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Effect of Time Intervals between Bleomycin and Irradiation
on Cell Lethality
—Comparison between In Vivo and In Vitro Experiments—

Hisao Ito, Shinichi Tominaga, Iku Nishiguchi,
Toshitake Nakayama and Shozo Hashimoto
Depertment of Radiology, Keio University School of Medicine

Research Code No. : 407

Key words : Chemo-radiotherapy, Bleomycin, Plateau phase cells,
Intestinal microcolony assay, Lung colony assay

Experiments have been carried out to determine the effect on the cell survivals of different
time intervals between bleomycin (BLM) and irradiation in either in vivo or in vitro system.
When BLM (100mg/kg) was given between 24 and 0 hours before a dose of 13.5Gy, an enhance-
ment by BLM of the response of the intestinal epithelial cells to irradiation was found. Especially,
when BLM was given 2 hours before irradiation, the maximum enhancement was observed with
the dose modifying factor of 1.4. When 8 mm FSa tumor in the right thighs were treated by
combination of BLM (50mg/kg) and irradiation (20Gy), the different time intervals between the
two agents did not modify tumor growth. The same results were observed with 4-days old lung
micrometastases. V;¢ cells both in the exponentially growing phase and is the plateau phase
(more than 80% of cells were in G,-like stage in the cell cycle) were treated with BLM with/
without irradiation. The cells in the plateau phase were more sensitive to the drug than those in
the proliferative phase. When BLM (30ug/ml) was combined with irradiation (7.5Gy) at the
different time intervals, a significant enhancement of the response by BLM was found in the cells
in the plateau phase, and BLM, given 1 hour before irradiation, gave the least survival rate with
the dose-modifying factor of 1.4. These results suggest that the plateau phase cells show the very
similar response as the intestinal epithelial cells, when they were treated by BLM combined with
irradiation. We think that the plateau phase cells are suitable to expect the in vivo damage of
the normal tissue from in vitro experments.
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3. Bleomycin (BLM)
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crometastases @ ¥4 5% (2 a3 o % % BT RR 5 L
7z, intestinal epithelial assay 71 & D4 g &I~
X6MV V) v 7 X #f (=2 ML6MA) % 2 Gy/
min IZTH, KEREEE O BT MV 0BT
#7% 3 Gy/min THW I, BFEBHIEED |-
wimm BEoKEMBE (7e—F1—>av.
Ny besty b, Yy SEER) % bolus IKE X,
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DR, EERCEELERR T TRk,
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H150kg/ml @ mithramycin,7.5mMMgCl, % &
LB B - e LT, 45Tm OEED L —
¥ =& HCHilato DNA E%EIE L1,
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1. V. ififad Proliferative Phase & Plateau
Phase @ #i3M Flow Cytometry fRAf
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FCM & #7 o & R % Fig. 11w L 7=, prolifera-
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Fig. 1. Flow cytometric measurements of V, cells
in the exponentially proliferative phase (—) and
in the plateau phase (-++ ).
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Fig. 2 Cell survival curves as a function of
bleomycin concentration for cells in the prolifer-
ative phase (top) and in the plateau phase (bot-
tom).
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Fig. 3 Crypt cell survival as a function of time
between administration of bleomycin (100mg/kg)
and irradiation (13.5Gy).
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B 5 Bl 5 DWE L - BEZ 5[\~ F-growth
delay# Table lic7m L7z, BBE 6 ~ 2 BERIRTIC
BLMZ#&5 L= BTz, BEEBLME 5 X

h K ¥ 7egrowth delay % 7= L 72 %, 20Gy
BEBEME O3 BEERENRD bRt -
fo.

