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AA7IA AGFESY YAFTAE ALLAE 3o
10~15%Q) Ao g2 gorh’™ QA obidEeke] AL
die U 3= AT AR APFEY A%
S ARG B B Ao AdsT b o)
g FAHY AJLANE FAE FE3I] $lste] o 71A)
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AFAA A 28 559 Ginkgo biloba extract (o]}
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AR 2H FHE F7AE Fgo] Yol,>" o
H 839 E4& 1Y o AALME 238 So A
AAES EHE 274 4 U Aoz 47E

z 573 W %8 $449 ARLAE 2Ye A
C3Hu9-2-9] 4-88%o)4 GBES) BAARTA Z0asds
A3t A3t GBE Fololl o3 ARLME Hlo] Zism
49 BAARTAol 2oMdE UFHE, & 93 7
$P2 2 7lmel GaEd o3 HuTS Wesd Solot o
Aol HE Zhkoll g Aold 2 A WAt AR
the AS Adex 9133t vl gl

7FeAol am, ol wet dAdelel $4g fdsla &
W ARERH S AaAFe2d Fg) PR E #
FA7 Aoz Adge). wiebd GBEE WA4X a9 WE
ot A ISR vIEA] X Bol5E ¥Y F Y&
Ao 7idiE. a2y A LEL AEAREL 5u)
A 100 Gy S 93] =A% ABEEA AA Y4l
A AgsHe AdF £ PAAXEA GBEY A} og
Al vebg Aol digk AT o} ER Zo] gl ol
352 GBEell Q& Foke] dRao] FUIEUSTE U4
A YA FAHoZ o= FE RFge] ST B4
229 gRFele oW WE Yol=Rd e
oFA7A Hus vl ok whekd AxRs AA, A AY
AP ZAA5Ae] 7bsd ZAoE A= A A= 3
Gys| ¥AQE ¥ 24% 7% GBE/F £34A4zA9)
Aol om FPE FeX B, EA, dHold] EE

9 GRIAANE olfelel nheaBY U AYRAGAD
)14 GBES 1% BRFe) WA= e dely] slot
o & AYE Aeigict

ChAF 2 BHY

1. dEl 58 U ME3Y

Ay FEE v)5 HAE 4Al] Massachusetts General Hos-
pital®] X ZHFAATHN Edwin L. Steel Laboratoryoll] ok
ghol Agdigta oJaoier radFad AL AEY dF
Ae &, g 9 FF Aulrl Z3old FFEEANA
defined flora colony Ae]2 4] A-LE 3 Q& C3H w}$x
£ A8k olF uhAe U4 floragl 4% Clostrid
jum (C.356, C.inoculum, Cbareki @ C.clostridiformis) g+ 7}
A gow, F7)HA HAANA =EA Staphylococcus epi-
dermidis7} WAE F 1 o2l Ao} ulg-x9] upolE]
2, upolFEZe}=n} g 7 AEL 7T YA gkt Ay
TEZ AT 10 WA 145, AFLE 2004 25 gme] vh$-A
£ Adsglen, 58 v 49THE 45 5Y vlgo]
HEE 5k

APFEE CH np-2oll4d] RIS FosiA] ofar
AAd st FFolAE B3 FAHL Ye AFSEED
tosarcoma, FSall)& Ah8-3l9ich. o] Foke wlitdtEl §Fol
U dgdegye] aast A glo] A == ey
A F9) Aga o) ufS Lk Sl A5
5 M r2ERE FEAH6A dRHer FE
ode o, AL JIE AA o] uAREHES WwE ¥
Hank’s balanced salt solution (HBSS; Gibco, USA)¥} 0.25%
trypsin (Gibco, USA)S: 4: 12 4]& §0¢ Fhelo] 158 A=
Z13] pipettingdt the meshZ oJibsle] FUZTRAE £t
Hg dglch Trypsin®] 2H8-& FA|A)7]7] H3le] calf serum
(Gibeo, USA)E 1: 1002 H7lsie] 318k & 1,000 pmo &
SR 9AEERI 45HE AARUY o] dYAEEE
Nl viability= trypan blue exclusiont]®o.2 ZAs}g]om,
o] We F4E Falo] FAsd AE FEE 4L o
10°709] QFAZESE AL 120 Gyol WANZAE ke
2X10°709] feeder cell E3lsle] HEE9| o] 5uLlo] 5
=5 3 ¥ uAFAY(Hamilton, USA)E wh$-29] $-3 3
A Z5o) o]4)3l3]ct.

