseng” is a commonly applied
misnomer, and the more appropriate “eleuthero” is
preferred by some experts. The roots and rhizome of
the plant have long been used as a stimulant and to
enhance overall resistance to disease and stress (Awang,

1996); claimed therapeutic properties that are shared with
traditional ginseng. Considerable interest has been
generated in the medicinal properties of the alcoholic
extracts (Fulder, 1980; Farnsworthet al.,1985; Sprecher,
1989) Most of the research concerning the pharmacolo-
gical effects ofE. senticosuswas initiated in Russia,

Figure 1. Structures of eleutherosides B and E determined
quantitatively in the present study.
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where the term “adaptogen”was coined to representa
substancewhich increasesthe nonspecificresistanceof
an organismto adverseinfluences,while generatinga
normalizingactionon bodily systems(Farnsworthet al.,
1985).Suchpreparationshavealsobeenusedto alleviate
thesideeffectsof anti-cancerdrugs(Baranov,1982).

Eleutherosides,thepresumedactiveconstituentsof E.
senticosus,havewidely variedstructures,andasmanyas
14 suchcompoundshavebeenidentifiedandcharacter-
ized (Awang,1996),with eleutherosidesA–G presentat

concentrationsof 0.6–0.9%in theroots,and0.6–1.5%in
thestems(Farnsworthetal., 1985).EleutherosideE (Fig.
1; syringaresinoldi-O-b-D-glucoside,identical to lirio-
dendrin,alsoknownaseleutherosideD) is thoughtto be
the pharmacologicallymost active of thesesubstances
(BrekhmanandDardymov,1969),andconstitutes,along
with eleutherosideB (Fig. 1; syringin) approximately
80%of theglycosides(Lapchik et al., 1969).

Eleutherois oneof the top 10 selling herbsin the US
and recent industry reports have emphasized the
importanceof standardizationof active principles for
quality control and consistentpharmacologicaleffect.
Fluorimetric (Lapchik et al., 1969), high performance
liquid chromatographic(HPLC) (Slacaninet al., 1991),
thin layerchromatographic(TLC) (Bladtetal., 1990)and
gas chromatography/massspectrometric (GC/MS)
(Awang et al., 1991) methods for the analysis of
eleutherohavebeenreported.Thepresentwork describes
an improvement in the extraction and quantitative
recoveriesfollowing HPLC analysis, recognizing the
problems with the solubility of eleutherosideE in
alcoholic (methanol and ethanol) solventsat ambient
temperature.Wereportanimprovedextractionprocedure
reflectedin the linearity of the system.The analysisis
suitablefor a variety of commercialproducts.

Figure 2. HPLC chromatogram of pure standard eleutherosides B and E (for chromatographic protocol see Experimental section).

Table 1. Relative standard deviation (RSD) of peak re-
sponsesfor standard EleutherosidesB and E

Peak Area (AU)

Analysis number Eleutheroside B Eleutheroside E

1 Ð 24.58
2 226.19 24.82
3 225.93 24.41
4 226.92 24.67
5 230.64 25.00
6 238.55 25.75
MEAN 229.65 24.87
SD 5.33 0.48
%RSD 2.3 1.9
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EXPERIMENTAL

Reference standards. Eleutheroside B (syringin),
eleutheroside B1 (isofraxidin 7-O-glucoside) and
eleutherosideE (syringaresinoldi-O-b-D-glucoside;lir-
iodendrin)standardswereobtainedfrom ProfessorH. H.
S. Fong,Universityof Illinois at Chicago,USA.

Sample Materials. Authentic roots of Eleutherococcus
senticosusand commercial samplesof E. senticosus
botanical products were obtained from the American
Botanical Council, Austin, TX, USA. Commercial
sampleswere purchasedon the North American retail
marketandsubmittedto our laboratoryonly asnumbered
samplesfor thedeterminationof eleutherosidecontent.

