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Radioprotective Potential of Panax ginseng: Current Status and Future Prospectives

Ki Yeul Nam*, Jong Dae Park** and Jae Eul Choi*'
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ABSTRACT: Pharmacological effects of Panax ginseng have been demonstrated in cardiovascular system, endocrine secre-
tion and immune system, together with antitumor, anti-stress and anti-oxidant activities. Modern scientific data show pro-
tective effect of ginseng against bone marrow cell death, increased survival rate of experimental animals, recovery of
hematopoietic injury, inmunopotentiation, reduction of damaged intestinal epithelial cells, inhibition of mutagenesis and
effective protection against testicular damages, caused by radiation exposure. And also, ginseng acts in indirect fashion to
protect radical processes by inhibition of initiation of free radical processes and thus reduces the radiation damages. The
research has made much progress, but still insufficient to fully uncover the action mechanism of ginseng components on the
molecule level. This review provides the usefulness of natural product, showing no toxic effects, as an radioprotective agent.
Furthermore, the further clinical trials on radioprotection of ginseng need to be highly done to clarify its scientific applica-
tion. The effective components of ginseng has been known as ginsenosides. Considering that each of these ginsenosides has
pharmacological effect, it seems likely that non-saponin components might have radioprotective effects superior to those of
ginsenosides, suggesting its active ingredients to be non-saponin series. These results also show that the combined effects of
saponin and non-saponin components play an important role in the radioprotective effects of ginseng.

Key Words : Panax ginseng, Radioprotective Effects, Ginsenosides, Saponin, Non-saponin, Radiation Damage
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A Aol ek vl B HshE o)&o whel WA
< 98, ¥, ¥ 2ok TolA thtel 8= ik v
Hol| 3 kAL 3 2| gl g WAk B ESE s
S7FEA AT (Moulder er al., 2004). o]} 7o) WAL

=EHE STk o AR Aelje} ool kel A A
H2E 5038 5 FAZE YFEI ATt (Wang, 1991; Yamini
and Gopal, 2010). > o] $FA 0} dde] WA E4
FEARLE AR gk %"Eﬁ o] AlAH R k] Q)
o] WA HEAol gtk A4lo] FoiEa Sl

o] &3} WA WAt 1‘1} ol 3} A vk & oy
g 7HAEL 7] wZel] HEE Abgol SE BE
£ JFAEE o] ]7113} (Hosseinimehr, 2007 ) AR o
UA7F ARz FrEd 23 lf 4 &

a3 F)el o] 8} (ionizing) 2Hg-l <J3] _ﬂ_ﬁﬂtﬂ_ u} 3 9271

lo

Eo] I AEIT 7217152 DNA, Tl Al zeta} 7k
'1%7(}534 BEAEE Bt AE & " ARTF AlE
o737 A=e MEAE F=3tt (Nair er al, 2001). 5
DNA 72 MEZAR] 7HE 58 2%lo] Hr} (Karbownik er
al., 2000; Hosseinimehr, 2007; Yamini and Gopal, 2010).
WAL gk AlEARe] 8 71d Fel shie DNAS &
Zste] FelE fldsle @4 kAol wAolth (McBride er
al., 2004; Moller et al., 2004). DNA7} &S RO M
APE, Z7IME & (pool)!'i] 2z, AR 71#A (organ system)
94 153NS fdsk (“) AEre] vIALM | HZEH A
Al A Ak 3 W w5 HU\VHOﬂ EE 287,
gHA, 23 FFAAFZA N 48 S (Prasad,
1995; Yamini and Gopal, 2010).
AR Aelle &g Felol webd vehbe el
EHet A7t vh=rh XLOH“ T F7F olel] HHEE F4
dafol dolnt 4 d Fol] WEE= A AR R

&Vruzr

=
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Ht} (Yonezawa, 1985). §438N= 2 875 Aol
o ke W7 s s, ashto|u; A2l
ZA Aol], 7ot Z1elRA L] &4, 2EAL &

o] Gtk WA Aol o WS

L
L

O
_?L

gro 2= AAM T FEFS vH o
wHole] {8 Foll tigh Fake] Utk
AR BIAR A S
2 Algo] AghEal 9lo] Fargo] = st
o] Folx|T Ut} (Jagetia, 2007). T3 HIARM Asje] A
35 AA=E 2871%F ol ol Gl
sk, gdF, Al
2 el
2005).
sk A AYES
g4 GFev o9 5), sk
B Aol virus B) 2EH2E o
ANzxAg B4st AN7le #&o] AUrk (Brekhman and
Dardymov, 1969). B=3F, 5541737, V4|7, | A Z2e]aL
AE#A Tl Uigh teket a5e] A weiel w2 &
o] Fj = Uk (Nam, 1996, 2002, Jia, et al., 2009b).
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24, FrE 5
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k)
Fw A0) o}FA T

5
12 Fol .
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<]

X
2 T} (Arora et al.,

o] grEny AP B
@F =% =% 5), 22l
Jojslo] Hgg A1

&

%742 v|= NCBI PubMed database (http:/www.ncbi.
nlm.nih.gov/ sites/entrez/)9l Elsevier databases (http:/www,
sciencedirect.com/)25-E] ZHZ7A] FHAE AF+=E (search-
keyword:ginseng/radioprotective, herb/ medicinal plant/radio-
therapy 5)7 QAAAE =X THANFIAE W5
¢l

R84

research reports, review articles, web sites 5ol &
Aol HRAA HG e FEHE Jd7EY 5L vigew

ekt

3} 2 gRe] WAMe] W% AalEy
220 Gk Yol AEAU web
shsh g el ofelass 1A% 7
WA, 93 Qo] BeY ATE §

