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Abstract

Acanthopanax senticosus has been known for many years as a traditional herbal medicine, having some
pharmacological effects in Korea, Russia and China. Falcarinol, synonymous with ‘panaxynol’, has been
known as cytotoxic activity, antimutagenic properties and antitumor activity. 
The objective of this study was to optimize the conditions of falcarinol extraction from Acanthopanax
senticosus by supercritical fluid carbon dioxide. It was planned by central composite design and
extracted using supercritical fluid carbon dioxide followed by this design. Quantification of falcarinol in
crude samples were determined by gas chromatography. Response surface methodology were carried out
to find effects of three independent variables such as temperature(X1), time(X2) and pressure(X3) on the
yield of falcarinol content. According to the analysis RSM, optimum extracting conditions of tempera-
ture, time and pressure were 48.821307oC, 108.820684 min and 29427 kPa, respectively. Statistically
maximum yield of falcarinol was 265.8347 µg/g when the falcarinol was extracted from Acanthopanax
senticosus at above conditions by supercritical fluid carbon dioxide. Regression equation model opti-
mized by response surface analysis was as follows. Yfalcarinol = -694.5814 + 6.7142 X1 + 8.1306 X2 + 0.0241
X3  0.0897 X1

2 - 0.0086 X2X1 - 0.0378 X2
2 + 0.0001 X3X1 + 0.000017 X3X2 - 0.00000053 X3

2 where X1 is
temperature, X2 is time, and X3 is pressure.
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� �

�����(Acanthopanax senticosus)� �� ��
� ����, � ������, � ����, ��

�� ��, � ���� �� �� ����� �
���� �� ��� ����� ���, �� �

��� �� �� ��. ���� �� ���� �
��� �� ����� ��� ����� ���
��� ���� ���� �� ����(Moon Soo

Park et al., 1995; Ho Ki Park et al., 1997) ����
�� ��� �� ��� acanthoside� chiisanoside

�� �� ��	 �� ����� ��� �� �
��� ���� ���� ��� �� �� ��
� ��� ���� � ���� ��� �� ��

� �� ��� �� ��� � ��� �� ��
��(Park et al., 1995: Park et al., 1997) �� �

� �����	 �� �����(Araliaceae)� �
�
 
�� �� 
�� ����� ��� � �

� ��� ����� ��� ��� �� 
��
���� ������ �� ���� ��� ��
������ � � polyacetylene� ���� ��

��, ��� �� �� ���� �	� ����
��� 	�� ������ polyacetylene ��	
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� �	� ��� ����� ��(Sohn, 1992).

Falcarinol(heptadeca-1,9-dien-4,6-diyn-3-ol)� ��
��(Araliaceae)�	 
���(Umbelliferae) ���
� ���� polyacetylene� �����, panaxynol,

carotatoxin ���� ��� ��. ��� polyacetylene
� ���� �� ���� ��� ��� Liquid

Chromatography ��	 ���� ���� ��. �
�� polyacetylene ���� �� �	�� � �
��� ���
 ����� ��� ���� ��

��	 ��� ����, �� ����, �� ��
�
 �� ��	� �����, �� �� ���

�� ����� ��� polyacetylene� �� ��
���� ��� ��� �� ����� � � �

�(Noh et al., 1997). ��� � ��� ��� �
�� ���� �������� ��� �� ��
�� polyacetylene� ���� ����� ���

� ������ ��.

�� � ��

����

� ��� ��� ��� ������ 2004�
�����	�� 
��� � �� ����

hammer mill� ���� 80 mesh� �� ��� �
�� ��� � -4oC�� ����� ����� �

����. � ��� ����� ���� ��
HPLC grade� �����. Falcarinol ���(��
=97%)� KT&G �������� �� �� ��

���.

GC� �� falcarinol ��� ��
���� polyacetylene ���� TMS ���

�� �� ���� ��� falcarinol�� ����
�� �� ����� ��� �����(��� �,
1989a; ��� �, 1989b) � ����� falcarinol

� TMS ���� ��� �� ���� ����

�. Falcarinol ���� 8~60 ppm �� ��� �

���� ���� ��� GC� ��� � area�
���� ���� �����. GC �� ���
Table 1� ��.

���� �� ������ ��� ��
������ ��� ��� 		 10 g� ���
��� �� 10 g� methanol � ethanol 100 mL�
��� 6��� 2� ���� �� 	 ���� 


	 �� � � ��� 25 mL� Pet.ether-ether(4:1,
v/v) ���� 50 mL� 2�� partionning� ���

� Pet.ether-ether ��� �� ���� ����
100 mL� ���� GC� �����(��� �,

1990). �� ��� 3� ���� � ����
falcarinol� 
�� �����.