2. Ginkgo biloba extract £0{ U HI[MZEA}

GBE (A7t AEz])x 24% ginkgo flavone glycosides$}
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730] 7 mmell =238190E uwl A|Fv, GBE 23] F4AI= 7
mmel] £33}7] Adel]l GBEE Foislgict.

BAAZARE AgiEa e gl el AXE A
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herd, USA)E AH-83lg3L 3X3 em” 79 ZAokz FokR
Aol &Aooz zABHch vheay wFA g Al
ANE :Ae] 753t EFulE Foll a3 FELEHE
FASEF S AR gelE GFulE ARl Yol WA
Ag zA85c A=A F T 3] 58 4
sl 37 A4S AR LERAAXE Dot &
FulE A4 UR 37T F8ee 3718 S48k
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BAAZA ¥ Y thedyE MY 2 Aol Vemier
cliper® ol §ete] kel 2AE 347 B Sk
Fodel 3] AR, Ry RIS ASelo] ke Sl v
% AHVE A,

V=4/3X 7 XRi/2XRaf2 XRy/2

ZdAAH S AL 1,000 mm'E dE wizbA| oY ZAe}
o] Hlth(semilogarithmic) graph &7l A3 & ol 5 9A
st 7} up2o] FokdA F4E FEch

i FAL A2240)NA w2 AF kgd 50 mge]
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v v F ARE Hoz aAEAt vhgse] ®
off w3k (e AXsle] A& 36TE FAA o F
Well L=A15 Aglele) AXFA A%E st FF
U LR ARE Helele] B x2AT F FH
27} sHe %ol M7 08 mme) probeP43-HF AFUsS
o} Probes] 44 Sl A okmY A1 7E Agelod
poberh 4302 A4YHES BAglen of vl AN L
ol o YFANE 57 SAstod probert sk Sl
% ¥ ot FEAA el SliAE A AN
(Fig. 1). #lo|x =Z8] 8FZA7|(Laserflo BPM 4034, 5H3t
780 mm, FAZe] 1 mmyE o3l F¢ P LA H
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averaging time-2 52 Z ]}
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4. 48T 4

BE w2 285 ol Z{HIv AT F(ear
tagys €o FAToE FEshy, 74 ¥HE GTEFE 3t
of T ¥ TEE FANE FEste] wiFen], AA ¥
o= A¥TH BAGlol FANR cageoll Yol Bt

93] PALAzAl wE GBES] EAE WHsle Al
© W=, 3, 6,9, 12 Gy A WS 2AE WA=
A 25A7F 9 1A17F Aell 100 mg/kge] GBES Foi3l & &
g3 Ae] PAE 2AG Fog o] Y Al
ek 7 Agpd ALY v v PAATERATS
9nl2]4, GBE W& 7+ 10u}e}o|glc}.

