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Abstract : The purpose of the study was to investigate the effect of ginseng saponins (panaxadiol,
ginsenoside Rb1, Rb2, Rc, Rd) on jejunal crypt survival, endogenous spleen colony formation and apoptosis
in jejunal crypt cells of mice irradiated with gamma-ray. ICR mice were given each saponin (i.p. 50 mg/
kg of body weight) at 24 hours before irradiation. The radioprotective effects of saponins were compared
with the irradiation control respectively. The jejunal crypts were protected by pretreatment with ginsenoside
Rc (p<0.05) and Rd (p<0.05). The spleen colony was increased by pretreatment with panaxadiol (p<0.05)
and ginsenoside Rd (p<0.05). And the frequency of radiation induced apoptosis was significantly reduced
by pretreatment with panaxadiol (p<0.05), ginsenoside Rb2 (p<0.05), Rc (p<0.05) and Rd (p<0.01). These
results suggest that ginsenoside Rc, Rd might have a major radioprotective effect.
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B �

 

�â(Panax ginseng C. A. Meyer)f .�¦V �.;

Ë 5 ®�Ë�~ '£b� �OöB 6Ò �Ï>Ú z

b�, ôf �O~Bö >�>Ú ²zVê, �ãê, B

~Vê �~ VË�. 5 ÚKÃ;, b�²�j *~�

�ë 6º ��¾O~ �W �£b� �Ï>Ú z
 [1].

�OÎËö "�~� �â~ Wª" ÎËö &� ôf

��& >¯>î�, "¾öº ÿ· öò jî¢ B·ö

Bê ;ËB, �;�® 5 &Ú~£~ &6öB �âö

&� &�� Ã&~� ®
 [34]. �âf �Öz, �z,

�"Ã, �ÊÞ.Ê, �jò, �zOæ, �r�æ Î"f

[5, 6, 8, 9, 21, 33], �.^�~ Ã� 5 �^, *"

.O, ò¶çö &� �^, *�^, ;�n;, b�²�

�~ ·Ïê rJ^ ®
 [10, 23, 25, 31]. 

�âWª 7 Ò�ò~º �â~ "º Î" Wªb

� rJ^ ®b� [13], �² protopanaxadiolêf

protopanaxatriolê� ¾2 > ®�, dammarane �Ïö ­

B~ �� Ö�B ��¢ <º
 [32]. �â Ò�òö &

� ��º �" �B® ��Úæ� ®b¾, OÒF Ë�

ö &� ' Wª~ Î"ö &�Bº jçræ ��& �

�� 
;�
.

� ��º F¯B ginseng total saponin, panaxadiol,

panaxatriol~ 
þj Û� �â~ OÒF Ë�ã6ö ®

Ú panaxadiol� panaxatriol �
 Î"& ®rj {�~

&� [19], � Ö"¢ :ûb� panaxadiol" panaxadiol

ê ginsenosides~ ' Wª Î"ö &� ��¢ >¯~

�¶ ~&
. Panaxadiolê~ ' Ò�òö &� OÒF

� ��º "�VF¦ ö¶K��BBÒë~ æöb� >¯>îr.

*Corresponding author: Sung-ho Kim
College of Veterinary Medicine, Chonnam National University, Gwangju, 500-757, Korea
[Tel: +82-62-530-2837, Fax: +82-62-530-2841, E-mail: shokim@chonnam.ac.kr]



180 ��&Áf^¢ÁfW^

Ë� ã6 Î"¢ {�~V *� �Fï 5 &Fï~ O

ÒFj îÖÊö �Ò~� ²Ëæ ��, ÚÒW jË÷

£ ;W 5 apoptosis FB �~ ;��' æ�¢ 'Ï

~� &V~&
. 