Instrumentation. The chromatographicsystem con-
sistedof a Beckman(Fullerton,CA, USA) SystemGold,
equippedwith a solventdeliverysystem(module126),a
photodiodearraydetectionsystem(module168),andan
auto-sampler(module502)with a20mL sampleloop.An
IBM compatiblecomputerwasusedfor dataprocessing.
The instrumentwas certified by the manufacturersfor
analytical performancesacceptableto the FDA. HPLC
analyseswere performedwith a BeckmanUltrasphere
ODS column (250� 4.6mm i.d.; 5mm) fitted with a
BeckmanODSprecolumn(45� 4.6mm i.d.; 5mm). The

Figure 3. HPLC chromatogram of an extract of authentic eleuthero root showing the presence of eleutherosides B and E (for
chromatographic protocol see Experimental section).

Table 2. Recoveryanalysisof EleutherosideB from spiked
eleutherosamples

Analysis
number

Added
Eleutheroside

B (mg)

Total
Eleutheroside

Ba (mg)

Eleutheroside
B recovered

(mg) Recovery (%)

1 0.00 0.11 0.00 Ð
2 0.50 0.56 0.45 90
3 1.00 0.93 0.82 82
4 2.57 2.53 2.42 94
5 5.00 4.74 4.63 93
6 10.00 8.65 8.54 85
a Eleutheroside B in sample was 0.11 mg.

Table 3. Recoveryanalysisof EleutherosideE from spiked
eleutherosamples.

Analysis
number

Added
Eleutheroside E

(mg)

Total
Eleutheroside

Ea (mg)
Eleutheroside E
recovered (mg)

Recovery
(%)

1 0.00 0.27 0.00 Ð
2 0.50 0.75 0.48 96
3 1.18 1.26 0.99 84
4 2.50 2.32 2.05 82
5 5.00 3.91 3.64 73
6 10.00 5.83 5.56 56
a Eleutheroside E in sample was 0.27 mg.
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mobile phasewas made up from solvent A (aqueous
0.05% trifluoroacetic acid in HPLC grade water) and
solvent B (acetonitrile).The eleutherosideswere sepa-
ratedwith a solventgradientlinearly programmedfrom
10% B to 50% B within 30min, at a flow-rateof 1 mL/
min. Detectionwas at 220nm and 0.025AUFS with a
diode array scan from 190 to 400nm. Linearity was
determinedby injecting standardsolutionsof eleuthero-
sidesB in theconcentrationrange1–1000mg/mL, andof
eleutherosideE in the range 4–400mg/mL. Recovery
analyseswere carried out in the range500–10,000mg,
with two determinationsperformedateachconcentration
level.

Extraction. Powderedroot samplesof E. senticosus
(500mg) were extractedat 60°C with 20% aqueous
methanol(2� 30mL), for 30min each.The combined
extract,evaporatedto dryness,wasdissolvedin 20mL of
a mixture of aqueous0.05%trifluoroaceticacidsolution
andmethanol(1:4) andfiltered througha 0.2mm nylon
filter. Liquid sampleswere evaporatedto drynessand
treated similarly to the powderedsamples.A 20mL
sampleof this solution was injectedinto the chromato-
graphicsystemand analysed.Co-chromatographicana-
lysisof eleutherosidestandards,andtheinclusionof their
respectiveresponsefactors(mg/mL/AU) in the chroma-
tographic method, allowed the quantification of the
eleutherosidesas detected during the course of the
analysis.

Recovery. Incrementalweights of eleutherosidestan-
dardsin therange500–10,000mg, wereaddedto 500mg
of E. senticosusroot samplesand extractedas for the
above sample. Replicate analyses provided total
eleutherosidevalues, which were used to determine
recoveryrates.