Table 2124 BHO ATIER ¥ %, BLM30
mg/kg &7.5Gy DBSHRCTHE L B4 0o
EERE A T H 5, KEREBIEE & A, BLM i1
Ma424, 6, 2, 0 BRI, MBS 2, 6, 24BFRI I
£#E5 L, HfABRBH BB A~ CESR
B B L, HHRSREBHE 52, WEO
DR OZRIZY 5BV 3B D LRt

2) BEEMRCxT 5 0t LR

Table 1 Growth Delays from Tumor Volumes at
Treatment to 5 Fold

Treatment Growth Delay

(M+S.E)

Radiation alone (20Gy) 23.4+3.0 days
BLM (50mg/kg) alone 2.0+1.2
BLM 24 hrs before Radiation 23.4+9.8

7 6 #” ” 29.9+3.6

72 #” ” 27.9+6.6

” 0 ” ” 22.1£5.5

“ 2 after # 21.0£3.1

” 6 4 4 22.914.4

v 24 ” ” 22.0x1.5

Growth Delay : difference between times needed to
gave 5 fold increase in a volume
of treated and untreated tumors.

Table 2 Numbers of Lung Nodules

Treatment No. oiﬁfglg)odules
No Treatment 146+ 16
Radiation (7.5Gy) alone 78+11
BLM (30mg/kg) alone 122417
BLM 24 hrs before Radiation 60+ 9
” 6 ” ” 69411
" 2 " #” 1+ 7
” 0 ” ” 59+13
” 2 after # 68+10
#” 6 o #” T4+ 6
#” 24 o # 62+ 9
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Hup#g & BLM o6f BE L 5 HR

proliferative phase & plateau phase @ Vi
faiext LT, 7.5Gy g4t & BLM30wg/ml %
AL THaEFELY BN L4, BLM 2 B&t 3 8
AT & b 2 el & T3040 1 BERAFEF X 1
BEOEFERY Fig, 41wRLic, BH 1R
7 BLM #1EH & 2781k, BLM 2&\vCHE b
ICRAL, 0RfE & SBHEE DI BLM 20
Tl ERBHRT S, Lo, Bifsh BLM »3F
LR, BH30ZHHC BLM #nzxicbon
A&k, BHEC X 5 PLD @# 0 EE 4 k)
T HIcDBFE—FIT R, T_ToMEann
BOAKRTT 5% CAEY KL I-HMERITCI G
b, =AY T v B E T -7, BLM A8
MH YT v FECORINEER LD,
BLMER I+ 2PLDEIE T b E bick
ZoTWAABEHL B DD, FhFRO Eiou
JG4 % BLM BIfEROEFRE RS, HEBT
BonicEFERY BLM BMEH L b B S5hi

HERCTEHVELCEYRIRLE, Thib
1.0 radiation
05 | A Proliferative Phaséee
0.1 " 1
= I.0 '/
§ 0.05 | Hf#‘?4/¥4
E
l‘.t 0.02 " 1 i L 1 i
:_@ 1.0 [ BLM treatment i
@ B) Plateau Phase
01 r
0_05 2 2 T ‘{
{\
0.01
-3 -2 ~9 0 1 2 3
Time between BLM and Radiation (hour)
Fig. 4 V3, cell survivals in the proliferative phase

(top) and in the plateau phase (bottom) as a
function of time between administration of
bleomycin (30ug/ml) and irradiation (7.5Gy).
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HAHRBEIEOBE L D b TIETLTW 3,
FERERAMFFRA LT3 EE 2 bhb,
—7, plateau phase O i <X, GO ALER
12 BLM BMOERAZZE LS| 2# b, HKEHiREH
fERIC X 2R L Y FRIELS, WEORICH
FEALID B Z EHRBE S hic, BB 1 KR
BN BLM 26t L7858, SFREIRE Lo
7.