8 A=A 3 GBEQ A3 s W= A
HollAe d=T, 2, 4, 6, 84 B 1087, 19 13] 3 Gy4 o)
4 A4S =A% PSS EATS Hx A=A
2517k A 9 wis] 117 Aell 100 mgkge] GBEE Foidt
¥ BAA S 2ATH T BALE =A% FoE
ol Ade Asilck 4 ARd AT v FE
H=T, 19 3 Gy4 29, 49, 69 7 A ZARE AL
Z+zk 10uteld, 19 3 Gyd 847k A=A AgEE 12
vlel, 19 3 Gy 1087 BAA 243 AQE2 el
s3ich

dlojd =EH RFAVIE ol4F VFF FAH AW
F%2 A7el 7 mmell £28%E ol AFzgen] GBEE
Folaha ok dzT, 4 K A 493 T, 3 4
AZE A 93 T4, A 5L o AT A 23 T
o2 Wpro] 7t uhpe] AR oA A
s A0 4 1 vhtee 47 12dkeE gl

Laser Doppler Flowmeter
<—— (Blood Perfusion Monitor,
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Fig. 1. Measurement of blood flow with laser Doppler flow-
metry. Body temperature of mouse was maintained at 36C
by warm pad and monitored by rectal probe.
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5. 2o} 84

U3 GAAzAAHNAE FUAH A7 Htumor growth
time, TGT)E 2t vh$-29] F4 Z7o] 7 mmol] E23je] 4
A At E2RE ZRAFo] 500 mm'el] EdelH 2
2l Aoz s 103 WAz E B2
AY A8 F Fke] Az W Foll FEAHo] 800 mm'ol| &
23 Ao sigith. F44AA A7 THumor growth de-
lay, TGDY& 7+ whge] 349 A7 =
ZPAAT BEAS Aol2 Aelse] 7 Ay AYE
o] FFAAAAN L diF AYT vl FRIAAA
e AFoE dsick 4 Ay AYPe WP FEL
A2 Agslan 7 Az A dE=AT vat F
FAAAATIZE] Holo] tigt FAF #2142 Student t-
test®} Wilcoxon rank sum test 7=}l @3k GBES &
FHE By gsle] 4 Awkd AT FRARAANTE
Azsia A E2zATT GBE WETolA 44 39
BAE Eslo] AAR-FZRAAA A7) A iAE
Fst4ick. Multiple partial F test® 5 ZAo] EAIHoZ 9
A Aol7t JEA HFF F IAMozTE 39U
ZPAAA AN g BAAFE A& WA
AanEee A4 G5 244 39 AR 2ad
dhALAEH/(GBE W44l 39 A dag AR
Z Al

B3 WA 2zAA] GBEY A3E WHEsly] flslede 4
Agpd APTY FRAR AN AEstn FET}
Z7\3tell wiel GBECl oJgt WAMAAAF o] WHilsle &
A& BAY F slope mtio assayE F3e] GAARFT2ZAT
3} GBEM4T9 71€71% wlasla GBEd| o HAAE
H57E 9 95% A=FHE T3k

GBE7} ¥l vjX| 942 27 sl 74 Adad
dlAl 4% A4 A TF 9 TUY RGeERH F
g ZFeE AEsla AREHH FeolAY EFF

okAhg Fdsgleh. Sl GBEl 93k dF w3} o
Fe B 3 7 AT 2 mly100 gimin ofske] A
BE¥ = Fisherd) 23 SEAIYHOE vz, 24 4
F7+e] HFX)E Wilcoxon rank sum test® thZ7-7 vja
Asto] GBEll o8l dFeFo] FAIHZE uigdA w3}
sldeA &Rl

AI

oL ok Hr

oY ot

t

g o
1. 28| Y 28§ WARMZAIA| GBEQ| HE

ZRAE o]4] F Foke] ARALEE wlaH FLs X
%ol A Foke] =717} ol4] F 10Yell F7 7 mmol| £}
gt HAAZA F FoAlRY ZyHEETL Fdslgled
HAAzA S8 F oA Fulse] olFe F¢ YAEEE
Wz FYs3ickFg. 2).

