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ABSTRACT

HPLC
analysis was performed and eleutherosdie E content was compared in 23 kinds of FEleutherococcus species

Objective : For the standardization and quality control of eleutheroside E in FEleutherococcus species,

collected from Korea and China,

Methods : The content of eleutheroside E in stem bark of Eleutherococcus species collected from Korea and China
were analyzed by HPLC, 0.5% phosphoric acid and acetonitrile was used as mobile solvent, Validation of HPLC
analysis method was confirmed by analyzing specificity, linearity, precision and accuracy following ICH guideline,
Results : Content of eleutheroside E was determined to be 1,0—1.6% and 0.5—0.8% in Korean and Chinese Z,
senticosus, respectively, Content of eleutheroside E in £ sessiliflorus was 0.7—1.1% and 0.2—0,4% respectively
in Korean and Chinese origin, All calibration curves showed good linear regression, The method showed good
precision and accuracy with intra—day and inter—day variations of 0.880—3.442% (RSD) and 0.606—3.328%
(RSD), respectively, and average recovery was of 0,141—1,363% (RSD), for the eleutheroside E analyzed.
Conclusion : These results might be used to establish a criterion of eleutheroside E in Fleutherococcus species.
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atrophy'”. 1-methyl-4—phenyl—1,2,3,6—tetrahydropyridine

induced cell deathn), and transient focal cerebral
)

INTRODUCTION

FEleutherococcus species were considered as useful
medicinal herbal resource in Korea, China, Japan, and
Russia from the time immemorial”, In Traditional
Korean Medicine (TKM), these have been used as a
2,3,4) . 5)

anti—tumor”,
) Root and

stem bark of FEleutherococcus senticosus, known as

drug with adaptogenic activity

anti—stressG), fatigue7) and hypoglycrmicg,
Siberian Ginseng, has been often used to treat stroke
strengthen musule and bone,

wind dampnessg),

as well as tonify gi,

tranquilize and dispel Recent
researches have shown that £ senticosus exerted

neuroprotective effect on amyloid beta induced neuritic
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ischemia ',

Among various diterpenoids and triterpenoids

reported from this plant, the lignan compounds,

eleutheroside B (syringin) and eleutheroside E (-)
syringaresinol—di—O—13—D glucoside, are known to be

. . . . 13 . .
main active principles >, Beside these, £ senticosus

contains chiisanoside, daucosterin, [ —sitosterol and

which are responsible for its diverse
biological activitiesm,

sesamin,
Among 500 herbal medicines reported in Korean

Herbal Pharmacopoeia and Herbal Pharmacopoeia, only
50 herbal medicines are available forevaluationa
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quantitative analysis, On the other hand, 551 herbs
listed in Chinese Herbal Pharmacopoeia, 215 herbal
medicines can be possible tothrough a quantitative
analysis, The standardization and the quality control
of the active constituents of many herbs are still
lacking15),

In this study, the content of eleutheroside E in 23
kinds of FEleutherococcus species collected from Korea
and China weredone by HPLC analysis, It was carried
out HPLC method

standardization  according to  the

validation and quantity

International
Conference on Harmonization (ICH) guidelines,

Material and Methods

1. Plant materials

Dried kinds of
FEleutherococcus species were purchased from Kyung

stem barks of twenty three

Dong Herbal Market, Jegi—dong Seoul, Korea and
Cheolwon and Yang—gu, Gangwon—do, Korea, Samples

were identified by Professor Dr, Hocheol Kim,
Department of Herbal Pharmacology, College of
Oriental Medicine, Kyung Hee University, Seoul,
Korea,

2. Chemicals and Reagents

All reagents were of analytical grade,
Acetonitrilewas  purchased from J, T. Baker

(Phililpsburg, NJ, USA). Eleutheroside E was obtained
from Chromadex (purity > 92.3%). Water was filtered
through a 0,45 um membrane (Millipore, Bedford, MA,
USA),

3. Preparation of the crude extracts

At first, the dried stem barks of FEleutherococcus
species were cut into the pieces, and then those were
extracted with 70% ethanol for 3 hours at 82 0C in a
reflux apparatus, The extracts were filtered, then the
filtrate was evaporated in a rotary evaporator and the
powders were lyophilized in a freeze—dryer (OperonTM,
Seoul, Korea).

