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The Effect of Ginkgo Biloba Extract on Hypoxic Fraction
of C3H Mouse Fibrosarcoma

Chul Koo Cho, M.D.2®, Chun Ja Yi, B.S.?, Sung Whan Ha, M.D."?
and Charn |l Park, M.D.”

Department of Therapeutic Ffad/o/ogy”, Laboratory of Radiation Biology, Cancer Research Institute®.
Seoul National University College of Medicine, Korea Cancer Center Hosp/'raf?), Seoul, Korea

Purpose : To investigate the effect of Ginkgo biloba extract (GBE) on hy-
poxic cell fraction and metabolic status in fibrosarcoma (FSa |I) of C3H
mouse.

Materials and Methods : Fibrosarcoma (FSa |I), 6 mm in diameter, growing
in the right hindleg muscle of C3H mouse was used for estimation of
hypoxic cell fraction using comparison of TCDse. Radiation was given one
hour after administration of GBE (100 mg/Kg, i.p.) with or without priming
dose of GBE (100 mg/Kg, i.p.) given 24 hours earlier. Radiation was also
given under air breathing condition or clamp hypoxia without GBE as
controls. *'P NMR spectroscopy was performed before and one hour after
administration of GBE with or without priming dose of GBE.

Results : TCDso/120s were 81.7 (77.7-86.0) Gy when irradiated under
clamped hypoxia, 69.6 (66.8-72.5) Gy under air breathing condition, 67.5
(64.1-71.1) Gy with a single dose of GBE (100 mg/kg) given one hour
before irradiation, and 62.2 (59.1-65.5) Gy with two doses of GBE given at
25 hours and one hour before irradiation. The hypoxic cell fractions, esti-
mated from TCDso/120s, were 10.6% under air breathing condition, 7.2%
after a single dose of GBE, and 2.7% after two doses of GBE. The results
of *’P NMR spectroscopy were as follows. PCr/Pi ratio was 0.27 = 0.04
and 0.40 £ 0.04 before and one hour after a single dose of GBE (p(0.05),
respectively, without priming dose and 0.30 + 0.02 and 0.71 = 0.04, res-
pectively, with priming dose (p{0.01). These findings indicate that the meta-
bolic status is slightly improved after a single dose and markedly after
repeated administrations.

Conclusion : GBE decreases the hypoxic cell fraction and improves the meta-
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bolic status of tumor, probably by increasing the blood flow and delivery of
oxygen and nutrients, resulting in increased radiosensitivity of tumor.

Key Words : GBE, C3H mouse fibrosarcoma, TCDso, Hypoxic cell fraction,
3'P NMR spectroscopy, PCr/Pi

M E

FYFRE 7 B AAH GRFF| FEA

23 H9, ATl HE JFE P Ak T ¥
S5 Fo] Bl A4tz AEIF A7A S, o
AZE PAN, 55 A LET A6 distel,
Fdol F2E AL Hs) PAA B4l 25 WA
3 89 1 2 wa, WA PAM AR ¥ Yolue

ThsAdol ol WA X3 dde] Fa 9de] gk
AEFEH JAY JAFLAME AALATY v S
°] 10 WA 15% H=EY Aoz Az ded"?, o
2 MitaAEd gt BAA Xge] §8&E oy
ste} matx2 W (hyperbaric oxygen therapy),
I LET #AKd X8y, X8y, ANLAE wA
A wzA (hypoxic cell radiosensitizer), A& o] &
8to] FgATole] A2FTFE Bole WY T Be
Ag4 2 A d7Eo] AlsEo] gon, o] o
of g HA& wHo] o] A Zak AFolc}?,

Ginkgo biloba extract (GBE)&= ¢F 500 d &<
FFAA 1A Ha 2 7]#AYG 2B AMEHO
Son, MFAE e A 2 HRAsd g
& azde 23 YE Aoz U4 AW =,
GBE ¢ elztgo] thst ATE ol Agslo] o2
2hg7) o] Blwd A4s wax ot

GBE 7} HAM A2} BE AMEA] Fdo pX
Ede dA7A 2o uprl glod B A7 F4
of Alg®l C3H vh$-29] MR{-8F (fibrosarcoma,
FSa Il) & 2¥& 3§ 44 GBE @5 Fojute

