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Abstract—This paper is to assess the effect of Adaptagen as a radioprotector in which main compo-
nent is alkaloid fraction of ginseng.

Evaluation was made in vitro and in vivo study with NIGP(S) mouse by the measurement of regenera-
tion of jejunal crypt cell and micronucleus assay to analyze radioprotective effect of ginseng alkaloid
fraction in comparison with that of water fraction after whole body irradiation.

The results were as follows,

1. The degree of radiation damage of mouse jejunal crypt cell was diminished in both of alkaloid
and water fraction groups compared to control group but more in alkaloid fraction group than water
fraction group.

2. Regeneration of mouse jejunal crypt cell was higher both in alkaloid and water fraction groups
than control group.

3. In vitro study, frequency of micronucleus was diminished in tendency for the treated groups than
control group but statistically insignificant.

4. In vitro study, frequency of micronucleus was diminished in both alkaloid and water fraction groups
compared to control group but more in alkaloid fraction group than water fraction group.

Key words . radioprotector, ginseng, ginseng alkaloid, mouse jejunal crypt cell, micronucleus assay

ef— 2 AFNME Qdite] g7t2el= £ (alkaloid fraction) & F2 %02 38t Adaptagen®
WAS ol 2z A e aFHE FR(RBE) B Ast, PARAL] A% vkl T A AE &3
2 3% 2433, vk B AURT oY AR AFR U £ AR oA AAFoEN 2 AA
HARY ol Ea R g Frstgen], 4847 dod FELe og 2o
1 mhex FALGAAESY WA &4 gz ¥8) alkaloid 28 At £44 £Y FoA
195



196 AR BB e

23 #Zastgon, alkaloid fil FojA] 1
2. vk A FRALGAAE &) HE P =24
oA F3) A3 Fekgh
3. AEBY AlgellA] LA o] §

Royt A FALAM NIt Fe AT B

a7 nAY P e
BEgon alkaloid ¥8 T4 oS dAsAh

D228 35, 19974

A stAq.
Z7ol vl3] alkaloid ¥3 Foixgt +44 £9

BYA L] FA&o] Ro} FAFE o=

4. BAW AFAA FAPI 24§ Yot v BV EE Tl Y8 alkaloid £ FoA|%} 584

£y 2o 33
o4} Aol A Al alkaloid B 584

ZAA38 o akaloid 28 F94] 92
E o] Al 23 GAH S48 AL A48 AEe

3| (repair) ¥ 34 (regeneration) & ZZ8p] WALM

AR,

Pl ERE YehE ¢ 4 Uglen, ol

E7do] vz Q' AAMAUE (natural products) 24 WAL AZ Adel AP A8 & 4+

o

S0 B o, A, A BREolE, s B

|

B

AA MRS ALde 98 &4 a7E o)
a0z FAAIE WA BolAls KK 55 Zo)
ERR7)A R BE o224 AN adE 9
WA ks A sulthydryl compound (-SH) A&
ZANEY PAEFE E oA e Heg
vt :

PHdgeiAS e NE A £ YE F 2
ARgell 93] WA HE oz U Fe 2d

Ao

ok

dtels F3 e oAE TETh A WAL
HZd ¥ dolvke YEH &L N F =
o] R3] fid, gEo] 448 o 43
AF7L Qe wolAle] AMg-E ui& Fasit a8y
AR AR e 4F FAARoAlE oAl
=40 e FFA8E FHIA R dPFHe=
283} 5ol 1A Yot AAEL vl A 40| gl
HAREH gol AHEso & ged BRELY(natu-
ral produc) €& At WAL AolR o] AMG
Ve ARE Hrtetch

AT ALY &4l AEESA BAoz s
%28 Zlo] DNA°I™ DNA &322 Q3 Rl
R, Mas# B 2 78 4% M4 ESE
A7 Jerdoh AR WelAlE ks S%
AFFATE 2 o] TFAT ukes mE
T VP2 WA 2HER AT A X
&4E BE3L o9 BHRTE o83 Ao ¥

_,mlo_;

2 AZ, olAdE S3Y

& &A% Aoz £BERGn vivo) ol 71 d=
o] &-El= Whgolth. HAHE BEES DNA &4
227148 Felsle Aoz AMEEHE HER &
MEEE (micronuclei assay) 2 I REEERR
(chromosome aberration) BIEET ¥4 DNA da-
mage? FEEE AME-EI o™ MRE H#E ik
(cytokinesis blocked) 17171 $18}d cytochalacin
BE 23 i (binucleated cell) oA ) FAEL
AR BV WM &4 A= dAIstq UE
U REEEHRR(Gn vitro test) R A£EHBR(n
vivo) &3] 7}53ith