9
37} @,

Lo

Ay

Ays
1. ZAKE AL

WA ] A A
A7 304 AEEE W7t gl (Jagetia, 2007).
HAM R &3 479 Brekhman 5 (1960)°]
Bsldeh vRe-2ol XA 4000 EA RYS 2AF & F 1))
47F Q4 B 2 (PGEYS Fodshd 30¢ & 4

k-4
30% Z7HE| 2L Y7 d&AHom ZARS (A

E&o]

S
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3,000 R) ratol] QMFEES Fojsld HaAEdgTt
86 1A=} (Yonezawa, 1985). Takeda er al., (1981)]
A2} X4 720RE Z2AMSE AEEENA AR 2AL 1-
294 IFEE Fojto] AEEo] 7P RO A
FAF 207 F FAFoM = A a3t QT dEE
o] whe2 RO (ip)ell 9g 304 AEES Foige
7t w2} F7telsiTh

S “Co v-d, 6.5 Gyg HAIFRAF & rReLol] 4 &
Al FEEI A8A FEES T (p)std 309 AL
&2 47t 57%, 40%= AT ZIHsIA T Kim e al.
1998a). ®°Co y-A (7-11Gy) ZA}F 30¥ 5o wWhx|ApA
(LDsooell 18t Wojaah= it ¥ HAe] & FEEC] &

SR, v ALY RIERT doladrt 7 <Rk
t} (Zhang et al, 1987). H<X Verma 5 (2010)8] vl

Agola] XAAF (8Gy)Q] y-Aell gk 30 AEEL Uz
o] 1744 25 Flon, AMFEE 10, 15, 20, 25, 40,
50 mg/kg S WA ZAF A 5Y7F AEHSE FTREYA (po)
3t Aab ZkzE 28, 43, 60, 89, 50, 45%F 25 mg FojZkol|A
M 2 AESS Bk

A, 8 Gy y-41 mhe-29] AR s A} djERa
S8, AL ATA, FE, EE

30% BTS2 30% Lt A A 47 A FEES] o

=
o (Al ARET 10mgke, ip)S WARsT) A9 #
ZE|] A9k 80%S] BEES BT (Kumar et al. 2003).

WA FRAL (BEIBE) ZAMIRR] 7-9 Gyl v #F
nhe-2=9] 30 Fo] WEAAMATF (LDsys0)o-2 AlXFE DMF
(dose modifying factor)g AR = IHFEES] WoFAE X
AbetRAeh. 14 FEoe] HALEd EE (non- saponin
fraction)©] fFedat WIFESIel| Hlg] WE&o] UA3] Tl
H3 DMF = 1312 57189t (Tanaka, 1989). H3t
A oAl AE dFQd Y udAl (acidic poly-
saccharide of Panax ginseng: APG €™ ginsan)E WA
ZAF Aol B (100 mgrkg, ip )t 749 LDspse 1093 Gy
2 Ut 754 Gy Rl 71895, DMFE 145 o)9vh
Foa)7] E FaleE M 2AF & 158 BB 3A7E 240 7F
T Hohs AP 2447 A FoivE @3 e]dt} (Song er
al., 2003).

Uukx o B HAFEH U= FEZ ] DMFs7F £ Thiol
A SHEEZ NLE amifostine (WR-2721)2 DMF 2.0 ©]

o A s adE VR AT A% RS il &
T Slo] YA 8ol ATEIL I} (Arora et al., 2005).

2. STA st Bisgufe}t e &=2k0] 315 =7
AR F)3Fof ofgh Algke] 2E7]A] it 543 A R
At AAEG 5 ZE AER) (Finch, 1987), A QW



AR ZoHoil Chet “a2qelae

S A3E A (Adams, 1984), DA A AL (Gale et
al., 1990; Lee et al., 2005b)Z AR =ZF AlgolA
A2E AT

Z8AIE ME A (cell turnover)’t L] wizo] 214
oA AR 7 "IZkeE 24 9| shieo|BE HwA

A el G4 WA MEE 9P W) ol 24
AT Y A28 S B ohjet H4AEe] e B

M A7 dojdt}d (Whitnall ef al., 2000; Hosseinimehr

et al., 2006; Zhou et al., 2005).

Abghe] - 7 Gy HEe] AR =AM ot §4
7
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3 Aby
33
ol

&
=

O 1.

e 2T @5 U, T, 92

o =
A3 At} (Takeda, 1983). ©]&=

71334
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=
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<] ok

ot 4 N

Eas
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=4
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S S AR R Y
oS st 298 BN, IFe 2AEH
ol Fauro]

Z= T} (Tanaka, 1989).

T3 QA FEEC] I S XA
Fo] (2mg/mouse, ip) T A XA FAF &
Q20 T4 F ZERAE (CFUs)e B4 ATAES A
SIME (megakaryocyte)?] B|E-0] FXE| 3, = g
1) Edo] A3 ZAaEAT} (Yonezawa et al,, 1985). ©]2]
g ARz Qo] WA ZALel CEl S4E dast AAE
220 )5S sl 2ES WHFOEN FFAE
wolsle B3E vehdtke 218 AARIIT ZFA12 vl
Algellx BARD 2AF (1 Gy) 24417 Aol APGE F7HeE 4
T IR AEE STtaHE AFE oA, ARG
Fosl= cytokine IL-12 FHE Z7FE ATt (Kim et al,
2007). E=3F APGE EZHFASIAL 2407 & 5 Gy yAd& A
AZAL 34U T ukero] FFEAE i txReol vlE) 3
A8l F7HEATE AR 9] Fuhe-o] thxtol] s APG
ot (100 mgke, ip )y v, Pz, +3 F47,
A Z-ojaMz JEEPME (GM-CFC), RIFAZ, F

22

=R

=

¢

P ol

=5A 2
T2 #7F STHIGT. B3 APGE 28715 Sl dadh

WA cytokine?! TL-1, IL-6, IL-12¢] A4S H%3}3, Thl

A2716S 7N 22 AP 9% (6 Gy, y-ray) PH-
2o G IMFEEC] &5 AT AENES] EE '
IE AABRE A8, A4, I &3] felatA F
7IN71E &3 #EEJT (Verma et al., 2010).
3. HOUIs9| WOl 9t