£ BojAl wAbN gEoE =AM Fo] HlE HA
& Qed®, ol
29y "HFo] Z7}Eo] F

I

wztd, C3H w29 H{&F (fibrosarcoma,
FSa ll) & o]&3te] GBE Folo] W& ZU{4A}
A% Foka, olZ2HE GBE o o5 AL HY
tﬂz‘g}.?—_ Qo

=

9,
ol
sl
ta
=
©
<
2
24
N
ol
oL
A
o
g
tlo
o
oo

st Zopu oAbl WBE EWFOEA GBE
0% FRALZS WA A4 Fohel A1 AR

2 wslnx 2 A8 Adshack

2

CHah 3 &gy

Zdrd 9 Fgol2o AT W&
oln] mmg v gleme ! zghE ok, W
BAE (Boston) A7} Massachusetts General Hos-
pitat &) 22¥FAMA I Edwin L. Steel Laboratory
Al Hokitol Aguistn ouiuiet GATFALW WAL
AR dAFael FFFEHGA  defined flora
colony JHj2 WA AEHD gl C3H whe29
C3H plezor] AAdAE o] FFolalg B3l #7
i 9leE AESE (fibrosarcoma, FSa 1) & AH&3)

sk
2. Y014

dAdZgZHE A (single cell suspension) & H
2% AX F=2 B4g F 1,000 /e dAES} A
A Eke] whalA (120 Gy in vitro) & HH& 2X10° 7Y
o] feeder cell & &3t wAFA7] (microsy-
ringe, Hamilton, USA) & wl$-29] &332 28
ol 23t} ol HEEY ¥ 5 gl 7t HEE I
Atk o] T 10 do] Axsled Aol 6 mmol] &

gale W 492 Agsis



— J. Korean Soc Ther Radiol : Vol. 13, No. 3, September, 1995 — 207

op ﬂﬂﬂ%
‘ﬂ‘i L]'T A
v 7 3F A ok EH T GBE
(Control), #l 1 & GBE 2
Fo AAE AP & (GBE-1)
24 AZF Mol 1 3] Fogs}
(GBE-24), A 3 & 24
1 AIZE AEA) HALE
e A¥2 349 A
Algstgdon, =
7t AN £8& #
R, 4 TEHE 0:1"‘1: oTi sto] g AEE
%&Hi Zsto] wj gty o, A
I BAgel T2 cage °ﬂ Hoi wEEA T

4. GBE 9 &0

okt I
o &
£
o o
= ¢
& flo
> e
oo Flome SR o

N
N
O(AJ
™
k)
©

ol
l,
>,
&2
rlo

oo by

oo U o 38
Hoto Ho ¢ oao

02

Aol A9 GBE = FA3AL A7A QAU 2ET
ZRE AFegh GBE = %“%401] 3|
29 AF A2 (kg) I 100
1A Aol 1 3] Ee 25 \Eis 7l 1 Az
2R 2 3 FARBIET GBE &= vh$-2olA
W FodA] 45 gix] 90 B AdiaxnE Jehys
o2 4#A o, A BE Al 3% GBE
o] yHE Fojyt gastnz wabd 2AL 1 o Ao
priming dose & &3l thA] 1 A7t Ao Aa} Foidt

ok
5. HWAIM ZA}

Agiatn e gedtsdd MY AEEE
Al ZAR7]el Cs-137  rradiator
I,Shepherd, USA) & AR&sksich. WRabAl
3 cm AV|E

(Mark type

FA}= 3%

ZUFAAT FrHog NP on

FA AWEE= 24T A3 Qo) HNEELS B3 45
o}

~
oo

cGy ok me-sE wpEHgle] mAo] sMed o
Fod mAst FIAAEHE FAEEE L
ol ARbe] gl “**W" ZAEITh 194
A2 e E Fdslr] skl wbes AlF kg 75
mg 9 pentobarbltal (F9)A%k Korea) = w33
WAl ZAL 3 2 Aol zol':"-r]—r E FHEH
Arkdt 0]99 @6‘401]*15 whE §1
23 Ao
H718
.%_

[s)|
H

lom$l4m
:Lomwmg

ol

g
ok} \%I
] _&
R nd

}.