��� ��� �� ��
��� ��� ��� �� �� 	�� ���

� Fig. 1� �����, ��� �� ��	��
���(HIP inc. Erie, P.A.), �	��(Haskel co.

Burbank, Califonia), 	����(HIP inc. Erie, P.A.),
	����(MacDaniel controls co.), �	�� ��
� ���� ��� ���� ��� �� ���

��. ���(extractor)� ������ ���� 	
	 10 g� ���� glass bead� ��� extractor

� �� ��, 	� ���� �	��� �� �
� �� ��	�(���0.5oC)� 	�(���6.9 bar)
� 	�� ���� Table 2� �� ���� ��

���. ����� 5 mL/min���, ������
���� 10 mL/min�� ���� �����. �

�� ��� -20oC�� ����� �����. �
� ���� ����� ���� ����� ��

��� �����, ����� Ethanol� ����
�. ���� 
	 �� � � �� ��� ���
�� ��� 100 mL ��� � GC� �����.

���� �� � ����
����� � falcarinol� �� ���� � �
� ����� ���� ��� ��� �����

� ��� �� ����. �� ������ ��
� �� 	�� 	�� �� ����� ��	�
� 	�� 	�� �� ����� ��� � ��

� � ��� ��� Factorial design� �� ��
	��� �� ��� �	���. 	 �����

Table 1. GC condition for the analysis of falcarinol

Description

Column HP-1 fused silica capillary (0.25µm×0.25 mm×30 m)

Temperature 200oC(3 min)~260oC, 4oC/min

Carrier gas He 1.0 ml/min (Split ratio=25:1)

Detector FID

Injection Vol. 5.0 µl

GC model Hewlett-Packard 6950
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� ��� � ���� GC(FID)� ������ �
������� falcarinol� ��� ���� ��
�� ��� �����.

��� �� ����� ����, ����, �
� �� �� ����� ��� � �	��, �

����� �� ������ ���� �� ��
� ��� ���	� ���� �� �
����
�(response surface methodology, RSM)� ����. �

���� ������� ����, �� �� �
�� ���� ����, ����, ����� �

� ����� ����, Cochnan� Cox� ���
�� ���� �� �����(Cochnan� Cox,

1957). � ���� � 16���, ����� X1(�
���), X2(����), X3(����)� �����
Y(falcarinol� ��)� ��� �� ��	� ��

�� �� ��� Table 2, Table 3	 �� ���
��. ��� �� ��� ��� Statistical Analysis

System ����(SAS Ver 6.1. Institute Inc.,
USA)� ���� �
����(RSM)� �����.

�� � ��

GC� �� falcarinol� ���
8~60 ppm �� ��� falcarinol ����� �

��� ��� GC� ��� � area	 ���� �
��� 	�� 
� Fig. 2�� � � ��� ���
������ ����� ����	� R-square�

0.9995�� �� ���� ���. ���	�
falcarinol(panaxynol)� 20 ppm �� �� ����

� ���� ���� ���� ���� ���
�� ����� ���� ���� ���
polyacetylene ��� ��� ��� ����� �

����� ���� ��(Noh	 Sohn, 1989b). �
�� � ����� ��� ��	 �� ����

� ��� ��� 20 ppm� �� ����� ��
�� �����.

����� �� ���� ��
���� �� � methanol� ethanol ��� �
���� �� ����� ��� Fig. 3�� ��

�	 �� ��� ��� ��� �	�. �� �
���� �� falcarinol ��� 
 369 µg/g	� �

�� �� 
 55 µg/g �� 
 4.5� �		� ��
� ���� ��� ��� 1/3��� �� ���

(��� �, 1989).

��� ��� �� ���� ��

� ��� ��� ����� ���� ��
����	��� falcarinol ��� �� ����

Fig. 1. Supercritical fluid extraction equipment.
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� �� �� � �� ��� �����, ��

polyacetylene ���� �� ��� hydroxyl group
� �� ��� ��� ���� ��� ��� �
���� �� ���� ��� ��� ����

(Koh et al., 1986) ��� �� ��� �� ���
�� ����� ������ ����� ���

� seperator ����� ������� ethanol �
�����, ��� 16�� ��� �� ��� �
�� � ���� Table 3� ��.