4, Validation for HPLC analysis

1) Preparation of standard and sample solution

Stock solution of 1,0 mg/mL was prepared in 85%
methanol for eleutheroside E, A serial dilution was
made on each stock solution with 85% methanol to
prepare standard solutions at concentrations of 0,5, 1,
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5, 10, 50, 100, and 500 x# g/mL from each of which
10 x# L. was used for plotting the standard curves for
eleutheroside E. The E.
sample was accurately weighed (50,0 mg), placed in 5

senticosus extract (ESE)

mlL of 50% methanol in aqueous solution in an
ultrasonic device for 30 sec for extraction, This ESE
solution was passed through a 0,45 wm syringe
membrane filter and 10 uL of the filtrate was injected
in triplicate the HPLC

system for quantitative

analysis,

2) Chromatographic conditions

Analysis was performed in a Waters instrument
equipped with a Waters 600 pump, a Waters 717
autosampler and a Waters 996 PDA detector using a
SunFire C18 column (5 # m; 4.6x250 mm ; Ireland).
The column was equilibrated with a 95 : 5 mixture of
distilled water containing 0.5% phosphoric acid
(solvent A) and acetonitrile (solvent B) at a flow rate
of 1,0 mL/min, The column was eluted as follows : 0-
60 min 5-50% solvent B, 60-61 min 50-70% solvent B,
61-80 min 70-70% solvent B, Column temperature was
kept constant at 25 °C. The absorbance was
measured at 205 nm for detection of eleutheroside E,
The 2-D HPLC chromatogram of FEleutherococcus

species is shown in Fig, 1,

Eleutheroside E

T T
1000 2000 3000 4000 5000 60.00

Fig. 1. 2-D HPLC Chromatogram for Standardization of
Eleutherococcus Species.

Detection was performed by using a photodiode
array detector, X-—axis is retention time ; Y—axis is
wavelength, and Z—axis is absorbance unit. Analytical
conditions were as follows : column, SunFire C18
(5um ; 4%x250 mm) ; mobile phase, solvent A (0.5%
HsPO4) and solvent B (CHsCN) ; Gradient program,
0-60 min 5-50% B:60-61 min 50-70% B;61-85
min 70% B. The column temperature was Kkept
constant at 25 °C. The flow rate was set at 1.0
mL/min and the injection volume was fixed at 10 uL,
The UV wavelength was monitored at 205 nm.,

3) Linearity and range
To assess the linearity of standard curve, seven
different concentrations of standard were prepared
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and injected to HPLC system, Six replicates of eight
calibration standards were analyzed for each range,
The regression equation was calculated in the form of
Y=AX+B, where Y and X are the area of the peak
and the sample amount, respectively.

4) Specificity

The analyte was confirmed by spiking the
eleutheroside E (0.1 mg/ml) with the ESE (10.0
mg/mL). UV spectra of ESE compared with the
eleutheroside E, The selected monitoring wavelengths
for eleutheroside E was maximum absorption
wavelengths, The eleutheroside E from ESE was
identified by comparing to the retention times and UV
spectra of the eleutheroside E.

5) Precision and accuracy

Intra—day and inter—day variations were determined
the precision were estimated by analyzing six
replicates containing the standard compound at three
different concentration (25, 50, 100 upg/mL) in a
single day and for six days, respectively, Variations
were expressed by the relative standard deviations
(R.S.D.).