A4te] dZ2ol= ¥ (alkaloid fraction) S T8
Aro = /3= Adaptagene AF A T2 54}
A ML FEAERHEEA, £ xRS g%
(1991) WA AFE e GBS RPo2H ¢
AATFA ARG 8 BHERBoZ AT FF
&9 aquranrt & @ ok A3, ARH(19D 5L
Zg WS RAPEE w2l AEVL AF,
&49 BANE] 35 P IPW FA Q&) B33
AASE 2ad v ok

B 7oA Adaptagen®] F8& AEQ At &
Ftgolx 8o WA Faey © FHE] #
avE 7eHIsl7] sk AR Rate ¥ HE 3
AFAN Y vk SBERER £33 % 528
ZA38}aL, vhe2 AT T BlEES A8E
W 2 A AAEe 2 e wAbd wela
HE Briagen, 2 ARE HIHESY] Add



HARY AE &ie] g Q14 Alkaloid 289 B3 B3] B3 4¥3 A7

Qatel kst 5r8l(water fraction : F2) & AME-3}
o 2 A¥e FYsiA

HR #H R Bk

1. 012 TR/ hRERAIARS KUy 181 % ER

7t.

L

=2

2t

HUESE

Z 40vi2)) 7TEEG N GP(S)vh¢-2E AHEs)
#1312 A& NIH-7-open formuladl 213 Azg
APAIEE AR 2ol F4 AFHem &4 F 571
24 poly-carbonate cage ol ¥ol AMS3ch

HIARM A}

Zzo] nle 28 ola™Z AAE cagedl 1A
AlA “Co FutdE H5E 177 GyY REX=
15 Gy ¥ B&+3tich. 2AME-%-2 Capintec PR-
06C Farmer type chamber ¥ Capintec 192 ele-
ctrometer (Capintec, US.A) 2 &% 818yt

ofr|el Fof

D Q4 alkaloid ¥¥8 5o 23AFo2RE
AT WL alkaloid £YL A 19 3 g9
Adaptagen E8%F2 TAZ do 1Y 54
mgd] ¥ 2 1% CMCol F-/A1A F4U=
A4#F<¢] (oral intubation) 3t¥{ch

2) A #84 ¥y 59
+F 1 ml 2 2 mgd AT7FA7 HES
3t Zf2ol FFetATh

dEZel 27 (3”1

D B3 BN

2) HAMARS HERR

3) AR BS Fi 150 oA FAT

4) WA RS Rl 1F5E AR 35U7HA
A FoZ

5 WA BH % 354714 %A FoF

197
0 7 10.5 {days)
(Irradiation) (Sacrifice)
L 1 J
Group | : BRBZAGRAZZARZEZRO0D0O00000
Group 11 : PARNRANRARNRNBARBBRRADBRA

Group [11 : OOOCCOOCCOCO0CO0ZRARAARAA

Fig. 1.

o

A : fraction of ginseng, [J : normal diet

Administration schedule of alkaloid or wa-

ter fraction of ginseng.
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Table 1. [*H] thymidine incorporation into the mouse spleen lymphocytes treated with water or alkaloid

fraction of ginseng

Incubation time(days)

Treatment ,
1 2 3 4

Untreated 2130.3+140.5* 6187.2+ 2738 36819+ 113.7 3039.2+ 177.0
contro}
Alkaloid - 8 469.0+ 85.7 1334.8+ 571.3 1335.6+ 912.2 1694.7+ 763.4
fraction 2 585.3+ 99.8 6606.4+ 446.5 3709.1+ 708.3 2640.6+ 2229
(mg/ml of 0.5 2706.5+233.5 12398.5+ 360.0 6755.2+ 636.3 5065.3+ 566.0
medium) 0.125 3311.8+282.8 12362.2+1123.1 7720.1+1126.8 6697.2+ 656.3

0.0313 3397.4+290.2 11702.5+ 1018 77273+ 9233 5721.6+ 627.3

0.0078 3388.2+258.6 10994.9+ 4474 6661.4+1279.9 4917.3+ 338.1
Water 50 555.7+176.4 1980.3+ 458.0 26572+ 878.3 12838+ 622.3
fraction 125 329.7+ 955 . 2039.3+1188.2 845.3+ 286.5 891.6+ 327.6
(mg/ml of 313 '533.8+1233 14695+ 249.5 2903.5+1225.1 14358+ 439.4
medium) 0.78 1781.2+ 914 5542.0+ 3154 4385.1+1343.2 4660.1+2048.5

0.195 2824.2+229.5 86114+ 4345 6328.8+ 759.8 4729.7+ 453.5

0.049 3231.3+190.7 88884+ 455 5763.1+ 553.2 47750+ 872.3

12D,

7¥3tal, 84 B8L ml 7 50, 125,
3.13, 078, 0.195 E& 0.0049 mge 3
7t 47 1, 2, 3 2 493 vl &
Aok ATR B#EE 915t [3H] th-
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$F0 2 NI U 4N Ao Hohet
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harvester(Flow Lab.) & o] &3] Ui
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counter (Packard Co.) 2 ZA3tQrh
B A AHEFe] 24 Table 19141
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o g 294 7HE & AV ART
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Table 2. Yield of binucleate cells in 100 unirradia-
ted mouse lymphocytes as a function of
the concanavalin A and Cyt-B concentra-

tion.