Òò 5 O»


þÿb

²Ëæ ���þ" apoptosis G;�þj *� 8"_

~ ICR z�îÖÊf ÚÒW jË÷£ ;W�þj *

� 8"_~ ICR >�îÖÊ¢ ���«����ööB

ª· Aj �&ÒGO»b� ÒG��~&
.

�ò

Total panaxadiol (panaxadiol� ��)" ' ginsenoside

º ���â�.��ööB �/A~
. Panaxadiolf

ginsenoside Rb1, Rb2, Rc, Rd, Rg3, Rh1, Rh2f Rh3� �

WB b�b��, ginsenosidesº ÒÏ *ö �Ò�">

ö �C~� ÒÏ~&
. �ò R�º îÖÊ Ú7 kg

� 50 mg~ Ïïb� OÒF�Ò * 24�*ö �;Ú

� 1² "Ò~&
.

OÒF �Ò


þÏ OÒF �ÒV (Gamma-cell Elan 3000, Nordion

International, Canada)¢ ÒÏ~� 60Co 6îF (FïN :

10.0 Gy/min)j ²Ëæ ���þöº 12 Gy, ÚÒW j

Ë÷£ ;W�þöº 6.5 Gy �Ò� apoptosis G;�þ

öº 2 Gy� 1² *� �Ò~&
.

²Ëæ ���þ

�Fï OÒF (12 Gy �ç)ö &� Ë�ã6Î" &

Vj *� 
þÎ�� 'Ï~&
. 
þ�f ' �� 6

îÒO ;ç&��, OÒF �Ò &��" ' �ò÷¯

R��b� 7�b� ¾*î
. OÒF �Ò ê 3.5¢ö

îÖÊ¢ ���B ²Ë¦*¢ j�~� ' îÖÊ�

8~10B~ ²ËÞj Ûç'� O»ö V¢ 2¢f �


~� .Þj B·~&
. ' îÖÊ� 8B~ «.B ²

Ë��~ &Ë¶Òö *~~º ²Ëæ~ >¢ 7�*�

ãb� G;~&
 [30].

ÚÒW jË �.^�÷£ ;W�þ

7*Fï~ OÒF(3~8 Gy)ö &� Î"G;j *�


þÎ�� 'Ï~&
. 
þ�f ' �� 8~9îÒO ;

ç&��, OÒF �Ò &��, �òR��b� �ª~

� 7B �b� ¾*î
. OÒF �Ò ê 9¢ö ' 
þ

�~ îÖÊ¢ ���B jËj j�~� Bouin �;�

ö 2¢* �;~� ��ö ;WB �.^�÷£j 
Ú

*�ãb� &V~&
 [28].

"QPQUPTJT G;

&Fï OÒF (2 Gy �~)ö &� Î"G;j *�


þÎ�� 'Ï~&
. 
þ�f ' �� 4îÒO ;

ç&��, OÒF�Ò &��" OÒF�Ò * �;Ú

R��b� �ª~� 7B~ �b� ¾*î
. OÒF �

Ò ê 6�*ö îÖÊ¢ ���B ²Ëj j�~� 7

W ��öÖö �;�Î Ê ' îÖÊ� 8~10B~ ²Ë

Þj Ûç'� O»ö V¢ 2¢f �
~� .Þj ò


î
. Hematoxylin-eosin "ï 5 DNA fragments G;

j *~� in situ apoptosis detection kit (APOPTAGTM,

Oncor, Gaithersburg, MD, USA)¢ ÒÏ� in situ DNA

end-labeling (ISEL)j 
�~&
. ISEL techniqueº �

�Ò¢��ö terminal deoxynucleotidyl transferase¢ Î

&~� fragmented DNAö digoxigenin-nucleotide¢ ¦

O�Ê� anti-digoxigenin-peroxidase antibody¢ ��"

ï»b� Ö��Î ê diaminobenzidine (Sigma chemical

Co.)¢ ÒÏ~º Ûç'� O»b� peroxidase enzyme

¦*¢ Bï�V
. îÖÊ îÒ� 40B~ ²Ëæj 7

�*�ãb� &V~&b�, G;ö ÒÏB ²Ëæf æ

~ ÞG^�>& 17B �çb� Paneth cell" Ú;� {

�® ¾æ¾º ;{® «.B æòj F�~� ²Ëæ

~ Paneth cellj B�� 4®� ^�ræ¢ V&¦ (base)

� ~� apoptotic cellj V&¦f *Ú ²ËæöB &

V>º C>� �ª~� ÖÂ~&
 [36].