WA 8% (Radiotherapy)2 €] #8231 X EWoIAT %
75 et W7s AAet e HAE-S st &
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=23t
ool loja WA BoA|e] spES g Fosith o
Al aminothiol A ¥/J31EE<! amifostine (WR-2721)0] v
= FDAS] 518 ol kel Wb @3} 3iobsielarny el
AZRTAZ ARES Yvh (Santini er al., 1999). Z#L}
amifostine® A12HgF 24485 7EAAL Qlo] YA ARg-o] Al
k=L It} (Arora er al, 2005; Rades er al., 2004). w2k

A F2Rgo] Ao AR frefe] WAK] BaAe] slde] 7
S §

WAPd o 2 QIgh &2 Foli] AN E e 28A &3¢
URlo] o] Wz P Yol Mg dodle WY oA
288 fregith o2 <ls)] WAMI HFE F22 WA
o ol thal] A& AOT|A Kalal Fol o]=27)
T} (Pecaut et al, 2001). wWebr] Z2EA| X} HAM E2] A
Agel olgk AN Ee] SE-L AN AL & Sl F
238k %S St} (Zhou and Mi, 2005).

olate]l £&A EAHTA “ginsan”CE HHEE APG

(10,000-150,000 Daltony= AL zA223) A X524 a7
£ 7K A ok AR ofe] Jhe] R (sugar moiety)
3} uronic acid, TPE (5% °l3HE T AT (Lee ef
al., 2009¢c). 3] “ginsan”?] HAFTHEAVL FEEIL v
(Kim et al, 1998b; Shim et al., 2007). APGE WA E
WEA Fol A Thi-type (IL-2, IL-12, IFN-y)3 Th2-type
(IL-4, IL-5, IL-10), pro-inflammatory cytokines®] mRNA
S Feshs ASARA ZHE eERSITE vl 2
S AAl 2AFSE] 2447 Aol APGE TS -9 7t

AzAbl o8] A" v EZSL] Thl cytokinel IFN-y
mRNAS| T&AE 3 EAATE B3, APGE T-HXZ19] 7%

A e FEAR o, AR odes BETIA
& g
T oA .

k-0 7 Gyl AR AR 244)7F Aol APGE Tl
o B AL 3 10ARo v E 4 (CFUsyH
5.8MA 8372 &7kt (Kim ef al., 2008). ©]v] uf
21’3 CFU-S¢] 3 F7kel Ak RH3AE A gh vhe
o] AEEIE B2 S /AL ok Ao KAl
At} (Kinnamon et al., 1980). APGS] HWHFATS HRA}
A GE ZAF iRl HlE] 50% o442l DNA &4 74
3= BT, RN RS AEARE tEE 17.0%, APG W
PR 11.7%2 AZAPE dA8] ZAaHAnt =3, APG
oA AAMEL] NIAAE F2 5 S8 o)
I o] APGE WA AL mhg-Zof| A A Eeb n7gA]
2o € A AGAEY 4 FHe} 71%A 4SS
A7 53E B el ZARE Q1E WA /i
fgk 2 THEAZ AAFEATE Han er al, 2005a; Kim
et al., 2008).
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4. 2312 HYMITO| 4 HY &7
WAL AL S R 53] gl g ¢ A
A B B3] Lohte] A5 RS AT el )

AR 2NN 1S Fs Aol 281 ke 34

AYEET} W 2O WARo] ¥gste] Akl ol g

T4 A= ols %F e &AFe Sukslm o]® s 9T

WALA F5 [gastrointestinal (GI) radiation syndrome]e] 2
AT}, Gl 3578 28Z25 Wl 7 Ake] WiapAg] ¢
3l F=% (Hosseinimehr, 2007), =& S3° 2= 9434
28 =X =, A 71, A8BA maAe, TES A
A}, e s iﬂ@ﬂﬁ] 24 EO]E} (Somosy et al., 2002). &
whg-o] z7]e veht 13

*a (CYYP‘[' NS AR W
ANAzA sfo] A ER o]LFH T gt

R

=9
=

7ato] AP gk
(Jagetia, 2007).

Kim et al. (2001)2] A543}, “Co y-rayol] gk
A Az AEre dHFEE T (50mgke, EAL
36 2 O1227F A 28] ip)E AR ©E AL Eﬁi:f""ﬂ
3 35~87% S7kslSlvh. adAde] MEAL (apoptosisy= <1
FEE FAR 24-41% ZAaEoH, YAK A S 3
MFEE Fof FolMe A FoRg aadt Aok
g g3 Agd Akd Bz gelx DDC (diethyl-
dithiocarbamate)e} A< t5stdth B3k 13 Gy X-AS
A 24 A FAFEE TR A AlEgo] ofF 1.59)
=785t (Sin et al., 2007).

S14&E (70% ethanol Ext)¥ Re, Rd, Re 52 77}
50 mg/kg A AR AL A 36ATHE 124]7F 28] T (ip)

oA Al AlEe] BEEF A EAL Tiﬂé}oq Boart <l
HEPon ;OLJJr* ArFEEo] 7P sttt (Lee er
al., 2006). < 82 5 (2011)2 Co y-A HAZAF (7 Gy)
nhe-220] 2% Wl tigk APGE] E3FAell Al APG H]F

2% &

vl

¢

gr? :5

oS A% A g5 (vill)e] Zol7b oA &%, 4
G Az 3 ZHae Fo] AFEASU APG FolellA

p
i

g0] o]/l Aol agA AEe] JEgo) F71

ATk APGE] Tl = AlZAPES AAIS= Bel-2 &)
7 (anti-apoptotic proteins) Z&o] F71E 7 A FAVH S E71
k= p533 Bax ©HYE (pro-apoptotic proteins) $HE- 7t
Easi=

5. SAReR REElE L AEYIA9| B0 23t

ol 2P S A AFY] AHE TTHIA AEY
s 2E#H2E dOA DNA &4 o AxAls feg
o} (Lee ef al., 2010). AL Tt o3} WAL
A 3 do R8-S st fralsh 24 Aass At
(Hosseinimehr, 2007). ©|&|gt A ZF 02 0E {275 A

2k
5l
5

S
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Ao m=MA WAL ofs) FEEE o] 7] AeddE W
ojg 4= o} (Verma et al. 2010). Q14+e] ilks) g3 &
gk A 2 A gk B A A=l A E
ATt (Keum et al, 2000; Kim et al, 2002b; Kitts et dal.,
2000b; Zhang et al., 1996).