�� �� �� ��� �� ���� ��
�	��� �����, ���� � �����
� �� �	��� falcarinol ���� �� SAS

Ver 6.1 program� 
��� ����� ����
� 3������ contour map� �����. ��
	�� Fig. 3, 4, 5� �� 	�� ���. Fig. 3

� ����(X2)� ����(X3)� �� falcarinol
����(Y)� ��� ��� 90~120 min� ��

��� 24696~34400 kPa � ������ ���
� ���, Fig. 4� ����(X1)� ����(X3)�

falcarinol ����(Y)� ��� ��� 35~55oC�
����(X1)� 24696~34300 kPa � ����(X3)
�� ���� ����, Fig. 5� ����(X1)�

����(X2)� �� falcarinol ����(Y)� ��
� ��� 45~55oC ����(X1)� 100~120 min

� ����(X2)�� ���� ���. Fig. 3, 4, 5

�� ���
 contour map �� �� � � �
�.�� ��	�� ���
 ���

� ���


 ��� ���� ���� ����� �� �
��� ����. ���� 	� total regress�

0.0434�� ��� ���	
 ��� �����
�� � ���, R-square(����)� 0.8675��
�� �� ��� ����� �	��� ����

� �� ��� � � ��. ���� 	�
Falcarinol� �	�� ����

Table 2. Experiment combinations according to codes of experimental design at various extraction conditions of
temperature, extraction time and pressure.

Treatment
T (oC) E (min) P (kPa) Actual parameters

X1 X2 X3 Temperature (oC) Extraction Time (min) Pressure (kPa)

1 -1 -1 -1 45 60 19894

2 -1 -1 1 45 60 29498

3 -1 1 -1 45 120 19894

4 -1 1 1 45 120 29498

5 1 -1 -1 65 60 19894

6 1 -1 1 65 60 29498

7 1 1 -1 65 120 19894

8 1 1 1 65 120 29498

9 0 0 0 55 90 24696

10 0 0 0 55 90 24696

11 -2 0 0 35 90 24696

12 2 0 0 75 90 24696

13 0 -2 0 55 30 24696

14 0 2 0 55 150 24696

15 0 0 -2 55 90 15092

16 0 0 2 55 90 34300

Fig. 2. Falcarinol contents in Acanthopanax senticosus
(Unit: µg/g dry wt.)
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Yfalcarinol=-694.581351+6.714155X1+8.130584X2+
0.024081X3-0.089679X1

2-0.008559X2X1-0.037769X2
2

+0.000101X3X1+0.000017243X3X2-0.000000525X3
2


�, ���� ���� 48.821307oC, 108.820684 min,
29427 kPa� � 265.8347 µg/g 
��. 
�� ��

��(Ethanol)� ��� �� � �� 72.86%���
���� ���� ���� ����� �� ��
�� ���. 
�� ���� �
� ��� ��

��� ��� CO2� ���� ��� falcarinol�
� �� �
� ��� �
� ���� �� ��

��� ��� ��� CO2��� ������ �
� ����� ���� ���� 
�
 �� �

������ �� �	�� 	��� �� ���
� ����� ���� ��� ����(Rizvi,
1994).

� �

��	�	� polyacetylene ��� falcarinol� �
���� ��� � �� ��� ��� 
���
������� 
����. ����� ��� �

� �
�� ���� ��� methanol� ethanol�
��� �� ��� ���� ��� 	� ���

� ���� �� ��� �
�� 
��� ��
��
 ������ � 4.5� ���. ��� ��

Table 3. Analysis of extracted falcarinol at various extraction conditions analyzed by GC

Treatment
Variable Measurement

X1 X2 X3 Response Area falcarinol content (µg/g)

1 -1 -1 -1 25.75122 120.7273

2 -1 -1 1 34.20557 163.2939

3 -1 1 -1 39.10109 187.9423

4 -1 1 1 57.51219 280.6401

5 1 -1 -1 19.49386 89.2221

6 1 -1 1 39.78671 191.3943

7 1 1 -1 42.54976 205.3061

8 1 1 1 38.53044 185.0692

9 0 0 0 51.32004 249.4633

10 0 0 0 50.93992 247.5495

11 -2 0 0 45.75928 221.4655

12 2 0 0 36.60752 175.3875

13 0 -2 0 2.542987 3.87653

14 0 2 0 40.06223 192.7816

15 0 0 -2 21.98951 101.7875

16 0 0 2 49.75137 241.5653

**X1: extracted temperature X2: extracted time X3: extracted pressure

Fig. 3. Response surface contour and contour map of
falcarinol content of Acanthopanax senticosus as a fraction
of S.F.E. extraction at various extraction time and pressure.
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��� �� ����� ������ �����

���� ethanol� �� ����� ������
�� �������� ��� ��� 16�� ��
�� �� ��� �����. ��� ���� GC

� ���� ����� X1(����), X2(����),
X3(����)� ����� Y(falcarinol� ��)��

�� ������� ��� �� Yfalcarinol=-694.581351
+6.714155X1+8.130584X2+0.024081X3-0.089679X1

2-

0.008559X 2 X 1 -0.037769X2
2 +0.000101X3 X1 +

0.000017243X3X2-0.000000525X3
2� �� ���� �

����� �� ���� ���� 48.821307oC,

108.820684 min, 29427 kPa� � 265.8347 µg/g ���.

����
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