þÖ"~ Ûê¾Òº Grapg PAD In Plot *��Î

(GPIP, Graph PAD Software, San Diego, USA)j ÒÏ~

&
.

Ö "

²Ëæ �� �þ

;ç&��~ �Ë �� "æ¦~ æ>º ï� 161B

� G;>îb�, OÒF �Ò &��öBº ï� 29B

� /Ï® 6²~&
(Fig. 1). Ginsenoside Rcf Rd~

R��öB ²Ëæ~ >& F~W ®² Ã&~&b¾

(p<0.05), panaxadiol, ginsenoside Rb1 5 Rb2~ R��

öBº Ûê�' F~N& �;>æ p~
(Table 1).

ÚÒW jË÷£ ;W �þ

ÚÒW jË÷£ ;W(Fig. 2)f OÒF �Ò &��

ö j~� Ò�ò R��öB panaxadiol (p<0.05)"

ginsenoside Rd (p<0.05)¢ �;Ú "Ò� 
þ�öB F

~W ®º Ã&¢ ¾æî
. OÒF �Ò * ginsenoside



OÒF �Ò îÖÊöB �â panaxadiolê ginsenosides~ Î"ö &� ;��' ï& 181

Rb1, Rb2, Rc R��öBº ï�~& Ã&~&b¾ æ

z~ F~Wf ¾æ¾æ p~
(Table 2).

"QPQUPTJT G;

Apoptotic cellf æ~ V&¦öB "� ;W>î�

H&E "ïçöB �"ïî" ^�î~ ³» 5 Ö^W

^�î~ ßWj ¾æÚîb�, ISEL "ïöB ·W~

^� 5 apoptotic body& &V>î
(Fig. 3). ;ç &�

�öB æ� ï� 0.08B~ apoptotic body& &V>î

b� OÒF �Ò &��öBº ï� 3.18B� � >&

Ã&~&
. Ò�ò R��öB panaxadiol (p<0.05),

ginsenoside Rb2 (p<0.05), Rc (p<0.05), Rd (p<0.01)º

Fig. 1. Photomicrograph of transverse section of jejunum
in mouse irradiated with gamma-ray. H&E staining, ×40.

Table 1. Effects of ginseng saponins on intestinal crypt
survival in irradiated mice (Mean±S.D.)

Groups Crypt per circumference

Untreated control 161.35± 5.85

Irradiation control (12 Gy) 21.80± 7.90

Panaxadiol + irradiation 16.80± 6.60

Ginsenoside Rb1 + irradiation 19.93±11.30

Ginsenoside Rb2 + irradiation 24.13±12.08

Ginsenoside Rc + irradiation 30.48± 4.63*

Ginsenoside Rd + irradiation 30.40± 3.52*

*p<0.05 as compared with the irradiation control group

Fig. 2. The macroscopic finding of endogenous spleen colony
formation.

Table 2. Effects of ginseng saponins on endogenous spleen
colonies in irradiated mice at 9 days after
irradiation (Mean±S.D.)

Groups Number of colonies

Irradiation control (6.5 Gy) 2.89± 2.37

Panaxadiol + irradiation 9.78± 6.89*

Ginsenoside Rb1 + irradiation 4.57± 2.88

Ginsenoside Rb2 + irradiation 8.43±11.28

Ginsenoside Rc + irradiation 3.33± 2.24

Ginsenoside Rd + irradiation 7.86± 6.04*

*p<0.05 as compared with the irradiation control group

Fig. 3. Intestinal crypts of mice 6 hours after exposure to
gamma radiation. Cells exhibiting pyknosis of nuclei (arrows)
are seen. H&E staining, ×330.