MEHTCDsnz0)2f A& -
2 3] BAste] FYo

H]—}\].}d 3 /‘]-

OBt
02
M
0
13
=

4N g

AP S |ogit analysis o] &3t} 41E3}

HAAESIO] AE : AAARE LS AEdts Ee
clamped tumor control dose assay W& ©]-&3td
AdstAnt P o] Axbgdel HFFAL w2
},

Z{ ,ﬂ_i}\ﬂi%@j — e[TCDSO(Iest)*TCDSO(cIamp hypexiall/Do.h

oJ7]1A, Do.h = mean lethal dose in hypoxia;
5.4 Gy for FSa Il o]t}

7. %P #x17|2Y 2HHAMHC'P Magnetic
Resonance Spectroscopy)

C8H vhg2ae] & wrgd FSa Il $%L2 ol43t
o} % 2717 6 mm o =EEE W 2 HAE

Al &t

““X}7lim7l7l% oA HEATA NMR A+
Aol Ax1% 47 T/30 cm Biospec MRS/MRI system
(Bruker, Switzerland) & AREFSIEcH, FHAPERHE
vk 29 o] whg FHale] AlFEke]

Solenoid & A Rl 24 (silver wire) &2
Al WHAel 1.0 cm HA F ¥HE Fdof vHEAL,
29Ae} YAty FHFErE Zhz 200.215 MHz
9} 81.037 MHz oA U= 502 o o|FA¥
(double tuning) ©] H=E FA3 33 JA3T)
Z2d)® nte-~2 A7 30 om, 4.7 Tesla MRS 7)7]
Well ¥ 237 (spectrometer) o A3t =}
AFA S (static field homogeneity) = 2 4A4&
o (water proton resonance) oA BRAJI} 243}
Ay, ¥p 8% 2w (acquisition: parameters) =
B4E 5000 Hz, &8327] 8 K (digital resolution 1.2
Hz/point), H27+A 22 seconds, BA% 40 us, 8
=4 (acquisition) 1024, AA] HFAL ¢F 38 &/~
Ay o At Axpr] T4
B PCr/Pi ], PCr/(Pi + PME) ¥], PME/ATP H] 2
PI/ATP ®E F3bsich

3 =]
sHEDo gD



208

— Chul Koo Cho, et al.: The Effect of Ginkgo Biloba Extract on Hypoxic Fraction of C3H

Mouse Fibrosarcoma —

7

2 81.7 (77.7-86.0) Gy °l}
3t F7] FAA HAMAS =AM
5) Gy °litl. GBE 100 mglkg
17F Aol 1 3 FAG FoAe
5 (64.1-71.1) Gy 24 ti&T
P° ZAMG 1) o HlEte tha

Aases, GBE € 2 3 Fo¥ Afds 622
stoitt (Table 1), =
Z

3] A P =
3], GBE & 2 ol EFAFUAIEH
O] Zzae 233} 95% A&
tou 2 GBE 2 3] Folof wE ZFokx|fulaba kol

w}
Bz E3E FAGHOR Fessch

A
SER

2ro]

THHA

2. MitaMZREo| ME
HellA @2 FEAFRALZFLRZRE AEe A

Table 1. TCDse Values and Estimated Hypo-
xic Fractions

o . Hypoxic
Group | TCD50(95% Cl+) fraction(%)
Radiation under 81.7(77.7-86.0) (100)
clamp hypoxia
Radiation under 69.6(66.8-72.5) 10.6
air
GBE 100 mg/kg* 67.5(64.1-71.1) 72
+ Radiation
2XGBE 100m g/kg~*  62.2(59.1-65.5) 27
+ Radiation

* Cl: confidence interval

= Single dose of Ginkgo biloba extract (100 mg/kg),

injected i.p. one hour before irradiation

« Two doses of Ginkgo biloba extract (100 mg/kg),

injected i.p. 25 hours and one hour before irradiation
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Table 2. Effect of GBE on Metabolic Parameters Measured by *'P MRS in Mice with FSa |l

Group Pcr/Pi PME/ATP PI/ATP PCr/(Pi+PME)
Control 027 £ 0.04~ 125 £ 0.12 126 = 035 0.12 = 0.01
GBE-1 0.40 = 0.04 1.08 = 0.06 092 = 0.16 0.18 = 0.01
GBE-24 030 £ 0.02 1.38 = 0.1 1.06 £ 0.06 013 = 0.01
GBE-25 071 £ 0.04 099 = 0.1 051 £ 0.02 025 £ 0.02
* Mean * standard error

GBE-1 ; Administration of GBE, one hour betore measurement

GBE-24; Administration of GBE, 24 hrs before measurement
GBE-25; Two times administration of GBE. 25 hrs and one hour before measurement
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twice 25 hours and one hour before measurement.