Amonntsong- AMOUN Orisizan
o £y = 0.
Recovery (%) = YT = 100%,

RSD. (%)= &? x100%
The average recovery was calibrated by formula,
Where amountoumd is the determined total amount
of each analyte, amount(riginay is the original amount
of each analyte in ESE measured above, and
amountspiked) is the spiked amount of each analyte,

6) Limit of detection and limit of quantification
(LOD and LOQ)

The LOD was defined as the concentration of the
standard solution with a signal—to—noise (S/N) ratio )
3.3. The LOQ was defined as the concentration of
standard solution with a S/N ) 10, LOD and LOQ for

eleutheroside E were also shown in Table 1.
The LOD and LOQ® were calibrated by formula,

LOD = 3.3x(S.D. of the response / slope of the
calibration curve)
LOQ = 10x(S.D. of the response / slope of the

calibration curve)

7) Quantitative analysis

The concent of eleutheroside E in the final solution
was determined by using a calibration curve of
concentration versus peak area and expressed as
percentages,

C % = (Cqp x V) / M x 1000

Where Cgp is the concentration of eleutheroside E in
the final solution (ug/mL), V is the total volume of
the final solution (mL) and M is the ESE taken for
extraction (g),

8) Statistical Methods

Data were expressed as percentages, and recorded
as means =+ standard deviation(S.D) of triplicate
measurements, And n represents the number of
replicates, For thestatistical analysis Excel 2007"
(Microsoft) software was used.

Results
1. Method validation

1.1 Linearity

The calibration curves were linear in the tested
concentration ranges, The peak area ratio of the
eleutheroside E was linear in the range of 0,5-500
ug/mL, The correlation coefficients were all greater
than 0,99, indicating high correlation and good
linearity of the method. The slopes, y—intercepts, and
correlation coefficients (r?) obtained from regression
analysis are shown in Table 1,

Table 1. Calibration curves, LOD and LOQ for the elentheroside E standards. ®The notation for analyte (Eleutheroside E). LOD refers to the

limits of detection. “LOQ refers to the limits of quantification.

a . . Correlation Linear range LOD" LOQ°
Analyte Calibration curve coefficient (rz) (hg/mL) (mg/mL) ()

1 y = 38,668,439.209x — 59,326,819 0.999

2 y = 37,696,822.099 x + 187,360.296 0.999

3 y = 41,940,407,048x + 419,938.529 0.995
0.5-500 0.173 0.526

4 y = 36,901,753.862 x + 124,709,293 0.999

5 y = 33,120,802.473 x + 86,798,450 0.999

6 y = 38,892,847.629 x + 309,993.436 0.997
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1.2 Specificity
The eleutheroside E from ESE was identified by
comparing the retention times and UV spectra of the

Eleutheroside E

T T T T T
10.00 2000 300 2000 5000 80.00
(a) Minudes
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eleutheroside E. Typical chromatogram of
eleutheroside E and ESE recorded at 205 nm are

depicted in Fig, 2.

080 Eleutheroside E

T T T T T
10.00 2000 30,00 40.00 5000 8000

(b) Winutes:

Fig. 2. HPLC Chromatograms of (a) £ senticosus extract and (b) Eleutheroside E (at 205 nm).

1.3 Precision and Recovery

The relative standard deviation (RSD) values for
inter—day precision were 0,88-3.44% and those of
intra—day were 0.61—3.33%. The average recovery was

81.26—07.75% (RSD 0.14-1.36%). All of these values
are within the acceptance limits of ICH, The results
of intra—day and inter—day accuracy and precision
analyses of ESE are shown in Table 2 and Table 3.