H 5 (19982)°] “Co v-A (6.5Gy)e] Al ZA} whe-2s
AelM F4ke] Al BEE (200 mgke, ip)t 2873
BIE (200 mgke, p.o ) WAM FAL 2447 Hol TG

J

Az, 7F AAIEHE (MDA)GHEFS thztoll B8] zhzt
17%, 11% Zra3stith. &ak3t &492 SOD, catalase,
glutathione peroxidase A2 TiZ2ol] HIE| AT FolF
o] 2z} 24%, 10%, 13% S7slslth. A8 #ola Folt
SOD &4wvto] 12% Z7tatsitt. aiksl 221 glutathione 3+
g A Al BEEF A8 BEE FowolM 7
26%, 12% S7Fetact WA 3% vl AEEE 4
FAEY B EH AEA TS izt Hlete] zhzh
47%, 30% 7ttt

AEEES R =4} 247\] 7k Aol B (5.5 mg/mouse,
18], ip)d u Zvkd 6 GyE Al A $ 2194 vl
A (Bl)e] dakstasa (SOD, catalase, peroxidase)&4]<]

Astel AAIste] Asg drlste avt AEEA
(Kim er al, 1994). H- Q3] 784 58S 95 59478
Fo (25mgkg, po) & & “Co T 6 Gys ﬁ/ﬂ ZA}

g R AFA QIR izt Hla) AEgo] &
Z¥etar, g9 9 7ke] A HAts} ghke] 7hast 7k €9
% glutathione ¥F%= F7teldt)h (Verma ef al, 2010).
OCo y-ray (4.5 Gy)E HAZAL 2447F ol ginsans FJ
(100 mg/kg, ip st A3} w20 SODse} GPxo| aig/do]
Z7ke 3, WA ZAYE HO (heme oxygenase) 243 NP-
SH (non-protein thiol) <] 71 (oF 1.58) Z7Hy7} #&ts
T}t (Han et al., 2005b).

6. DNA &2 8i0] U S01810] 2l|Sat
AR WA eES AR QQlo)AN 8] A7) &4, W
A%, DNA ©d 52 o)]F A& 93 59 DNA WHS

fregheh ey B EE DNAT GA9A o) 4=t
iz &9 Wo] ¢ g fdsts HWHoR oo Hr
(Hosseinimehr, 2007). M2 EIx}t @ X5 Cytokinesis
blocked (CB) lymphocytes]oﬂ A AIE A& (micronuclei:
MN) & ZZ4 S H]—/\]./ﬂ _4£ a=3 ”ﬂ ].o],* }\] 7].35@. bg—x?_]j
o7 o]8% 3 At} (Fenech ef al., 1985, 1990; He et dl.,
2000). ©] & (2004)2 Alxd Bt i (Catena et
al, 1996)2 o] 23413 (Mn test) A5 2o Y=
T (PBL) 1, 2 Gy9] YCs yAE @E e 4
MN Aol &A8] Skt ot <1at

=

o“l‘*‘

25 2o ¢

=}

= ‘FE



AR ZoHoll Chet “oeqelMe| ot

rE T oFH O ZAaHUT HEo] PBLY 2447 F
et 2,000 pg/ml FE HFAME MN Aol <3k AlEf-dst
A Jads WHARRA eol kAol e AeE HIHE
t}h ole} o] Gt B FEEL VYCs b ZAtel] o
Al gxgdel LS Wolshs Bsol in vitrool X
Ze At

E/5F AlEZS FA7] (interphase mammalian cells)ol 4]

MNEAS AR ZAlol] g JaA] &4 A8 Hrishe
AEA R o] gHY (Fenech et al., 1985, 1990). ZHZ 1]
2 A7) 20 s s Cs A FEL] MN A 7HA
FH7F RaHAT (Lee er al, 2008, 2010). &} o]H g
ZE5S A iR AE3 in vitro 2EATIT in vivool A
a2 AHE8E 7 U A A FF It FHEoF &
Aoltk, 3L, vk FFAEL AFXFAA ginsan (MW
2,000 kDa)?] WA A} Fx154000 High RS g At Bal
=Tt (lvanova et al.,, 2006). 27 A A 3087
1529 ginsan T (100, 200, 300 mg/kg, 13] ip)d+ A}
TE R84 MN PCE ZARI=7 ZHAF ).