AL S 3 Gyolld] 12 Gy7kAl 3 Gyd F7HAIA A%
A3 zA ARdAE FEAAA ATl WAATE
2ZAF 4= 3 GyAl 03610204, 6 GyA 12410264, 9
GyA] 24710284, 12 GyA] 427+043Y0] 3 GBEE B4
3 FolAE 3 GyA|l 07110199, 6 GyAl 1.90+026%, 9
GyAl 325+043Y, 12 GyA] 4.67+033Y0lgich. 3AEHE
Aggsle] Qe AN BFRIAA AT BAE WAL
EzAF-2] 7S TGD (days)=043XD (Gy)—1.16, GBE H
L5729 7% TGD (days)=044 XD (Gy)—0.67= el oHFig.
3). % 2A¢ multiple partial FtestZ H]28k A3} o] HAF
& ZAReE fosiA Rol7t UNR(p<0.05) FXAAA
717ke} 3ol e WANATE WAATEXZA) 9.67
Gy, GBE ¥W4A] 834 Gy2A WAANANFAEL 1169 A
o2 el

103)9] 23 wAdzA Adode SRR A7kl
BAALEZAT] A$ 6 GyAl 1791037%, 12 GyAl
3091054, 18 GyA] 4.891027%, 24 GyAl 6341044,
30 GyA]l 7.731£052%¢]9l3L GBEE BLA] 6 GyAl 193+
0479, 12 GyA|] 374057, 18 GyA] 5471032, 24 Gy

2000 ¢

. 1000}

Tumor volume {mm?3

100 1 1 1 1 1 1 1 1 1 i
0 2 4 6 8 10 12 14 16 18 20
Days

Fig. 2. Tumor growth curves according to treatment. @ Con-
trol, O Radiation alone (3 GyX10 fractions), A Radiation
with GBE (100 mg/kgXx2).
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Fig. 3. Effect of GBE on tumor growth delay by single frac-
tion irradiation. Two lines were not overlapped (p<0.05). Ra-
diation doses for 3 day tumor growth delay were 9.67 Gy
for radiation alone and 834 Gy for radiation with two doses
of GBE (100 mg/kgx2). The enhancement ratio of GBE was
1.16. Vertical bars indicate standard error.
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Fig. 4. Effect of GBE on radiation tumor growth delay (mul-
tiple fraction irradiation). Two lines have different slopes and
the enhancement ratio of GBE was 1.19 (95% CI 1.13~1.27).
Vertical bars indicate standard error.

Table 1. Blood Flow Measurement with Laser Doppler Fliowmetry

CHEHFAHI ZQFSBIXI 2002;,20(2):155~164

(days)=026 XD (Gy)+0.13, GBE ¥ &79] 73$ TGD (days)=
0.30XD (Gy)*x0.132.2 JEPL3L, slope ratio assayE A|¥¥s}
o] 2 WAAEANSAEE 11901e 95% Al
1.13~12724] GBE W47 %% HAAEIT Foleb
Z7te& JehlIcHFg. 4).

2. GBEO 9|8t &R A

GBEZ Folslx ¢ka df4E A% 2Axn A4d=4a
ot Zoke] Rk I EF Poisson £E9} vt EE
£ Jehliigel. BAALge R HE 1015 mly100 g
minQl el ujsle] Foko] HFF HFL 778 mly100 g/mine
2 9A Jehgae=00001), EF3%E 2 ml/100 gmin +7F
o8 FEAYS A% dFFY HAe A4ER9 8~10
mL/100 g/minol] w]s}o] FYZ 4~6 ml/100gminS T gk
t}. 2 mL/100 g/min ©]3}9] APFEEE B4IHl vl
stol FokolA =A Jebkeh0.5%% 5.2%, p=0.005)(Table
1, Fig. 5).