=

GBE £ 24 A7t 74 0% 2 3] 91® B3 390 =4 1 A " Fad
002  zatEnt 2 o) A% 278199 (p>0.05), GBE & &3 24 Azt
(p<0.01). £ 1.06 £ 0.06 °ollevt (p>0.05
PME/ATP ¥l dlxFdlA= 125 £ 012, GBE Ao 2 3 wE Fod 9o
E A 1 AR doll EAg 49o= 1.08 = 0.08 2 gz vl 40%E JAx
p>0.05), GBE & &4 24 A7t Aol T3t H9of PME/ATP B]$} 8|58 S-S B3
£ 138 + 011 2 gi2Ty 2 xo]E molx ¥t ojAake] AslellA F% A7
E} (p>005 _LEM GBE & 24 Azt 7tAeZ 2 3 st} FAN diAPGE} tha
A$oli= 099 = 011 & dETo v 21% 24 A A FoAAE Y2
zgz Zjuokiiv} (p<0.05). A7y 2449 2 3 WtE Bl
P/ATP Bl tizxFolAs 126 + 035 GBE & & ATk

209



210 — Chul Koo Cho, et al.: The Effect of Ginkgo Biloba Extract on Hypoxic Fraction of C3H
Mouse Fibrosarcoma —

0.8

0.7

0.6

0.54

PCr/Pi

0.3

2 —r , . _
CONTROL  GBE-1 GBE-24 GBE-25
Fig. 2. Change of PCr/Pi ratio by Ginkgo biloba ex-
tract (GBE). administration. Vertical bars indi-
cate one standard error. Control means the
group without GBE admiristration; GBE-1,
GBE administration one hour before measure-
ment; GBE-24, GBE administration 24 hours
before measurement; GBE-25, GBE admini-
stration twice 25 hours and one hour before

measurement.

 #

Fgoll AMRATI} EARHE AL F2 F
SEFS QAo @ APdA FRRAY T, A
AEFINE EATTE AL 2 LA Jx Aol
oh F%e ARl weh Sehiel wAdE W
Fzo Ao THA Az THE AFA AW,
Zgd pH 7} vobd 7o) wagyol gastel”
diel §wot =@A” Hdw Avlel AL Tl

2\4.,

olFolx|7 ot ANL&ALI} A7IA B ole@
9 AU S ALl B A2 A9
37 omA WSl H@ AEAE WA HE2

AabaaA o] Aol R ARAEE % 37 A%
Hro]l Fasith FUN Azl S WA
AgAduel Fa dlolgta L ofd, °l& I&
sto] AR AR AAE EolEw ATt AEHA
geon, NFE B AN WEE JNEdy] A%
w=o] EE A&EHIL ok WAMIS BEAIEA
FdUN AdadETre dEjHor A=
o7z lev, ZA st B9, (1) 2t

Ao ZANA ALTFE A Fo FdEx
(chemical modifiers), (
A A2E Fol odvh OIEITJ WHES
NG A7 WA G oA ARl e
o= Qstd A gy AHEHEA ZIa 3
Zoh) &A3te AMLAT BRFIME
ATFS /NP EN YA iSO
Aolx 30 ¢ ARE o] Frh Ak
zon) d@Rse d@aEA 2= (vasoactive stimuli)

45 oZ
22 o

s
8

of
o

\oE
I R (P

|

o oa wee vex gorz® FAIYEE
BN BHEE T 22 RS ALE
o2 ZFgy FFFE ITMIA FED 58 3G
Y gazze g@dd #3E@se zta AA goF
2, AL oPNA FFEE IS AR A
PR AHgoRE TR AFFL AWHoE T}
A77E olgh 4% SRbgel] os 19 oAl AHE

g o|¥AA ﬁé

[0
Q
2,
o
o
N
°
> X
2L
Jol

5. O

2 7750 g AETe) ¥¥xe] Sl 7
Aoz AzAn”. 18 AgAd AHEHE TX
e Ql hydralazine o 7ZA9ols 238 FU
g2es AR 10 WA 0% B FFo FE
AR E8S AT 100% 74X F7HA1717] dEel
obA|F o] urApAe] thet eAde] TUE ZIgishkr] o
#om'® ol A& HZo] ¥ Fol YsME F
WE T FHZo oA 44 WA perfluoro-
carbon emulsion ©] AgwrE folFiA st FUE
W AAAA TG FAAA AR e 2
& Z7lA7Ig e BRaEe] old Tigt B