2o “Co v AL HFol A & FEET GEE
ol RIES A TS A3 3 (uhE)e] Ae] He
2 23S BRI Kim er al, 1993). WA ZAl )8
FEse v 9279 A8 B Rl 94 Qb B FEE
I ARl BEEY] HAAHR ZaE BHArh it &=
FEEL A BIAR dEf7 DDCY f3jo) AslE W
AR REads Bk Egh QaF vEE S (G DX e
CHO (Chinese hamster ovary)-K1 A|3ZF ujFA| HollA] 22
A (UV) A2 £49 DNAY 38 88 X8k &7
7} =} (Kim and Choi, 1992).

e folr Ky

7. MAIN|EZO]
23 T

SORESE

o ol 20t

T A EE AP FEel] FoFslH, WAL
AA3prkslel Al xuke] F3de s
Pande er al., (1998) WA ZAF (8 Gy) 30440l <14t
& FZE (powder form)yS Tl (10, 20 mg/kg, 497}, ip)
g mheaE AEE] WA S7F (FIET 30% HiE <R

ot 80%)2F WAL ZALR Q13 w8 XA EL] E4bT) A
TR AAE o= AL AASAT

ek (8 Gyys ZAKSE ph-8] vEA oM = A A2t
3} (LPO)} AHdE29FEA] (Acid phosphatase: ACP) &4
g4 SUtela 47y EXATERA| (alkaline phosphatase:
ALP) 42 Agteh= Aol AFEATE 2t BART A}
A AAFEE FALY H$+= LPOS ACPE A33la,

ALPE 37132 Wtk (Kumar er al 2003). ACPE &
2F Wl SAIsh, MAS BlAag o] AAIISE f

FahH, ACP &4 S7k= i 9] vl ek
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ALPE AlE8] A4t 3 2 A A Ae Hofsi=
Aoz deA|aL Qi
2 £d9| 35 5T 29

2 (hair follicley> ¥rARA ol u-$- qItshy, vlws 4
Fe] AP A eBME AslE Wt o] WAk
H Al ZARERL N g BRI AT Bl (medulla of
hair) A 255 43R 2 PAR Falle] shitel Ax=
olgd &+ 3t

PiCs 7 AL A owkee] o] B FEE
e AT o @ w DNAVE @EslE Alxae] 7k
of MEALE SAlStE B3t #EEHUL, ©eldo]
FAAES] Z7HE Btk B8 FEEY o AR
e ARt 54T S a3 eltt (Kim ef dl,
1998c). &, P92 Rig 7]l YkollA] ginsenoside Rb, 3
Rgy7l 9% &7 35 B Matsuda et al., 2003).

<2 @5 AF (hairless mice)2] A} (UV) A
gk B tis] B4k FEE B IREX A

Zrol] vjs) i 5] N A5 FF LA Ha

8.
o
=
8

N
Asho)

o W
kY

oy OF o
HE ol Hr

fo,

IS

¥R HAS AAATE AHE BIAT (Lee ef dl.,
20092). B4F FEE0) 23 UV H37]4L DNAo &4

FE fa7le] aag e EoR B8 Bl 27}
b o Qlate] FET A2 At

Welzdslsd $EE SR 99 Aow oA
(Lee et al., 2009a).

Qlpio] YIARMZIOl 8BS g dRa ZZ2I|1H

1. Hl GHAIEEZHAIC] YARM ZFofl B0 &M MF

Takeda et al. (1982, 1983y vh$-22, A=, 7|V E o] &
3l FEAIFA AMNFEELS XA AW 9 AELe] =
7h E2FAIE Be B 38 3 5 Ak Bojads 2
ST olye T35 vehlle i HAREUA o
gobgA whA  (heat stable protein) -2 PR (Ei=
HEI=)= FGEAT) (Yonezawa et al., 1981, 1985). 53]
A Thlde) Qi F SRS BRRE EHre &
AR (xylem)oll, vstETHE 2 (FiR)ell, 2813 4t 57
A2 AERIe] vty F=re] [AL (WER) Boh
sligo] =} (Park er al., 1988; Yun, 2002). H=gF Qlibthy
A @YE)N XAot b 2AF vRe2e] AEE T
(Kim and Han, 1985)9} DNA <&4ko] wojol 3] &2 §
# (Kim and Choi, 1992)7F 1o & ©d F8ef &
g Ao} FEF F2Ee] WA Uk (Kim and Park,
1988; Kim, 1990).

0Co yAS

e

A ZARE Rzl Y 2% BEN

e
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Table 1. Radioprotective activities of ginseng and its components against radiation damages.