Table 3. Effects of ginseng saponins on cell death by
apoptosis in crypt of intestine following irradiation
(Mean±S.D.)

Groups
Apoptotic cells per crypt

Base Total

Untreated control 0.067±0.033 0.081±0.034

Irradiation control (2 Gy) 2.663±0.245 3.181±0.369

Panaxadiol + irradiation 1.719±0.414* 2.244±0.601*

Ginsenoside Rb1 + irradiation 2.494±0.532 3.025±0.587

Ginsenoside Rb2 + irradiation 1.775±0.219** 2.244±0.546*

Ginsenoside Rc + irradiation 1.881±0.383* 2.225±0.467*

Ginsenoside Rd + irradiation 1.800±0.147** 2.125±0.174**

*p<0.05, **p<0.01 as compared with the irradiation control
group
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apoptosis~ B� nê¢ 6²�Vb¾ �ö >�

ginsenoside Rb1f 6²�Êæ á®
(Table 3).

� V

�â panaxadiolê Ò�ò~ OÒF O^Î"¢ �F

ï, 7*Fï 5 &Fï~ 6îFj �Ò� îÖÊöB

²Ëæ ���þ, ÚÒW jË�.^� ÷£;W" ²

Ëæ ^�öB~ apoptosis G;j æ�� &V~&
.

Ò�òf �â~ "º Î" Wªb�, *Òræ

ginsenoside Rx (x=o, a1, a2, b1, b2, b3, c, d, e, f, g1, g2,

g3, h1, h2)� ��& C&^ ®
. �â~ ginsenosidesº

­­j B�~� dammmarane ��¢ V�b� &æ�

�ö Ö�~º �ö V¢ �² panaxadiolêf panaxatriol

ê ginsenosides� ¾�
 [32]. Panaxadiolê ginsenosides

�º Rb, Rc, Rd& ��B
. Ginsenoside Rb1ö &�

; �� "Ö" r�ö ~� 
þ'b� FBB Ê·

ö &� 6ï�^ Î"¢ ��~&� [12], Hu �"

Chen �f �ã^�~ Ã� 5 ¶çö &� ~ò Î

"¢ ��~&
 [4, 11]. 6� pregnant mare serum

gonadotrophinö ~� FBB Â² VË ¦*ö &� ~

ò Î"f [38] estrogen FÒ ·Ï � Úªjêö &�

ginsenoside Rb1~ ·Ïê ��>î
 [27, 35]. f �f

ÊÞ.Êf &NB î÷�¾ �Ú �çö ginsenoside

Rb2& ~ò Î"& ®rj ��~&
 [14]. Ginsenoside

Rcº G-protein, mRNA, TNF(tumor necrosis factor)-α �

^� �. �¶ö &� B* 5 �. VË" [16, 29],

;¶~ W? 5 ÚÿW /ê ·Ï� ®r� ��>î


[3]. Yokozawaf Liuº "*�Ò^& ^�¢ V·�B

ginsenoside Rd~ �VË¦*ö &� ~ò Î"¢ ��

~&
 [37]. Ginsenoside Rdº ¢Özî²~ �W ÛB

f �ãê �^ ·Ï� ®r� ��>î
 [7]. ��¾

�¢ ginsenoside& ÿ¢ �çö &� ~¾ �ç~ ��

·Ïj &æº ©b� rJ^ ®Ú z ôf ��& j

º� ©b� �'B
 [2]. 