4, PHERFORRE RSB

1 Bk

B icxi3 % BLM & BUHROBF BRI R, &
SIRBARGH R & A~ CHRE B AE A 2R S s
Sicfe®d, FEB BRI L ToLgERIGERY
BeEt Ui, B AR IR 2REfE Al & 2RI 1 BLM
100mg/kg Z#f#H L, intestinal epithelial assay
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Fig. 5 Radiation survival curves for intestinal
crypt cells exposed to irradiation alone (A), with
belomycin (100mg/kg) 2 hours before irradiation
(@)or with the drug 2 hours after irradiation (O).
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ZFig, SiwRLic, MR~ TBLMATHE
Ff o dose-response curve i, WIFhbEHIzE
BLTw50, BH2REIMCBLME2RE L
BEXEFELVWESBEBLALR, dose modifying
factor i31.4& 757, UL, HfROBEZ G &
A EZEALD T2, DglEDZELITRE S hie,

2) Mg

BLM (30pg/ml) % fB4f 1 BT &, BSHEE
CIEERBED dose—responée curve % Fig,
6 1R LT, ffFRFOEFFR I BLM BhfEHic
IVBOMCEFETEIVHELTIRRLTH B,
proliferative, plateau phase 3o ffad, [B
HE#IC BLM 2/ 27485413, HEHEEm
fEROBE L BIERACAEFRERLE, —F, R
& 1 Fefel A BLM 2 {Eff &% % &, prolifer-
ative phase O AELFEE LTz i
BE Lokt LT, plateau phase o ffan =

FBENIE T, BLM & EHEOMBEIER L3
BERI, WThOAETFIMER S E S SRR
1.0 r
05 | %¥§\
N
3
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Fig. 6 Radiation survival curves for V,, cells
exposed to irradiation alone(£), with bleomycin
(30xg/ml)1 hour before irradiation (@) or with
the drug immediately after irradiation (O).
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BHO5E LR LT, fFARETE, DgEMINEL
feoTWwbZ EHyRE & iz, plateau phase @
fifiz BLM % ff H L 72354 © dose modifying
factor 111.4& 7x - 7z,

5. Plateau Phase®#Hf3? Potentially Lethal
Damage (PLD) ®[E|{E

plateau phase ®#iffiz %t LT, 7.5Gy B& 1
FFfE AT & B 1 BLM30ug/ml % 1 BffElfEH &
4, BLM fER# 0 ~ 3 BR37Cicfid, PLD [E]
BERHH LT Fig. 7R L%, BLM ¥fEM D
BE, 1RESgcRkAOEEICE L2560 4E
TR FDd bhte, BLM & BB 6
BTz, BHESK BLM 2FH B4,
BLM E{EHOBHE & Rk, # 1 RE#RCHE
K &ix’ PLD BENRED bA, TOREE S BLM
BIERAOBE LRI L TH -7, —F, BLM #8
HHENAER SRtk &, %4 D PLD BIE 324
bifzds, BLM Bfhbh 2 IXBEEER &2
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Fig. 7 Recovery of V;, cells in the plateau phase
as a funtion of time (at 37°C) between treatments
and trypsinization. The treatments are as fol-
lows : bleomycin (30g/ml) alone (A), a dose of 7.
5Gy alone (A), bleomycin (30xg/ml) was given
immediately afer a dose of 7.5Gy(O) or the drug
given 1 hour before irradiation (@),
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% @A Aa o0 3% ¥ O BF9E T IE, plateau phase®
MR ER ST,

Bx DB ST, plateau phase o
B 5 MK S 2 G -like stageizd b,
proliferative phase @ #iff1iz tc~T BLM =53
LRZEMIBEL LT\ e, TOE&HETIZ, pla-
teau phase D il % - CTH S & BLM o 6
AR BHT B E, HERy 22 —A AL
ReBRETHECHESD RO BB, prolifer-
ative phase DMIIRIC N THAREIC I~ 70, Z DK
G, BE BT bh e RIG L BT
LLL T\ 7, dose-response curve I X % f##f ¢
b, ¥ LHMiE L plateau phase ORI —
DERE %R L, Do i3 B ka7 < Dg AV &< ik
D, dose-modifying factor $ &\ Fh$1.4T
Hotle, MED—HIBRTH BWHESLEFET
Eiovhy, SEKIEIIC S s Mlan Xy LD 3
EE 2 bh B IEH M & plateau phase O gD
BLsE, BECHT 5 EREER0RIGY, in
vitro DN HLFETH LD 1 onEFAL
LT ZRLTHLERDD LEbIS,