Table 2. Intra—day and Inter—day variation of eleutheroside E in Esenticosus. (RS.D., r=6)

Precision
Analyte Intra—day Inter—day
Mean (ug/mL) RSD (%) Mean (ug/mL) RSD (%)
1 4,842 0.880 4,187 0.915
2 6.075 1.477 6.023 1.406
3 4,725 2.542 4,687 3.328
4 4.560 2.623 4.475 2.490
5 4,537 2.396 4.581 2.649
6 5.660 3.442 5.077 0.606
Table 3. Validation for the Recovery of eleutheroside E in £ senticosus . (Recovery (%), r=3)
Added Eleutheroside E
Recovery (%) Mean (%) SD (%) RSD(%)
107.73
100% 108,74 107.75 0.976 0.906
106.79
81.18
75% 81,22 81.26 0.115 0.141
81.40
82.17
50% 83.50 83.37 1,136 1.363
84.43

1.4 Limits of Detection and Limits of Quantification

The LOD and LOQ were 0.173 mg/mL and 0.526
mg/mL, respectively. These results indicate that the
method provided adequate sensitivity (Table 1).

2. Analysis of eleutheroside E in different
Eleutherococcus species and standardization

2.1.  Comparison of eleutheroside E in
Eleutherococcus species according
region

The developed HPLC method was
determine the content of eleutheroside E in 23 kinds

to cultivation

applied to

of FEleutheorococcus speices collected from Korea and
China, The content of eleutheroside E was found to
be 0.52—2.44% in E, senticosus, and 0.24—1.61% in E.
sessiliflorus of Korean origin, Also, in Chinese origin,
the content of eleutheroside E was found to be
0.13-0.98% in E. senticosus, and 0,12—1.61% in £E
sessiliflorus, Content of the eleutheroside E in Korean
species was found to be 2 times higher than that of
Chinese species, The quantitative analytical results of
eleutheroside E in 23 kinds of Eleutherococcus species
of Korean and Chinese origin are shown in Table 4 to
Table 7. A typical chromatogram of the crude extract
and eleutheroside E is shown in Fig, 1.
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Table 4. Contents of Eleutheroside E among 6 kinds of Korean £ senticosus (¢ Data are given as Mean+S.D,. PRefer to dry weight (g) of

E senticosus,).

Content of eleutheroside E

Sample No, Cultivation region — - —
Extract bias * (%, n=3) Raw material bias ~ (%, n=3)

EK1 Korea, Cheolwon 1.69+0.04 0.050
EK2 Korea, Cheolwon 0.92+0.02 0.128
EK3 Korea, Cheolwon 2.44+0.04 0.090
EK4 Korea, Cheolwon 0.52+0.17 0.051
EK5 Korea, Yang—Gu 1.01+£0.01 0.053
EK6 Korea, Cheolwon 1.37+£0.01 0.045
Average 1.32+£0.04 0.070
Renge 80% 1.06 0.056
120% 1.59 0.083

Standard 1.02-1.64 0.011-0.183

Table 5. Contents of eleutheroside E among 6 kinds of Chinise £ senticosus. (* Data are given as Mean+S.D. PRefer to dry weight (g) of

E senticosus)

Content of eleutheroside E

Sample No, Cultivation region
Extract bias * (%, n=3) Raw material bias ° (%, n=38)
EC1 China, Unknwon 0.68+0.05 0.050
EC2 China, Unknwon 0.98+0.03 0.061
EC3 China, Unknwon 0.29+£0.05 0.017
EC4 China, Unknwon 0.49+0.05 0.045
EC5 China, Unknwon 0.58+£0.02 0.035
EC6 China, Chuancai 0.13+0.01 0.011
Average 0.622+0.034 0.037
80% 0.42 0.029
Range
120% 0.63 0.053
Standard 0.39-0.67 0.006—0.096
2.2 Comparison of eleutheroside E content 2.3 Variation of the eleutheroside E content in E.

according to Eleutherococcus species

Eleutheroside E content was compared in 12 kinds of
E. senticosus and 11 kinds of E, sessiliflorus collected
from Korea and China, Content of eleutheroside E was
found to be 0,13-2.44% in E,
0.12-1.61% in E
analytical results of eleutheroside E in 23 kinds of

senticosus and

sessiliflorus, The quantitative

FEleutherococcus species are shown in Table 4 to Table 7,

senticosus according to harvesting time

The content of eleutheroside E was found to be
varied according to the harvesting time of £
senticosus, The eleutheroside E content in £
senticosus of 2—3 years old was 0,92%, that of 5—6
years old one was 2,44%, and that of 6—9 years old
one was 1,69%. The content of eleutheroside E of 5—6

years old was found to be highest, (Table 8).