RESULTS AND DISCUSSION

Extractionandanalysisof eleutherosidesB andE canbe
highly effective in the assessmentof a variety of
eleutherosamplesfor screeningpurposes,or for the

quantificationof commercialformulations.Eleutheroside
B1, analysedwithout further work-up after extractionof
eleutherosamples,could not be quantitated,as its peak
wasmaskedby that of chlorogenicacid (Slacaninet al.,
1991). Attention was focused on the analysis of
eleutherosidesB andE, which arereportedto constitute
about80%of theglycosidesin E. senticosus(Lapchiket
al., 1969). For standardpreparationsover the range
1–750mg/mL, eleutherosideB wassolublein methanol:
water(80:20);however,eleutherosideE waspractically
insolublein this medium.After a variety of tests,it was
found that the use of a mixture of aqueous0.05%
trifluoroaceticacid solution and methanol(1:4) was an
effectivemeansfor the solubilizationof both eleuthero-
sides.The chromatogramof standardeleutherosidesis
shown in Fig. 2 along with that of a typical eleuthero
sample in Fig. 3. The linearity of the method was
determinedby plottingpeakareaagainstconcentrationin
therange1–750mg/mL for eleutherosideB. Thecorrela-
tion coefficient(r2) wasfoundto be0.992.Thisvaluewas
slightly lower (0.985)whenthe concentrationof B was
elevated to 1000mg/mL. The r2 for eleutherosideE
within the range 4–400mg/mL was 0.992. Method
precisiongave2.3% relative standarddeviation (RSD)
for eleutherosideB and 1.9% RSD for eleutherosideE
(Table1).

Recoveryanalyseswere performedby extracting a
uniform amountof eleutherosamplealong with added
eleutherosides.Recoveryof eleutherosideB was gen-
erally good and averaged89% (Table 2). At lower
concentrations,eleutherosideE was almost completely
extracted at 60°C during the extraction processes
(additions of 0.5–2.5mg of standardto a 0.5g root
sample,Table3), but theprogressivedrop in percentage
recoveryaseleutherosideE increasedwasprobablydue
to approachingtheupperlimits of thelinearrange,andto
the solubility constraintsof eleutherosideE. Following
additionsof 10mg to a 0.5g root sample,the recovery
waslow (56%).

In examining a selection of commercial samples
purchasedin the US and Canada(Table 4), it was
observedthat the eleutherosideE contentof all of the
samples,except for sample 9, fell in the range of
concentrationfor which good recoveries,basedon the

Table 4. Analysis of the eleutherosidecontent of typical commercial eleutherosamples
Eleutheroside content (mg) Eleutheroside concentration (% w/w or mg/mL)

Sample number/formulation Sample Amount [g or (mL)] B E B E

1. Capsule 0.440 0.153 0.277 0.03 0.06
2. Capsule 0.600 0.070 0.240 0.01 0.04
3. Capsule 0.995 0.121 1.563 0.01 0.16
4. Powder 0.270 0.142 0.153 0.05 0.06
5. Powder 0.200 0.096 0.426 0.05 0.21
6. Powder 0.800 0.978 0.795 0.12 0.10
7. Powder 0.500 0.061 0.432 0.01 0.09
8. Powder 0.412 1.184 1.021 0.29 0.25
9. Powder 1.050 10.504 6.932 1.00 0.66

10. Powder 0.567 0.209 0.544 0.04 0.10
11. Powder 0.440 1.432 2.179 0.33 0.50
12. Liquid (2) 0.182 0.296 (0.09) (0.15)
13. Liquid (2) 0.252 1.202 (0.13) (0.60)
14. Liquid (2) 0.104 0.348 (0.05) (0.17)
15. Liquid (2) 0.064 0.020 (0.03) (0.01)
16. Liquid (2) 0.258 3.248 (0.13) (1.62)
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datain Table3, wereestablished.Sample9 appearsto be
abovethe historically reportedvaluesof eleutheroside
contentin untreatedroots (Bladt et al., 1990),andmay
representa fortified preparation.In order to improve
recoveryin thefew sampleswith veryhigheleutheroside
E content,more solventshouldbe used,or the sample
diluted.
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