GBEoll 23t dFHEE wshk= A4 <59 7% GBE
Zoigt BAgle] UMF R vk e Jehlidx 7
AT 7% X 2 FFeAE URE, KA F
o, 14X A FoAE, 25X} 1A7F 23] FoidollA 7
7} 10.15+035 mL/100 g/min, 956+0.42 mL/100 gfmin,
10531041 mL/100 gmin, 10921037 mL/100 g/mino|3L
7+ AgFE Aoldle EAHCE A Folrl fle Aoz
VelychFg. 6). 2 SolAe] €5 £ 27 8
Eako] tlzF 7784030 mL/100 gmin, GBE 23] FoiF
9.61+0.39 mL/100 g/minE.A] GBE 23] Fojol] oJ3fl & o]
=T 235%% Holga, ol FAHLE Al St
3 Aoz WEEGcHp=0.0004)(Table 6). FEZF th=Te 7
< ¥k X7} 4~6 ml/100 gmingld] B|s}e] GBE 23]
EoiFel AS FF FHUXr} 8~10 ml/100 gmine Z 1}
EFEE, 2 mL/100 gmin ofs}e] AEFF £t dl=Te

Group No. of Thigh muscle Tumor

M€ Points Mean*S.E. (mL/100 g/min) p" Points Mean+SE. (mL/100 g/min) p
Control 13 199 10.15+0.35 192 7.78+0.30
GBE 1 1 175 9.56+0.42 0.10 146 8.67+£0.37 0.05
GBE 24 12 169 10.53+0.41 0.70 194 9.18+0.34 0.007
GBE 25 12 191 10.92+0.37 0.09 145 9.61+0.39 0.0004
Total 48 734 677

‘compared to control
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Fig. 5. Frequency distribution of measured blood flow for muscle and tumor
without GBE. Low blood flow fraction (less than 2 mL/100 g/min) was higher
in tumor than in muscle (0.5% vs. 52%, p=0.005) and the mean blood flow was
higher in musce (10.15 mL/100g/min in muscle vs. 7.78 mL/100 g/min in tu-

0

mor, p=0,0001).
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Fig. 6. Frequency distribution of measured blood flow in muscle for control and
GBE Group. GBE was injected 1 hour and 25 hours before measurement. Blood
flow distribution was not changed with GBE.

73% 52%°19 Zle] GBE 23] FoiFolde 47] 07%% 7
Z=lo] AYFF HIJ} GBEoll ool F4EYSS B
ZFSAcHp=0.02)(Fig. 7).

ok gl ZHE

Ginkgo biloba extractis SN 253 olg] 74x| AR
o BREBARAN 33 YOI $8% 2AZE flavonoids
S} terpencidesZ. AFA U3 ARl AT FolA) F2 &
Aol FHET Fol F 2 WA 347 ol Hol 8% 5
Soll E2sje] 24Azk] A Foid AFAZ FojAl
B0 nhprolAE Bl FAA B4 F 45EolA 0%

Aolol]l 3 HF Fxoll Edsle o2 ¢BA glo] &
Aol AL =4 147 A3 2542 A, 23] Z2H
Folzigleh. GBES Jeigoze A B/37L 4%
AU AYAE, HARAES] AR B HJARAD
B4 AellA, Afeeizd AAZ AT AFEH] £
A ez A YA o)F dFSII JHozE A
A, @R=AAGo2H o] v WL o|¢AFIL |
AAHoz olgd B9 IAEE =3l FFE T
AFlE A4S Sk 24, AE1e $HE A WY
AL XA die A=E AsAIE HE22A Ginkgo
biloba 200 mgg 447 A& FYA AR {7 FrRln
gl Hxe gAe] Zastn &5 EAERY {7t
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Fig. 7. Frequency distribution of measured blood flow in tumor for control and
GBE Group. GBE was injected 1 hour and 25 hours before measurement. Low
blood flow fraction (less than 2 mL/100 g/min) was decreased with GBE (5.2%
vs. 0.7%, p=0.02) and the mean blood flow was increased by 23.5% (p=0.0004).