N § q
Ginseng Dosage' and route* Dose Test Effects and Mechanisms Ref.
components IR (Gy) system
Ginseng S25R 1 blood forming stem cells (10day-CFUs)
2 mg/mouse x-ray . Yonezawa et al.,
thermostable X ; mice T megakaryocyte counts
fracti (immediately after IR) i.p. 650R 1985
raction eray) | fecal occult blood appearance
Acidic Moo 1 viability of bone marrow cells
polysaccharide Zz(ilohn;béi?(/)rbé\llvﬁ) i S(OFaG;/ mice T 1L-12, MHC class level Kim et al., 2007
(ginsan) P ey 1 CD4+lymphocytes proliferation
. 100 mg/ke, baw. 45Gy i b.one marrow cells, §pleen cells, GM-CFC,
Ginsan (24 hr before IR) i (rray) Mice circulating neutrophils lymphocytes, platelets ~ Song et al., 2003
P vray TIL-1, 116, IFN=y, IL-12,Th1 function
. 25 nglkg, bw/ day, p.o, 1 ery’Fhrocyte count, hemoglobin, hematocrit in
Ginseng water : . peripheral blood. Verma et al.,
(5 consecutive days 6.0 Gy mice . . .
extract 1 glutathione levels in serum /liver 2010
before IR) . o
| lipid peroxidation level
. 100 mg/kg,b.w. . 1 restore mRNA expression of cytokines (in vitro)
Ginsan (24 hr before IR) i.p. 4.5 Gy mice 1 restore Th1 T lymphocytes function (in vivo) Han et al., 2005a
. « Mice 1 endogenous colony forming units (CFUs)
Ginsan (1(1) ;ﬁfﬁ;}gf& hr IR i 72066!* - ESCA, 1 proliferation and recovery of splenocytes Kim et al., 2008
P Y _Comet assay) | apoptotic cells in splenocytes (DNA damage)
Red Ginseng 50 mg/kg, b.w. 12 Gy T&C: 1 jejunal crypt survival Kim et al. 2007
extract (-36 hrand+18 hr IR*ip. 6.5 Gy “ESCA 1 endogenous spleen colonies N
1 jejunal crypt cell survival, WBC, lymphocytes,
Sun einsen 60 mg/kg,b.w, mice neutrophils
extragct & (1 hr, 12 hr, 36 h before IR) 13 Gy JCA T Weight of spleen and thymus Sin et al., 2007
i.p. | ALT (alanine transaminase) , AST (asparate
transaminase)
Ginseng 70% T&C: 1 jejunal crypts survival (PG’, Rc, Rd)
ethanol Ext. 50 mg/kg, b.w. (36 hrand 6.5 Gy ESCA 1 endogenous spleen colonies (PG’, PD™, Rd, Re) Lee et al. 2006
and Ginsenos- 12 hr before IR) i.p. 20Gy sl ontosis | apoptosis in itesinal crypt cells (PG", PD™, Rb2, N
ides pop Rc, Re, Rgl)
assay
mice
-Crypt 1 crypt cells survival
. 10 mg/ke, b.w. 7.0 Gy regeneration | apoptotic cells in the intestinal crypt cells
Ginsan (24 hr before IR) i.p. 2.0 Gy assay | level of pro-apoptotic protein p53 and Bax; Park et al., 2011
-Apoptosis 1 anti-apoptotic protein Bcl-2
assay
1.0 Gy HPBLs*** e .
Ginseng water 0,100,500,1500, 2000 2.0 Gy -CB MN | MN yields in HPBLs (concentration-dependence)
. . (no cytogentic effect on HPBLs at concentrations  Lee et al., 2004
Ext. powder  ug/ml (24 hr before IR) (ex vivo assay
o up to 2000ug/ml by CBMN assay)
radiation)
100, 200, 300 mg/kg, b.w. mice | frequency of MNPCE (dose-dependence)
Ginsan (-30 min, +15 min IR)* 1.5 Gy '(i":';o‘:fzay 1 MNPCE 'Z"S(r)‘gva etal,
ip. | PCE/NCE ratio
marrow)
Mice
GWE and GWE:2.0 mg/ml of drinking - jejunal crypt -, .
. 15 Gy assay T jejunal crypt survival .
Alkaloid water 3Gy -Mnassa | MN in spleen lymphocytes (DNA damage) Kim et al., 1993
fraction (AL-Fr) AL-Fr: 5.4mg/mouse, p.o. 4 (spleen Y P ymphocyt 8
lymphocytes)
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Table 1. Continued

Ginseng Dose® Test"

+ + :
components Dosage' and route IR(Gy) system Effects and Mechanisms Ref.
Red ginseng 5.5 mg/mouse mice . 1 Cu/Zn-SOD, Mn-SOD, Catalase, peroxidase .
Extract (24hr before IR) i.p. 6.0 Gy - Eﬁgz(;l fraction of 1 level of malondialdhyde (MDA) Kim et al., 1994
mice 1 DPPH radical scavenging activity
Ginsan 100 mg/kg, b.w. 4.5 Gy - homogenized 1 Mn-SOD and catalase level Han et al.,
(24 hr before IR) i.p. =Y ¢ Ieengtissues 1 glutathione peroxidase (GPx) mRNA level 2005b
P 1 SODs and GPx transcription
. | Radiation Sickness
Ginseng Extract10 mg/ke, bw 8.0 Gy mice . | acid phosphatase and lipid peroxidation Kumar et al.,
(before IR) i.p. - testicular tissue . L 2003
1 alkaline phosphatase activity
Ginseng water 0f3d ng{(mouse or 2 mg/mt 20Gy . T Number of medullary cells in the hair follicles ~ Kim et al.,
extract of drinking water 3.0 Gy mice | apoptosis of medullary cells 1998c
(before IR) i.p./p.o. ’
at | apoptotic cells
Ginsenos-ide 0, 2.5, 10, 20 uM 20Gy intestinal epitheli-al T Akt phosphorylation Tamura et al.,
Rd (-24 hror + 1 hr IR)* (cell IR) P | MEK pathway 2008

IEC-6 cells

| ratios of Bax/Bdl-2 and Bax/Bcl-xL

*PG: 70% ethanol extract of whole ginseng, **PD: mixture of ginsenosides Rb;, Rb,, Rc, Rd, Rg;, Rh; and Rh;

*** HPBLs: human peripheral blood lymphocyte

*#k% CBMN assay: Cytokinesis-blocked micronuclei assay
MnPCEs: micronucleated polychoramtic erythrocytes
MnNCEs: micronucleated normochromatic erythrocytes.

¥ Amount of ginseng componenet administated

* Route of delivered to animal: i.p.= Intrapertoneal injection, p.o = Oral Administration(Per Oral)

$ Dose rate of irradiation exposed to animal.

" Type of subject for the test. ESCA: Endogenous spleen colony assay, JCA: jejunal crypt assay
# + or - indicates the administration time before or after irradiation, respectively.

WA Bl A AlE SellM ISEE (70% ethanol
ext)Z 71 ginsenosides Folwtoll A Woladrt AAEH S
v FE2E 3 ¢ 989 (Lee et al., 2006). &=
3t Zhang et al., (1987)2] A4t BEH WAbd 24P AES
HwAM = ALEY BEERTE Apke] & F589 a3t
T8kt

B$o] ginsan® 2 HHE 14| APGE AR AL PR
ZollA Z5 g MM RN 2d 9 WM XS] FTka st
(Song et al., 2003)2} WA AR AslE A4 MEe] &
ksl oAl ~HEle] 24d (Han et al., 2005b), A&}E IFN-y
9] 3|85 FA3MY (Han et al., 2005a). 3, APG= ¥
AP Z2AF uh-220] DNA &40 315 13} M| XALe] 737
Z8 Axe] A =X, A9 Ee] 75e Fe e
BATH (Kim et al., 2008). ©1#g AFE 538 APG= A
A wolEdR AR 7FsA o] AR ginsand 14 &
FEE9 e B84 FIEERY A o] B3
AZ o (1 — 6)glucopyranoside®t B (2— 6)fructofuranoside
7F 522 (molar ratio)2 4% Her EAFE 2,000kD H=
olt} (Han et al., 2005a).
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sl e gzme] 2% AT (BC6 cell) WU
Bal] p-HZARR fEsE ATAR] tE GRA) o] 2

to o

Eae 2 33 2871do] BAHAY (Tamura er dl,
2008). &1} ginsenoside Rde] ©] gt in viro HE]ET =