Concentration . .
Concentration of concanavalin A (ug/ml)

of Cyt-B

(ug/m) 15 20 25 30 35 40
1 7 8 8 9 6 6
2 8 5 10 11 7 10
3 11 12 22 26 12 14
4 7 8 22 23 13 15

W dobr WA B4 g A}
4% 24
o8 da7d I2E Avid 0, 1, 2,
3, 4 B 5 GyE A7 Rafsted WAL
95e o nAY FA4o Hzg F3
Sk YA ZAME-Fell WE Ao
uAY FNze] FEE B 37 2o
3 HAYL H 49 T w2
AFo & AP ZAMEFS % 50
% 9] A FEANEE U= 3 Gy2
23 stk 29 2 AAs #4499
BEESE Aot

o) uMAMAe] 9% Qw7 vlgE A w] Fig. 2. 937 wAe 34 dvF 234
A & A A3 miF 5X10° (&) 34 2SBANE, B) 714 1A 3%,
_]
7He) 79 alkaloid &S 0.2 mg/ml, (© =A% 274 8%

K5tk 5B 05 mg/mld] F=2 F7}
ato] zhzh WA ZARA 308 2 60ET
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Table 3. Micronuclei(MN) per 500 cytokinesis blocked(CB) mouse lymphocytes after-ray expo-

sure.

Dose Number of Frequency distribution of the number Total number
(Gy) . cells of MN
without MN 1 2 3 4 5
0 495
496
496
100 456 38 4 2 52
448 46 6 58
458 39 3 45
200 376 99 22 3 152
371 112 17 146
383 98 19 136
300 297 151 41 8 2 1 270
200 134 50 16 282
258 162 69 11 333
400 200 - 213 72 11 4 406
231 167 79 19 . 4 398
224 181 71 24 395
500 165 199 103 28 5 509
177 183 120 15 5 488
161 203 108 24 4 507
Wl Feh ¥ kiksn Gl Aol REAIA th e To
3 Gyol RRE ZrAdg A ¥ Con- alkaloid £8& 19 54 mgd ¥ DBR
A & 25 ug/ml #rste] 21A17F wRefs} EE gAsgen, 84 23L& K mlT
#2o0 Cyt-B 4 ug/mlE H7H%3te 20 2 mgdl o= AF2ol FAAAC
Al ¥ EE, BREEsl HEsch ) 48929 £F
1) A ZAET
Ll MAHAIE (in vivo test) 2) MAMAZANA 157 alkaloid ¥8 FoT
7hH A¥FE 3) WAZALE 1577 84 B AT
65% C57BL/6 oH-28 AMgstith, o) Q%7 w84 23
W) Ak 24} PAAZA B B ANE FAY ohe2e) b
ZLE MY 3 GyE BRIERME &3 3e PAUZAE FA s} di7E
AY 5YY WPo 2 okaY cagelol T ESL in vio AW FYY WP 1)

A vhe-2o 13 ANz A FYN=E FATY
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Table 4. Frequency of micronuclei in binucleated

mouse lymphocytes after y-ray exposure.

Dose(cGyh Micronuclei per cell (M+S.E.)

0 0.0087-+0.0008
100 0.1033+0.0092
200 0.2893+00114
300 059 +0.0473
400 0.7993-0.0080
500 1.0027+0.0164
BE U ER

1. 0iRA ZRANRER o4 % 3

BB/ jejunal circumference 3 449 49 3
TA(R 5) AZNEZ(2E 34 o 168719 L
o AR ZA 2 (2 4)2 o 16712 HEE o
A AR &3 W2 Ul Alkaloid
Y FAZ9 A4 A 2444 177 £492(a Y
5)& o 3670, WALM XA B T % A&FdEe
oF 3070, ZAE 35U RAZ(2E 6)2 o 33
574 Hol & A7} o9& FALGAHEE WAL
3oz RE Hishe AW XA gL ¢
T AL ole AR g FHLIA
B F2 NIHE 9 Alkaloid EFE WA
AR 1FUY T (e g HARRA gz
off vla] whatal &go] of 231 (p%0.01) E Yol
ol olg AL e wPow NS 84
Y FoqF9 BeME oF 1.8 (p<0.025) 2 b

oA s RN o

A 27¢ BY B oS HANZA A 5
A% A9 WARZAL 2T O Sk s
R (crypd) 3 7 MEGIDE O Bfrske 47
(223 5)o] BN} 24} A obA] Folo] €13 WA