Zgm oy F%e FHo w &3 golst
Abaeslel ekgol wig- Aol cly 2k

2 olg) AT sty A3 WA YA %7
Y2 ¥R 555 2§ LA vEhd

carbon emulsion 2] Eﬂr—a— U}-E 1o F

=]
@
=
C
o
=
o

9. A A8 o SIS AEE J*JM%Q} 2
r+, oF Ale] RAgom ALSE WAFUS 3
Slste] MERG} ojglel, RAEE EY BT

E‘i?% Al okAl 9] Aol ZrErt
B A3 AHEE Ginkgo biloba extract = ©]7]
& A7) ARE FFA 7wz B3 71@3AFG A

29 ALHe fon =93 TPAF H|FEF AMT



— J. Korean Soc Ther Radiol: Vol. 13, No. 3, September, 1995 — 211

Aol =
Ao Fe I4 2HE Aew®, 3
Al = 2k-go] 79l gla ol9] of2iag 7]xo] H
S A R €
Aew AzEn.

GBE ¢ <Fejdr4 zg 71de 24 4 72 v
T A7 5 9ok AR, Y, AW % 2AE

lo w2
P
ek
u
o,
2
e
i
N,
off
4
o,
3, olN
o
)
2
=

2
r [
L
ol
ok
X
jaied
0%
2
2
o]
i)
4
30
o

2o AP2AREL S} HFL FANUT 60
o) ol GBE 200 mg & 4 YEY AEHOE
Folgg w, Fole] WRRFI} F7hen

it
N g

ot Y7ol @eyo] gagon,
fold) =AW} EFFe] Sotetn A3
Zage AU BAE, g2

& ol O
& 2ee 23 9l

2.

Bk

b~

E

o,

oo st

et et P

-4
1
ol
m
Lo

o [=)
FFTF (neutrophil) ¢ 23Y3le} 4}
Ao otz weha, ¥ANZ WA 9=
o Fogg wl, thxle] tlAEo] sjXE
gt 9J3t die FolE TolErhs ARES 2A
O AR, HAANT] dARES AT,
ARAGEASY FellE AAAZL AAE, A
iz ogt MEute] &£ wolsE A g
B8-S ztm glth Superoxide So]&g AA
o Y| EA olddAe] M E EHESLEN,
g g9 ojgg ANYY,

ey
ot oy

N

[o3

3

.{

]

o
ru:‘i
B
o

B
K
Y
2 off

)

4y St I 32 b

GBE o #UBFl AL Fgl Palel o}
B3 b o, B A% BAC M98 $9Y
B9 o83 U¥olA GBE 7 WA o7 F
HAAQEAE 2 FNGol FARAR, ol @
A W FERe 37 A0S 7387 9
GBE o oI@ FEAFUAMTe WRE By
NRE FRY AMLATEYe] W NHHY
k. GBE 100 mg/kg & 2 3] Fo8a YA S =
A B TP e ZEARPANTY gast B

< FEY ARAECA wrpAE
10.6% ©l ¥l GBE & 2
AVEE AR 27% & FHAE i
oM FFN RIS
GBE ¢ ¢feixtgoz v

Z7tol olsh AVRAMEZEH] 7LF 3

Tu
2 ]
1L
L3
ofN
02
o £
gk
=
o
lo -

o

ox
of
ob
rir
oL
T ot
2
rir
02

= Y
B T
e
jiac
to
>
ey
1
R
o B
fr e

o
o &)
i
=i
30,
<

o
[
A
jinss
to
)
i,
B
o,
ok
rir
o
L
rlo

N
02
=
>,
B

el 3712 AW FU F drks Al gou,
Bl Fhone
ol

o) 4T FF L 1 AEE 79

= Alxet g7 HEEATE (clonogenecity) &
Ztm 7] WjEol FR ALEQFE A SAYGn
M A Ee HFHAYTES wddvdn B 4
7t itk olo] HiBte AAE WA XEEHE ol &
3 & WpfolmE HIALM AR FW £ WA A

¢

3 Zylo| el AaRsh F71 9 olo] we A
2AEEHe BAE BYHOT FIY F 3ol A
Radzel qagysde) dste aRHer vy
tha B 5 gtk Ed, ol @ AMsMEEEY 7
2 QAL T AT TGN BFRFY Sl o
& 2z 2 JPE wE F1E AF FAE WY
& A3t 22 AE ZaE F, Yo
Beto] Azl @ Agyde] wel 2 Ao g2
o] Holm glom, I 1 Wo] HGHely] w
o QAo Y Hgsle e 22 ofgfol H
W}, o]yd HellA, wE ZAwHol A o]7]
= X, nlEEAE n Ao AH HEY 4 Yo
o QAT URES FAHST Y= H, PC £