Table 6. Contents of eleutheroside E among 4 kinds of Korean E sessililorus, (*Data are given as MeanS.D. °Refer to dry weight (g) of

E sessiliflorus)

Content of eleutheroside E

Sample No. Cultivation region — = —
Extract bias * (%, n=3) Raw material bias” (%, n=3)
EsK1 Korea, Yangsan 1.294+0.02 0.042
EsK2 Korea, Unknown 1.61£0.02 0.095
EsK4 Korea, Yeongju 0.30£0.02 0.020
EsK5 Korea, Unknown 0.23+£0.00 0.020
Average 0.86+0.02 0.042
80% 0.69 0.033
Range
120% 1.03 0.050
Standard 0.68—-1.05 0.003-0.096
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Table 7. Contents of eleutheroside E among 6 kinds in Chinese origin £ sessififlorus, (* Data are given as Mean=+S.D. ® Refer to dry

weight (g) of £ sessiliflorus).

Content of eleutheroside E

Sample No. Cultivation region — - —
Extract bias * (%, n=3) Raw material bias ~ (%, n=3)

EsC1 China, Unknown 0.72+0.02 0.055
EsC2 China, Unknown 0.51£0.01 0.033
EsC3 China, Unknown 0.66+0.01 0.046
EsC4 China, Unknown 0.13£0.00 0.008
EsC5 China, Unknown 0.12£0.01 0.013
EsC6 China, Unknown 0.16+£0.00 0.019
Average 0.56+£0.01 0.024
Range 80% 0.25 0.019
120% 0.38 0.029

Standard 0.25-0.39 0.004-0.063

Table, 8. Contents of eleutheroside E among 3 kinds of Korean £ senticosus according to harvesting time.(* Data are given as

Mean=S.D. "Refer to dry weight (g) of £ senticosus.)

Content of eleutheroside E

Sample No, Cultivation region(Harvest time) — - —
Extract bias * (%, n=3) Raw material bias ° (%, n=3)
EK2 Korea, (27 3) 0.92+0.02 0.050
EK3 Korea, (57 6) 2.44+0.04 0.128
EK1 Korea, (67 9) 1.69+0.04 0.090
Average 1.68+0.03 0.089
80% 1.347 0.014
Range

120% 2.021 0.236

Standard 1.32-2.06 0.07-0.10

2.4 Standardization of eleutheroside E content in validation,

Eleutherococcus species

Finally, quality standardization was determined by
80—120% range of average value of eleutheroside E
content, Content of eleutheroside E was found to be
1.02 to 1.64% and 0.39 to 0.67% in Korean and
Chinese £, senticosus, respectively, Eleutheroside E
content was 0.68 to 1.05% and 0.25 to 0.39% in £
sessiliflorus of Korean and Chinese origin,

Discussion

Quantity of photochemical in plant might be
affected by the geographical
condition, soil condition, environmental factors, etc,

variation, climatic

This leads to the variation in the quantity of active

constituents depending upon seasonal and

environmental factorsle),
The method was

compliance with the ICH guidelines and is suitable for

developed and validated in
the simultaneous determination of eleutheroside E in
FEleutherococcus species, Calibration curves show the
linearity of 0,995—0.999%, LOD of 0,173 mg/mL, LOQ
of 0.526 mg/mL, inter—days precision of
0.880—3.442% (RSD), and intra—day precision of
0.606—3.328% (RSD). The average recovery values

were of 0.141-1.363% (RSD) for the method

In this study, quantitative analysis of eleutheroside
E in 23 kinds of FEleutherococcus species collected
from Korea and China was done by HPLC method and
their contents were compared, Content of
eleutheroside E was found to be 0.52—-2,44% in E,
senticosus, and 0.24-1.61% in E. sessiliflorus of
Korean origin, Also, in Chinese origin, eleutheroside E
content was found to be 0,13—-0.98% in E. senticosus,
and 0.12—-1.61% in FE sessiliflorus, Content of the
eleutheroside E in Korean species was found to be 2
times higher than that of
Eleutheroside E content was compared in 12 kinds of