(2.5-40 uMy7} in vivoollA 2 st AEE Frt @ 4 9
ZRIAIE o5o] oftth. divksid = 4t

o

o BPE A

Aol 218 438} ginsenosides?] THARA7F ol &<
ol ofgE WSy d#A 7] wiiolt)h (Hasegawa er
al., 2004; Bae et al., 2004; Lee et al., 2009b).

ojelMel o] Qi F&E, F= £E
2% 718 ginsenoside 55 ©o]&3% 4
q

59 485
Fo oRl@gRoR el AT 4R (

EN
Ol

B H 8 Zleg HAESH 53

& WA A

sidesE X3}
o

¥714

%, Za]:ﬂ. {-f—,*r
ArollA] 1A
ginsenosides) &

= Q2] B F&E 13|y tH EE

-9l triterpene dammmarane
of B, ©@id, AE =, oyl
e EgEolth vl M £ FEE F

ginsenoside S FEshH A4t AN REF
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-
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=
<3
AR
2. Q1MO| WARM WSHR JIFD} HISOINQl MF| Kfat
¢ a2

A

ShAPdell sl e &g A (ROS) A4
9] Aksle) whild A3l DNA 7he dutat 3%k By
e FEstd FEH02 AXEAE ST (Nair et al.,
2001; Yamini and Gopal, 2010). ©]&3l o2 HE MEE

Hsl] fEiA MlEE ROSA tigh shiks) wojr =8 7}

AT gort A =E2 ROSTE F7FsHE Wl A2
2 Fg719 I RRE AEE Bed 5 g "Jrh Qi
e ARESE AL AEIA, WA 283l ¥
A7 T BFela et k22 UERAT (Attele er
al., 1999; Nam, 2002). <14+e] vhekel ofz|sha] zhg-& 3k

g} &3 L8] AFEe] ATt (Lee er al, 2005b; Attele
et al., 1999; Fu et al., 2003; Kitts et al., 2000b; Kang et
al., 2007).

Aatel &rke} 232 Ao w {e7] &7 B Sl

EE Aoz ditks) a4e 84 SriE B3 wldsHE
Aoz BAHAY (Kitts er al., 2000b; Kim et al., 2002b;

Zhang et al., 1996). *13te] AR B3 71de] shve fE
7] AR MEN Ak 4] Sl el mizfE=
RAOZE AAZCE (Lee et al., 2010). WAL FARA ginsan
2] SODs, Catalase, GPx2] 74124 (mRNA level), &
Wz Wy 484 FVMIFIL (Han ef al., 2005b), =
g o] Bl F93% MEel CFU-S (Kinnamon et al,
1980y A=ste] 27| AT F4& FA ket Hdd W

AR REEAS 712 Alo)EF1el (IL-1, IL-6, IL-12, GM-
CSF)e] A S7He T8 A Be @48 3 st}

(Song et al., 2003).

2 7k 3= 7l oA ZHgof 7191€ e
WA 224} mh2ao] A7) Al Ao Al EAPE ZAARA
ginsan A= AZAPE £31 whlE] p537t Baxo| IS
olAsIAL & AlEAPd el Bel-2o] EHE ST
(Park et al., 2011). ©]9} 7o p53 93 A7
2L B3 WA frEe AEAPES dAlske Ao F
BT webd 240 AR W] gL B Bl f
S} G AEAR Thde] WH S5 AZAFE R chy
e Aol 71918k,

3, A AAE mjFA RN ginsenoside R WAMA
AR AE PBK/AKt] Asde Aol @43l MEK
o] BgAst, aEa AlZAbE Ao $83% 9EL ke
caspase 422 A T AXZAPE S WoldlFe Aoz A
AER} (Tamura et al., 2008). Z& ©]#3 in viro A

e A EAVE

R

| ginsane

S

294

- 22

H7t in vivooll X 282
s

g AP 7
topoietic system)
Zfste €T
(Verma et al., 2010).
T F A= 719
S % Alstels 571 Folth
a3 YEARe] Al ZAPE It gzt
HoyAle] Agtoz okslEn) (Whitnall e al., 2000).

olo] 14kl WAM] HE 2hg-2 HY Z2dakgd] 711
Ao R AAZIG AN AEES T-H2e) B9 |
ke Z7k3 AlolEFIRle] WA F7F (Larsen et al., 2004;
Liou et al., 2006; Rivera et al., 2005; Takei et al., 2004,
Yu et al., 2005), AAASNAHE (NK cell) (Kim et al., 1990;
Hasegawa et dl., 2002), 573E7] AlZ (dendritic cell) (Takei
et al, 2004; Kim et al, 2009)2] EA43= fx3ith L3
A (Akagawa et al., 1996)2] SIS HIESE T2
Mo ©24% (Kang et al, 2008; Kim et al, 2005)3}
GM-CSF 98 7} (Chen et al., 2003)9} 9% &3 (Lee
et al., 2005a) 5o Bt

ginsan WAM ZAL vhere] EAg, YE £3 3%
T, GM-CFC, Ul ZFA3E 529] F7F, 287]% 359
293 9L = IL-1, IL-6, IFN-y, IL-12 Alo]E7}ele]
fri, Thl AX 715E 4 A7l 2371 Aok (Song et
al., 2003; Han et al., 2005a; Kim et al., 2007). wWebx <l
ahe] WA Who] ke i 2 AR WYl S &
o &) 71:1E g Hol F3oh