A Bl= oW HzA 2L xzuye ZLAL A
A e #AR|FE BREAWel FFE LA

1981 d Griffiths %-©] Walker 256 carcinosar-
oz @ AN Hgoz MP Hxp
2R ol g3ty Fohe] trEE &
AgAold, wy A7 £
ixbdele] W3yl Als &
i A

A= AstEol, ATP & PCr 8 B5& 7hashi,
2714 ¢latEs AMP, ADP 2 PME & 57134,
ulel ATP/PI ®lE Z4dA HE

PCr/PI Hl9] Zhao) ol8) uvehi= Z4e] vz A
gol AstE o] Fol AaLALEHe F71E 9o
natE= Zolw, Foko] =7)7F 100 mm® oA 500
mm® o2 AR AAzHATEHe] o 12% oA
66% 744 Z7tedks RaHUg® 2 AgdaE



212 — Chul Koo Cho, et al.: The Effect of Ginkgo Biloba Extract on Hypoxic Fraction of C3H
Mouse Fibrosarcoma —

GBE & Fogd wa}, T AuaAEEH o
Z79 106% oA GBE & 2 3| ¥4 27% 77
Zastgen, ojf *p xy|Ty RFEAH 9
3 PCr/Pi B]E 027 = 004 o4 071 = 0.04 &
7k, PCH/(Pi+PME) HlE 0.12 + 0.01 oA
025 £ 0.02 2 Z713k9i o™, PME/ATP Bl= 1.25
+ 0.12 dA 099 = 0.11 2 723k, GBE oo
o3k Tk uiAbdEle] EHE $HE 5 ek o
b 2ok WWEHA p:{% wWakadol thah kA

B AR oo U Hzo Aolgka A4zHo
1tk & Adgoxe GBE Folo] w2 FUXFuA
Aol #EE #Fsta, A7ldA FEA ALBAME

& AEdto] AR dig AeAol SUHHE &
?_16}052‘11, ¥p ?’5—‘11}71%’—“3 —E%’—Er@,‘?-ﬂ% o]-&-8to]

ZM: 71% ﬁ“%‘ o}‘ait}. FlelA dFE GBE 9 o
g4 B viel 2ol GBE £ ¢ TzIaAHY
Agks g, A el 2ese] AL o
7171 Brhe mﬂ?A HEAE STMA H=E
NRoeN dRFe S7/MI7I7] dEd FIH
z2e] B4l 2 RRE] A PN EANE F2
BAHE A AR JiUEH, AT WEA8A
A WA ZsERE 7IHE 5 Ae AR A
gt w3 AR AR AEs] fAsiM
T FFRA tHf& BT} Aozl
4 Aok @vhe o] dpAolnh. ¥ A3
¥ GBE Fei7t vhe-2 97 R ¥
el mAls gl A APl TEFRAAM
g g, BdEAd due
B ARCAY, g £ i
Ag Reg Argrh
i

o)
O

J
mﬁ‘:n}i@
o L P =

o

o]y & £ d7F ZHI) GBE 9 FAE Aiti
AZRE 7AE B3P L, HE AFPHez EF
F 27t FA4sA agod, MR dxr13Y B3
BAHE ol&sle] Ty diAldEle] 348 B
22 olol ofgt FME] WAL thF Al
Z71E up$-A9 fibrosarcoma & RYEEZ sle] el
ok T8, AR EE BREFA }01] 9ste] 6 W
2 750 N YEEZ GBE £ 2 3] 9B Ro3td o]
o EE A4HBosy A4 JAHEA WA x|
9} GBE A9l o823 ZAE ntEEETEY

ATl olel7t slek.

2
=2

T

C3H vl¢29 H{F8FE ol&sled GBE Fod
o3t FEAFHAI B FHN AMSEAZEEY ¥
3t 2 P "zl gy BRI od Fg diat
Aele] Wzlel] st Addse gdy 2.