Chinese  species,
E. senticosus and 11 kinds of E sessiliflorus collected
from Korea and China, Content of eleutheroside E
was found to be 0,13—-2,44% in E senticosus and
0.12—1.61% in E. sessiliflorus, Eleutheroside E content
was found to be 2 times higher in £ senticosus than
that in £ sessiliflorus, 1t was consist with previous
report which contents of eleutheroside E was 3 times
higher in E, senticosus than in £, sessz']zf]orusm, This
result clearly shows that content of phytochemicals
are various depending upon the cultivation region and
origin, Also, the content of eleutheroside E was found
to be varied according to the harvest time of Z
senticosus, The eleutheroside E content in Z
senticosus of 2—3 years old was 0,92%, that of 5—6

years old one was 2.44%, and that of 6—9 years old
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one was 1.69%., At the optimum age of the plant, the
active constituent will be in highest concentration and

rest of the time its amount is altered™®

. Here, it was
found that the optimum age of E senticosus harvest
time was 5—6 years, Finally, quality standardization
was determined by 80—120% range of average value of
eleutheroside E content,

In summary, harvesting time and the age of the
plant play vital role for the presence of the active
constituents in appropriate amount, So, one should be
very careful and have sound knowledge about the
plant material in order to ensure high quantity of
active constituents, Constantly, active constituent
should be compared according to the cultivation region
and harvesting time for quantity standardization and
management, Among the various methods for quality
standardization of the herbal medicine, the developed
HPLC method is efficient standardization methods for
the identification and quantification of FEleutherococcus
this

Korea Food & Drug Administration

species, Therefore, result might be useful
resource for
(KFDA) to identify the quality standardization criteria
helpful to the

setting QC

of herbal medicine and furthermore,
related food
guidelines,

industrial company for

Acknowledgements

This study was carried out with the support of
Forest Science & Technology Projects (Project No.
S111010L040000) provided by Korea Forest Service
and the National Research Foundation of Korea (NRF)
grant funded by the Korea government [MEST] (No.
2010—0001278). Also, This work was supported by the
Second Stage of Brain Korea 21 project in 2010,

References

1. Ahn JK, Lee WY, Oh SJ, Park YH, Hur SD, Choi
MS. The contents of
Eleutheroside E in
(Rupr. et Maxim) Harms, Jour. Korean For. Soc.
2000 ; 89 : 216—222,

2. Jia, L. and Y. Zhao.

chlorogenic acid and

Eleutherococcus senticosus

Current evaluation of the

millennium phytomedicine—ginseng (I) : etymology,
pharmacognosy, phytochemistry, market  and
regulations, Curr. Med. Chem, 2009 ; 16 :
2475—2484,

3. Tolonen A, Joutsamo T, Mattlla S, Kidméardinen T,
Jalonen J, Identification of isomeric dicaffeoylquinic

acids from Eleutherococcus senticosus using

10,

11,

12,

13.