�â~ OÒF Ë�ö &� Î"��öB f �f �

â~ bª³ 5 r¢���ª³j �Ï~� 6îFö

~� ^"^î^�öB~ apoptosis FB ÛB 5 ^>

î^�~ WË /ê Î"¢ &V~&� [17, 18], OÒ

Fö ~� ²Ëæ ��N, ^�î ª�N� â*�~ �

²� ;W 5 DNA ¶çö &� �^ Î"ê ��~&


 [15, 20, 26]. Kumar �f 6îFö ~� Ñ�~ ;

² ¶çö ®Ú �â bª³~ OÒF O^ Î"¢ �

�~&� [22], � �f �â bª³� HaCaT keratocyte

öB UV-Bö ~� FB>º apoptosis~ B�nê¢ Ô

ºº ©j &V~&
 [24]. ��¾ �" f �� >¯

� ginseng total saponin, panaxadiol, panaxatriol~ 
þ

[19] �ö �â~ OÒF O^ Î"ö &� Ò�ò '

Wª~ ��º �~ *Z~
 ~Æ
.

� ��öB �Fï, 7* Fï 5 &Fï OÒFj

�Ò� 
þ»j 'Ï~� �â~ panaxadiolê ' Ò�

ò~ Î"¢ &V� : panaxadiol, ginsenoside Rb1, Rb2,

Rc, Rd~ OÒF �Ò * R�º �.ê �^ VË 5

²�VËj ¾æÚ� *^�(stem cell)� ²Ëæ^�ö

B apoptosisö ~� ^�Ò¢ 6²�Új r > ®î


. ' Ò�ò Wª~ Î" ��öBº ginsenoside Rc

f Rd& ²Ëæ~ ��ö Î"¢ ¾æîb�, ginsenoside

Rd& ÚÒW jË÷£ ;Wj Ã&�V�, &Fï OÒ

Fö ~� apoptosis ;Wöº panaxadiolê Ò�ò &¦

ª� ÛB Î"¢ ¾æîb¾ ginsenoside Rd& &Ë F

~W ®º Ö"¢ ¾æî
. ��� Ö"º panaxadiol

ê Ò�ò� îÖÊöB OÒF O^ Î"¢ ¾æÚ�,

� "º Wª� ginsenoside Rcf Rdªj ��&
.

� 
þ~ Ö"� �â panaxadiolê Ò�ò~ OÒF

O^Î"¢ {�� > ®îb�, �º �â� �Úö ë

W� 'f Â�b�B �;�® 5 OÒF O^B� '

Ï� &Ë� ©b� Òò>� ºêö FÎ Wª, V*

5 R�Ïïö V� Î" &ê�«ö &� ��& jº

� ©b� �'B
.

Ö �

� ��öBº �" ;ËB 5 �;�®b� '7A

� ®º �â~ OÒF O^ FÎWªj {�~V *�

�Fï 5 &Fï~ OÒFj îÖÊö �Ò~� ²Ë

æ ��, ÚÒW jË÷£;W 5 apoptosis FB �j

&V~&
. ²Ëæ~ >º ginsenoside Rcf Rd (p<0.05)

& F~W ®º Ã&& &V>î
. ÚÒW jË÷£ ;

WöBº �Ò &��ö j� panaxadiol" ginsenoside

Rd (p<0.05)& F~W ®º æz¢ �&
. Apoptotis~

FB ÛBº ginsenoside b1j B�� Î� 
þ�öB

F~W®º ÛB Î"¢ ¾æîb�, ginsenoside Rd

(p<0.01)& &Ë Ûê�' F~Wj <º Ö"¢ ¾æî


. �ç~ Ö"öB �â~ panaxadiolê Ò�ò~ O

ÒF O^Î"¢ �.^�~ ��" ²�, ²Ëæ ^�

�� 5 OÒFö ~� apoptosis FB ÛB¢ Û� {

�~&�, �â~ OÒF O^ Î"~ "º FÎ Wª�

ginsenoside Rcf Rdªj «Ã~&
.

^�^ò
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