1) Z9A AR d2TdAE  69.6(66.8-
72.5)Gy, GBE 1 3] FolAl= 67.5 (64.1-71.7)Gy, 2
3 EolAlE 622 (59.1-65.5)Gy 241, %A xe] wt
AR gt A4S GBE & 2 3] FoiA] A3
57}%}“1:}

AGEAZEY L 2T 106% °Ie
o, GBE 1 3] BojAlE 72% 2 tha 7AEEI, 2
3] FoJAl s 27% 24 dA5 gastdh

3 p Eﬂx}ﬂwﬂ ‘i—%‘i—ﬁ a3 273 1 A% A
o] GBE &
iﬂﬂﬁovﬂ 24 Azt 2
A tAPEEZ EAEA SAFHATH

REFERENCES

1. Moulder JE, Rockwell S. Hypoxic fractions of
solid tumors: experimental techniques, methods of
analysis, and a survey of existing data.. Int J Radiat
Oncol Biol Phy 1984; 10:695-712

2. van Putten LM, Kallman RF. Oxygenation
status of ‘a transplantable tumor during fractionated
radiotherapy. J Natl Cancer Inst 1968; 40:441-451

3. Hirst DG. Oxygen delivery to tumors. Int J Radiat
Oncol Biol Phys 1986; 12:1271-1277

4. Kleijnen J, Knipschild P. Ginkgo biloba.
Lancet 1992; 340:1136-1139

5. .Chung KF, Dent G, McCuster M, et al.
Effect of a ginkgolide mixture (BN 52063) in anta-
gonising skin and platelet responses to platelet
activating factor in man. Lancet 1987; i:248-251

6. Gryglewski RJ, Korbut R, Robak J, et al.



10.

13.

14,

17.

18.

. Pagonis C, Tauber Al,

L T,

— J. Korean Soc Ther Radiol : Vol. 13, No. 3, September, 1995 —

On the mechanism of antithrombotic action of
flavonoids. Biochem Pharmacol 1987, 36:317-322
Pavlotsky N. Fla-
vonoid impairment of neutrophil response. Biochem
Pharmacol 1986; 35:237-245

. Heiss WD, Zeiler K. The influence of drugs on

cerebral blood tlow. Pharmacotherapie 1978; 1:137-
144

E2E, O|&Xt, StMa 21 19l Ginkgo biloba
extract 7} C3H vl AH-559 2HAAA A

PIAE G g ees A 1995 27:482-489

2|, FHW, st4E 9 1 9. AlojFRE 23
hol=sh WA Wg WA FF 27 AE
Edpol wlAE Jue] B AT, hHLstI A
1992; 24:109-124

. Ha SW, Choi EK, Park CIl. Sequence and
time interval in combination of irradiation and

cis—diamminedichloroplatinum in C3H mouse fibro-
sarcoma. J Korean Soc Ther Radiol 1993; 11:29-34

. Suit HD, Shalek RJ, Wette R. Radiation

response of C3H mouse mammary carcinoma
evaluated in terms of cellular radiation sensitivity. In:
Cellular radiation biology. Williams and Wilkins Co.,
Baltimore, 1965:514
Howess AE. An estimation of changes in the
proportions and absolute numbers of hypoxic cells
after irradiation of transplanted C3H mouse ma-
mmary tumors. Br J Radiol 1969; 42:441-447
Etéi% oY, o EiE 2 42 54 42
- B Fo) A phosphorous metabolites?] 3] £
q]d adenosine®] &3 : gFololAel *P NMR
spectroscopy & ©] &3 B4, £317] 1993; 23:207-
216

. Brown JM. Evidence for acutely hypoxic cells in

mouse tumors and a possible mechanism of
reoxygenation. Br J Radiol 1979; 52:650-656

. Guichard M, Courdi A, Malaise E. Experi-

mental data on the radiobiology of solid tumors. J
Eur Radiother 1980; 1:171-191

Cohen MH. Impairment of red blood cell defor-
mability by tumor growth. J Natl Cancer Inst 1979;
63:525-527

Warren BA. The vascular morphology of tumors.
Int Tumor blood circulation; Angiogenesis, vascular
morphology and blood flow of experimental and
human tumors. HiI Peterson ed. Florida: Boca
Raton, CRC Press, Inc. 1979;1-47

. van den Bogaert W, van der Schueren E,

Horiot JC. The feasibility of high-dose multiple

20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

213

daily fractionation (MDF) and it combination with
anoxic cell sensitizers in the treatment of head and
neck cancer. A pilot study of the EORTC Radio-
therapy Group. Int J Radiat Oncol Biol Phys 1982;
8:1649-1655