FEFI624E12 A25H
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AEBTI, BEEEMRRE 2 R,
plateau phase D3T3 1 Bf#iTic BLM % #
535L, BOLHHERDENRLOISZ L& T
Ui, MEHETIC BLM 2 6f 83 % L ARG ENR
HHhndEwRAKECHEEHN S, BLM O
RRENTHERRVAWAREIRTVWER, £
Ie A% R X DNA S5 Gl & % % 5 h T s
%%, —75, & DNA 400 B2 D T it
< #Z H*, proliferative phase, plateau phase
Wth oMl s PLD BE 22D BT D,
BLM &t #atiR % 6tT % & B L ifiiacst L
THEDRL R LY, FOBFORBICR—o0
B &% 773 plateau phase O ffila% F\ T, in
vitro T PLD [BIff ##:5f L /=, plateau phase ®
Mg BLM 2B E I h b &, B
BLM »#r 5 S hc 81 b~C, PLD B2
Hlsh, HEHREO—EE LT PLD EE 0%
D5 T5EEZBRB, LivL, BLM EHE
BIZH ) T ABETIRS TS, BT %o
BLM £ 5 3AFERICH & e 4L, PLD [
EOMHO HCRHHERSREHATH LI TE
i\, B <, Phillips & BLM o $#iiazy
REDLOVHERHRCEET S L HBEL W5
239, plateau phase ® i3 ¢k BLM iz & b
DNA S50t £ U -6, EHR S E
A% &, DNA )W O8N & h BagE 23
BLY, BEHREVUETH L0 LHERM LB,
L7z4%» T, in vitro ® plateau phase Iz 575 X
SiriiRRAEIOMas & FEL, ZoMias
BLM i3} U T\ RS 2 o lias - kL,
BRI BLM 2T X2 5 & EE@E#ko R
EVRERCRHWESENDD EEL LIS,

F &

Hegt#R & Bleomycin (BLM) Dt H%h Rz,
BOBR5HRE - BEIEF A RIET#E Y, invivo
& invitro ®FERIC X b IEHER Ui, invivo @
KBTI, EW#EM L LT intestinal epithelial
assay ic X b CH = v 2l L v EE L, E
% & LTk CH = ¥ 21T syngeneic 75§ #f B fE
(FSa) %, KBRS & A (A THESB) wBHELE
B35 HER G, invitro DERIZE, V..M
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Ra% proliferative phase & plateau phase 1235\
THW, 2e=-0FRICL hEFEREYRDI,

(1) BLM 50 &1L, invivo DEERT
BEHOBFBEL D Teh -720%, in vitro O FEE
TIHAEFEROE T L bR, i, plateau phase
@ FA KL LL proliferative phase @ & @ X b RESE#
753% Matz,

(2) BLM & MG H Licss, BHbhi
© KSR, in vivo TR L O 2z, in vitro
Tk plateau phase Ofifa CERD LIz, TAD
RIS B E T B A 2 BrfERic, plateau
phase D ffifa Tk 1 Kefdaiic BLM 26t 35 &
HEL, WTIFhoie 1 dose modifying factor
Bl.4ER—icitoie,

(3) plateau phase Offific, A 1 BefElal &
B&EH#IC BLM 2B LB a 2 BT 5% &,
AT BLM »#%5 LBy, PLD @& 0
& B sh R oA R,

PlEDZ & X b, B#RE BLM ot %R %
in vitro DEEC X b AT 2845, EEESO
Ft vk plateau phase DD Hhs X < k45
EEbhD,

AE L OB 3200 H A siEEEES (BRI61E,
SF) IRV TREL, T, KPROo—Hi, HE
BP9k (61770802), R ARBIIERTEC &M EIRTseBh &
(FBT614E D) 3 & U AE BTSRRI BR & R 3 =k B UEE)
CrofcZ EFELTHEYRT 5.
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