B3 A%E 49 UYL PR F BT (Y
6)e B¢ BEF TAMd o8 o] gy d
Folng WAHNZAL gZ2EH vlsd FECE H
LERAoY 23 I 7 F7F Ho] o} WA
ZAF F 2 Ao o3 &3e] BT Fao] A
HASS € F U} T3 FFGA £E 2L
wgoz g of WAL EALF Alkaloid 3
oo gz v o 2.8 (p<0.005), 84
Y FAT2 o 289 (p<0.001) 21349 F4o]
Yey 2 dRES A 2AF F FAAdR 3
FAFAAEL A EFo2REY 38 ¢ F

Hash @A%e ¢ & Ao

Table 5. Jejunal crypt regeneration in alkaloid or

water fraction treated mice.

Crypts per
Groups circumference  Relativeness
(mean+SD.)
Untreated control 167.92+ 556
Irradiation control(15Gy) 1597+ 690 10
Alkaloid fraction
(5.4mg/day, P.O.)
+irradiation
I 36.30+1023  2.3(P<0.01)
I 2057+ 873 19(P<0.05)
I 3325+ 905  2.1(P<0.005)
Water fraction
(2mg/ml of drinking water)
+irradiation
I 2055+ 850  1.8(P<0.025)
1 4800+ 841  3.0(P<0.001)
I 4485+ 942 28(P<0.001)

* Administration schedule of alkaloid or water fraction

of ginseng.
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Table 6. Distribution of micronuclei(MN) in binucleated mouse lymphocytes following in vitro

treatment with-rays and alkaloid or water fraction of ginseng.

Total number Number of Frequency distribution
Treatment of counted cells of the number
1 2 3
Irradiation 393 264 102 21 6
control(3 Gy) 387 228 114 39 6
429 261 132 30 6
Alkaloid fr. 293 200 85 8
(0.2mg/ml of 360 243 101 16
medium, 60 min) 296 192 88 16
+irradiation
Alkaloid fr. 446 360 78 8
(02mg/ml of 434 248 169 15 2
medium, 30 min) 361 232 108 21
+ irradiation
Water fr. 203 144 43 16
(0.5mg/m! of 376 235 125 16
medium, 60 min) 464 304 152 8
+ irradiation
Water fr. 292 168 104 20
(0.5mg/ml of 393 240 141 12
medium, 60 min) 297 184 101 10 2
+irradiation

Table 7. Frequency of micronuclei in binucleated mouse lymphocytes following in vitro treatment with

v-rays and alkaloid or water fraction.

Micronuclei per cell

Treatment % reduction
(MN+S.D.)

Irradiation control(3 Gy) 0.4814-+0.0656 0
Alkaloid fr.(0.2mg/ml} of 0.3732+0.0305 22.5(p>0.05)
medium, 60 min) + irradiation
Alkaloid fr.(0.2mg/ml of 0.3662+0.1376 239 ~
medium, 30 min) + irradiation
Water fr.(0.5mg/ml of 0.3837+0.0313 203 -
medium, 60 min) + irradiation
Water fr.(0.5mg/ml of 0.4469+0.0403 72 »

medium, 30 min) + irradiation
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Table 8. Distribution of micronuclei{MN) in cytokinesis blocked mouse lymphocytes following

in vivo treatment with y-rays and alkaloid or water fraction.

BEHRE RBR G | $22%E B3 1997

Total number Number of Frequency distribution
Treatment of counted cells of the number

cells without MN 1 2 3
Irradiation 682 442 199 39 2
control(3 Gy) 545 355 156 29 5

483 303 138 36 6
Alkaloid fr. 977 688 240 45 4
(54mg/day, P.O, 556 423 116 15 2
for 7 days) 486 360 120 6
+ irradiation
Water fr. 567 402 138 27
(2mg/mi of drinking 482 356 105 21
water, for 7 days) 601 426 136 36 3

+ irradiation

Table 9. Frequency of micronuclei in binucleated
" mouse lymphocytes following in vivo trea-

tment with y-rays and alkaloid or water

fraction.
Micronuclei
Treatment per cell % reduction
(MN+SD)

Irradiation control(3 Gy)
Alkaloid fr.(54mg/day, P.O,,

04357400315 0
0.2084+00448 31(p>0.025)
for 7 days) +irradiation

Water fr.(2mg/ml of drinking 0.3349+0.0282 23(p>0.025)

water, for 7 days) +irradiation
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