Dische S, Machin D, Chassagne D, et al.
A trial of Ro 03-8799 (pimonidazole) in carcinoma
of the uterine cervix: an interim report from the
Medical Research Council Working Party on advan-
ced carcinoma of the cervix. Radiother Oncol 1993;
26:93-103

Mattson J, Peterson HI. Influence of vasoac-
tive drugs on tumor blood flow {review). Anticancer
Res 1981; 1:59-61

2R SHMA ghE. C3H vk HFS ol A
hydralazine ¥ 2>2x 8¢ W4 Ay g3
1995; 27:671-679

Rockwell S. Use of a perfluorochemical emulsion
to improve oxygenation in a solid tumor. Int J
Radiat Oncol Biol Phy 1985. 11:97-103

Teicher BA, Rose CM. Perfluorochemical emul-
sions can increase tumor radiosensitivity. Science
1984; 223:934-936

Taillandier J, Ammar A, Rabourdin JP, et
al. Treatment of cerebral disorders due to aging
with Ginkgo biloba extract. Longitudinal, multicenter,
double-blind study versus placebo. Presse Medicale
1986; 15:1583-1587

Hoeckel M, Vorndran B, Schlenger K, et
al. Tumor oxygenation: A new predictive parameter
in locally advanced cancer of the uterine cervix.
Gynecol oncol 1993; 51:141-149

Vaupel P, Schlenger K, Knoop C, et al.
Oxygenation of human tumors: Evaluation of tissue
oxygen distribution in breast cancers by computer-
ized O2 tension measurements. Cancer Res 1391;
51:3316-3322

Gerweck LE, Urano M, Koutcher J, et al.
Relationship between energy status, hypoxic cell
fraction, and hyperthermic sensitivity in a murine
fibrosarcoma. Radiat Res 1989; 117:448-458
Okunieff P, Walsh CS, Vaupel P, et al.
Effects of hydralazine on in vivo tumor energy
metabolism, hematopoietic radiation sensitivity, and
cardiovascular parameters. Int J Radiat Oncol Biol
Phys 1989; 16:1145-1148

M Ginkgo biloba extract 7} tH$-2 HE H
B 239 WA BEAl BAE 4 A%

o) ol ghadAl shel=i. 1994



214

— Chul Koo Cho, et al.. The Effect of Ginkgo Biloba Extract on Hypoxic Fraction of C3H
Mouse Fibrosarcoma —

= 2P2E =

Ginkgo Biloba Extract 7} C3H OIRA MEREQ| MAAME &0 OjX|= et

Agtisti ozis Agabans 2a @ ¢ A7, g’

—

7Y 012X, syE P . dny

8 H:C3H w29 A{FEFd glojA] Aidh £3 2 giAdelel vAE Ginkgo biloba
extract (GBE) 2] 932 Lolny] 9a] 2 AgL A&k

4 8 C3H w929 $& tiERo] o3 A{F&Fe] 6mm 7t HASH TCDso & ©l&
slo] A AE BEL AMsigch WA GBE (100mglkg) 13] FAAlE 1A $4, 2
3 FojAE 24A 7 HF 0= 23] BT 1A ARE PARE ARG eH, AT Fe] F
Ba Aeiet 3o o Aikx el 2zt zAE T 24 AL A EEE dotiy]
S8l GBE %o Az} Fol F (A7) 2z ¥'P 8lzby] B9 BFEAEE Agsigh

A Y NBYAREE A T Ak AElA] 817 (77.7 - 86.0) Gy, A4 ER
Al E 69.6 (668 - 725) Gy de™, GBE 13 Fos 7ol 675 (64.1- 71.1) Gy,
GBE 23] RoA & 622 (59.1 - 65.5) Gy 24, 23] ¥ojA] €3] HAstgch o|ZHE At
3 A AT BHE AL BF AEHCdME 106%, GBE 13 FodAs 72%2 tha 743}
931, GBE 23] FojAl: 27% 2 A5 Zastdch P @47 FYEFLEHZAT PCHPI ¥
2T 0.27+0.04, GBE 13] EoJAlE 040+0.04, 23] FJA= 0.7120.048 GBE 23 ¥
AAl FFe] dAMEETE A3 SAHIAL

A B:olA9 ARE FTE B u), GBE 9 Fold o) EFI AL R JYRY IF
o] Z7}gtel wel, AAAMTEZ o] AP T, FU Al AEI A, Fde WA}
o e Ao Folxvin Bus ok

QY o

3]

=