14,

109

HPLC—ESI/TOF/MS and 1H-NMR
Phytochem Anal, 2002 ; 13 : 316—328,

Patrick N, Yat, John T, Arnason and Denins V C,
Awang, An improved extraction procedure for the

methods,

rapid, quantitative =~ High—Performance  Liquid

Chromatographic estimation of the main
eleutherosides (B and E) in
senticosus  (Eleuthero).
1998 ; 9 1 291-295,

Hibasami H, Shohji T, Shibuya I, Higo K, Kanda

T. Induction of apoptosis by three types of

Eleutherococcus

Phytochemical Analysis,

procyanidin isolated from apple (Rosaceae Malus
pumila) in human stomach cancer KATO III cells,
Int, J. Mol. Med, 2004 ; 13 : 795-799,

Gaffney BT, Hugell HM, Rich PA, Rich, The
chromatographic co—elution of
alcohol

dihydrodehydrodiconiferyl monopyranose

with eleutheroside E in Eleutherococcus senticosu

s . implications for eleutheroside E assays.
Phytochem Anal, 2004 ; 15 : 231-234,
Huang LZ, Huang BK, Ye Q, Qin LP,

Bioactivity—guided fractionation for anti—fatigue

property of Acanthopanax senticosus, dJ.
Ethnopharmacol, 2010 ; Article in press.
Park SH, SG, Kang SK,

Acanthopanax senticosus

Lee Chung SH.
fatty
disease and hyperglycemia in ob/ob mice.
Pharm Res, 2006 ; 29 : 768—776,

Kim HC, Textbook of herbal pharmacology, 1st rev

liver
Arch

reverses

ed. Seoul : Jipmoondang, 2001 : 204-205,
Tohda Chihiro, Ichimura Mahoko, Bai Yanjing,
Tanaka Ken, Shu Zhu, Katsuko Komatsu,

Inhibitory effects of Eleutherococcus senticosus
extracts on amyloid beta(25—35)—induced neuritic
atrophy and synaptic loss. J. Pharmacol. Sci,
2008 ; 107 : 329—-339.

Fujikawa T, Yamaguchi A, Morita I, Takeda H,
Nishibe

senticosus

S. Protective effects of Acanthopanax
from Hokkaido
components on gastric ulcer

Harms and its
in restrained cold
water stressed rats. Biol Pharm Bull, 1996 ; 19 :
1227-1230.

Bu YM, Rho SJ, Kim JM, Kim MY, Lee DH,
Neuroprotective effect of tyrosol on transient focal
cerebral ischemia in rats, Neurosci, Lett., 2007 ;
414 : 218-221,

Takasugi N, Moriguchi T, Fuwa T, Sanada S, Ida
Y, Shoji J, and Saito H, Effect of Eleutherococcus
senticosus and its rectal temperature, body and
grip tones, mortor coordination, and exploratory
and spontaneous movements in acute stressed
mice, Shoyakugaku Zasshi, 1985 ; 39 ; 232—237.

M, Krikorian AD,

Davydov Eleutherococcus



110

15.

16.

17,

18,

KR B2 € 3k — Vol 26, No. 1, 2011

senticosus (Rupr. & Maxim,) Maxim, (Araliaceae)
as an adaptogen : a closer look, J
Ethnopharmacol, 2000 ; 72 : 345—393,

Lee EH, Cha BC., Quantitative Analysis of
Acanthopanacis cortex and Achyranthis Radix for
standardization of GCSB—5 preparation, Kor, J,
Pharmacogn, 2008 ; 39 : 316—323,

Ester RC, Ballerinib G, Sequeiraa AF, Velascoa
GA, Zalazara MF, Chemical composition of
essential oil from Tagetes minuta, leaves and
flowers, Journal of the Argentine Chemical
Society. 2008 ; 96 : 80—86,

Jeong HN, Lim SH, Kim HY, Kim KD, Park YH,
Ham HJ, Lee KJ, Kim KH, Ahn YS, Quality
changes in Eleutherococcus senticosus cortex
processed by different pretreatment and drying
method, Korean J. Medicinal Crop Sci, 2010 ; 18 :
98-104

Ma XQ, Shi Q, Duan JA, Dong TX, Tsim KK,
Chemical Analysis of Radix Astragali (Huanggqi) in
China : a comparison with its adulterants and
seasonal variations, J, Agric. Food Chem, 2002 ;
50 : 4861—-4866.