2 HYTe) $Ao| 7&HE Aol Buw u gt

2 Aol ALs A TUG ANEET FFg olg
3fo] z9} & 5 GBES WAMZA 1A A 13] EE 25
AZAT 1AZE A, 23] B30 o] & 3 GyollAl 15 Gyt
A BAAE 2AegT. 1 AT S FPAAANNE
AY PARAG AT PP AR ERIAA A7
ARBAE 25 w5 7182719 AA9 A vehtod,
Al Aglo] 132~14499] FoRAAALTI} 9
Ao WAL i GBEE 9502 ALY uoe
ZHAIFo) sk mHA gout HALT WEAelE £
FAES) MAAREAE Z71A70] elE gl

% ThE 29} Ha $9 AT GBEol ojgh waz
$4 2715 ZPGUALHIODOZ EAs zd
|4 TCDs] 69.6 Gy, GBE 13] $oJRA)+= 67.5 Gy, 23] 5
AL 622 Gyde WA on ojz)dt AT Foh
o AALAE BHS 428 5 Y = dzFolAE
10.6%¢1 A A4E H3o] GBE 23] oA 27%% &A%
ZARE 9 GBEVl 299 ARLAE RS YRS
¢ Basigla P UAIEY S An Foko] g4
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—— Abstract

The Effect of Ginkgo Biloba Extract on the Fractionated
Radiation Therapy in C3H Mouse Fibrosarcoma

Jong Hoon Kim, M.D., Ph.D.*", Sung Whan Ha, M.D., Ph.D."T and Cham Il Park, M.D., Ph.D.""

*Department of Therapeutic Radiology, Seoul National University, College of Medicine,
Tinsititute of Radiation Medicine, Medical Research Center, Seoul National University,
*Department of Radiation Oncology, University of Ulsan College of Medicine, Seoul, Korea

Purpose : A ginkgo biloba extract (GBE) has been known as a hypoxic cell radiosensitizer. lts mecha-
nisms of action are increase of the red blood cell deformability, decrease the blood viscosity, and
decrease the hypoxic cell fraction in the tumor. The aims of this study were to estimate the effect of
GBE on fractionated radiotherapy and to clarify the mechanism of action of the GBE by estimating the
blood flow in tumor and normal muscle.

Materials and Methods : Fibrosarcoma (FSall) growing in a C3H mouse leg muscle was used as the
tumor model. When the tumor size reached 7 mm in diameter, the GBE was given intraperitoneally at 1
and 25 hours prior to irradiation. The tumor growth delay was measured according to the various doses
of radiation (3, 6, 9, 12 Gy and 15 Gy) and to the fractionation (single and fractionated irradiation) with
and without the GBE injection. The radiation dose to the tumor the response relationships and the
enhancement ratio of the GBE were measured. In addition, the blood flow of a normal muscle and a
tumor was compared by laser Doppler flowmetry according to the GBE treatment.

Results : When the GBE was used with single fraction irradiation with doses ranging from 3 to 12 Gy,
GBE increased the tumor growth delay significantly (0<0.05) and the enhancement ratio of the GBE was
1.16. In fractionated irradiation with 3 Gy per day, the relationships between the radiation dose (D) and
the tumor growth delay (TGD) were TGD (days)=0.26 XD (Gy)+0.13 in the radiation alone group, and the
TGD (days)=0.30xD (Gy)+0.13 in the radiation with GBE group. As a result, the enhancement ratio was
1.19 (95% confidence interval; 1.13~1.27). Laser Doppler flowmetry was used to measure the blood flow.
The mean blood flow was higher in the muscle (7.78 mL/100 g/min in tumor and the 10.15 mL/100 g/min
in muscle, p=0.0001) and the low blood flow- fraction (less than 2 mL/100 g/min) was higher in the tumor
(0.5% vs. 5.2%, p=0.005). The blood flow was not changed with the GBE in normal muscle, but was
increased by 23.5% (p=0.0004) in the tumor. '

Conclusion : Based on these results, it can be concluded that the GBE enhanced the radiation effect
significantly when used with fractionated radiotherapy as well as with single fraction irradiation. Further-
more, the GBE increased the blood flow of the tumor selectively.

Key Words : Ginkgo bifoba: extract (GBE), Fractionated irradiation, Tumor blood flow
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