SHH WRARA L] RS A| (radioprotecting agentsy= (D WFARX
R A (radioprotectors), @ ©FgEA (adaptogens), @ T+
A (absorbents)ZA] FAMY 3 (PCs, Sr, PPu 5)9
TE Wolsks oAl T3 ol AA 3aFoE FRE
(Nair et al., 2001). A B3A|lE dubzlog (7] 47
o} 4 Fo3%F (donation of H atom)S 7FZ Sulthy-
dryl compounds (Cysteine, Cysteamine, Glutathione, WR
21270 718t ABAIERA E7, 4, He] R3A|lEo|t}. of
GEAL AAWAM BEA| 2 T2 #-85Fe] WA B
SHIE Wi elal sAdo] F8] WAL {7IA|S] HRHA H]5o]
2 A&geEs AsAZITE (Nair et al., 2001).

Brekhmann¥} Dardymov (1969y2 <14te] 2]-3-d (adapto-
gen theory)s AgataA] 1ol 7] EA <1 of &% AA|
H|5ol3 A3k Frfjol] 71913k Zdxatirh. A-8-4x(aptogen)
o] FHIRZCBA 5, HEo|F, =i, A et =
24, 318H], B2 Ao thste] BA AEE FoiA
A A7 AE A5 veille 54 59 MHIRdE

=z O
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HIAKM ZfoHofl ChHSH 10249l

A BIATE (Lee et al., 1984). L 5L Q4te] A4 /1A
3 ATE Fo WA e Q4] A (Coon, 2002
Nam, 1996; Kitts, 2000a; Scaglione et al, 1996)3} H]E-0]
A WY Z0A4e KA 94 Aol e PrEd s
28 (Jia et al., 2009b; Kaneko et al., 2004; Nam, 1996)
0|23 Thokelr k)R eEe 29z EXy) 2 Kty
Zot}.

o]#]3l WollA] clite]l HARA B x1—£L7] =
dEol fel7] AR Wl ks Al
Zazeo] Mold =7} 28-S E31 HRAA ) ]:H6
3} 2 38 3 28-S ufRale] dEEE AoE A
o, e A REEA AR PET 1 B
F Qpalol @ HAz Hol 9l

E

X r\r 0

2

Z

i,d

5

Z] o
i

]g@r uuw ° 0]7}A§§1—oﬂ
A2y F2ol sheltt. WA 4 e
=o)7] S5k e 85 AAe A 50"4% OVo
AL F8f olFoA gk ey Al =
AR BEA|e] 248 3kl §4e) non-protem thiols

d Ak EHE0] o] AEe] BS A
AL UR= Lt (Weiss et al.
2003). "WAKD B Al diitEe] avtel i 2k v
of 3 Algo)] AdHT Jorg gyt et AEA
94 "/Hzﬂxﬂ 7H‘?:_}°] WEAL vk Ad A7 AoE Bl
§t TFe] okg2lEo] AN RedAdS T
LE] Aok (Bahga et al 2010)

[e]

2 001'

_Iﬂ of
3
ol

%1-/\%

59 —er 5

episo

(S e

ﬁ\_

]7(]—.1,]— qul xﬂ% 7n
< X3
%er (Qi et al., 2010) JE%L]—
A= vl AFH etk
?ﬁ} X}%?.} 32} (n=32)2] A%

T/Tse] H|&o] thzrol| Hls)
stE] (T AR vol Ao Bsawrt
t} (Tanaka, 1989). A-g-d&A} (n=50)2 &
WAl SR FEo] (5, S5)E 53] B
B &2 g#7} ok (Chang er al, 1980). &=
(nasopharyngeal carcinoma) ¥:4F2] WARA }_/\}9}
FAF SRS WEsh A3 AP o A9 W}—L
3 Yxde] NK, LAK Al X8| A% F7tet HA7]
Ao whabdanie] Ra-e-g AAsks et

=t (Xie et al., 2001).
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‘é‘l—H]—zﬂi}ﬂ E_z017]E1—zﬂ ]— H]—/\]_d
L]—F/}IHE’_ (Kim et al, 2002a), 4&A} (8,
A S)YE UGS E g PIAFAA (n=40) 53]
5}1]'401 Ho| Sadhe MRSTAS FolsHl AT &
= BAY (Jeong et al., 2010). T=3F A4t ghi Akl 4
AR kA AR o3k 28715 sle] 35S
Z315k= @371 1At (Onishi et al., 1990; Hisha et
al., 1997).

H
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Z
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[¢)

2. 25 Ut
HIAMA B S A9 AEsk
o1 AT WA w3 22 A 22
3l o] 8 713 HIARA HE A= o}F
Aol Hlleya] %ol gL, Tt ]
27 A37le]l Wy Be) WAzl R ReA} ik
(Arora et al., 2005). AZAlA slikd B s}ehd A
=0 %1}\]%4 XJL /\UHO]_Oﬂ]jr o])\]— %_4 _,_Q /\T_;_HO
ATk, o)2id WelA E4o) g
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=
Al
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T (in vitro, in vivoys 53l
024 FR3 F7h AH BEE]
ol WAyl Ao 24 (@, IR, 24
angal, w3 5)el ST AEA oA % sl A
ML Bat ol st BasIlet. eh} avbueld 3
s PIERT heithstEizhe 540l Adl girke W
o4 L tigke] B 4 glra o,

pil = T
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3 ERY RO ROl T AR 5 Hed
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HEo|v AR 44 EU¥ ginsenosidess

o] AREE AT 53] o) g0l g AR JéOl E
TR ekal g ARl FEE HA e Wil =

o] AFAY gro ofglgo] o FHrt Qlake Fed (Li et
al, 2010y =2 7FHE AEEF (Choi e al, 2010)7
2 2Ao] Aolatal itst = 27k loHZ (Jo et
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