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Summary

Perturbed cellular kinetics of experimental Cq¢ brain tumor under the effect of chemotherapeutic agents and
physical condition was investigated for establishing the optimal regime of brain tumor synchronization as pretreat-
ment for radiotherapy. Cultured Cg strain was treated for 72 hours with Vincristine, Vinblastine, ACNU, BCNU,
5-FU, Methotraxate, Bleomycin, hyperthemia or microwave irradiation. The cell cycle distribution was analysed
by the histograms of pulse-cytophotometry with DNA specific fluorescent stain of ethidium bromide in cell suspen-
sion. The quantitative evaluation of cell cycle phase was obtained using a computerized mathematical model.
Potent synchronization in the G,—M phase was observed in the group treated with Vincristine, Vinblastine, ACNU
and BCNU. In the Vincristine and ACNU-treated group, G,—M phase accumulation increased gradually during 72
hrs. Maximum level of G,—M phase was 47.69%, of diploid cell population by 72 hrs-contact with Vincristine, and
47.2%, by ACNU (control 10%). In the Vinblastine and BCNU-treated group, G,~M phase-accumulation in-
creased rapidly during 24 hrs. and then the accumulated cells in G,—M phase became dead within 72 hrs. Hy-
perthemia (40°) accumulated 379, of total cells into the G,—M phase. In other treatments, the cells in G,—M phase
were below 309, of total cells. Significant synchronization depends on concentration, exposure time and tumor
specificity of agents, even in vitro system.

The effect of combined use of ACNU and Vincristine was investigated in vivo in intracerebrally innoculated Cg
tumor. A relatively low amount of proliferating fraction was shown in comparison with cultured Cg¢ glioma. After
the 9th day from innoculation, combined administration of Vincristine, 0.025 mg/kg on 3 successive days, and
ACNU, 0.8 mg/kg, on 2 successive days from the second day of Vincristine was intravenously performed via
femoral vein of rats. The administration of Vincristine 0.25mg/kg and ACNU 0.8 mg/kg was also tried in the same
regimen in another group of rats. The cells in G,—M phase increased to 219, in lower concentration and 299, of
total cells in higher concentration (control 69%,). These results showed the possibility of the choice of vinca
alkaloids and nitrosourea derivatives for cellular synchronization as pretreatment for radiotherapy.
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1. HEERER

IXfEIE VY, N-nitrosomethylurea FE¥0 3 B fE 5 rat
glial tumor Cg strain? % U7z, EHEEFI7C, 5%
REe Ay A ERBFERR T, H#EKiE RPMI 1640iz bo-
vine fetal calf serum (20%) 2 %0 L, initial subcultiva-
tion |3 #RpE%k 104/m/ < 2ml o dish G L. BE
BERE#2 3 H H @ log phase 121473 % By 5 ¢, Vincristine
sulfate (Oncovin) % 10 ug/m! 38 X% 1 ug/mi, ACNU:
1- (4-amino-2 methyl-5 pyrimidinyl) methyl-3-(2-chlo

roethyl) -8-nitrosourea hydrochloride (Z4%), 2100 pglk
X 1% 10 pg/mi, BCNU: 1, 3-bis (2-chloroethyl) -1-nitro-
sourea, 100 ~10 pg/mi, 5-fluorouracil, Methotrexate,

Bleomycin % %10 ug/ml D&REL EH T 2 ERIRICE
Wal, 24meRS, 72050 4K T pulse-cytophotometer

HoRAEEFML 7.
Micro-wave 1%, DC power supply 13.8 V, 3.5 A

2 5432. 24 MHZ, 10W ¢ micro-wave T, dish @ _Eb»
&, irradiation-plate #3EE L 7z.
i, EIEHE£40°C T control dish DIREZFEH BB BT
-7z,
2. EYEER

EBRIES Co strain % Wister %5 v o I £ K I
108 cells/0.03 m! TRHET 5. FHIRIIARBEREMOTEKZ
REEL, BMERF RV CHESCHFEL, BERT 2
mm O S ICEEMBEZEAL, T bone wax %
B+ 5. B4 9 B HTA) Vincristine 0. 025 mg/kg
#3EM, 2HHALY ACNU 0.8 mg/ke % ft I,
B) 10£ZE: Vincristine % 0.25 mg/kg % 3 A, 61T
2 BHX Y ACNU 8 mg/kg % KRERFHAR & D 245 Z &
i, PEFRSIEETTO. KEED cell cycle phase D KB E
Blgg L.
3. Pulse-cytophotometer FMIKDIERK

BN %0, 2% tripsine/LEIC X D &V v — L K D&
BEL, @0 (1,500 r.p.m. 10 min), &5 PBST 2 [H
BOYHEITO. EDHI6Y cthyl-alcohol 2Nz, cell
suspension DIREECHIMIEEZFT 5. (1 W) . PBS T
2 e L, 0.1% RNA ase %% 10 ml %300, 37
°C 20 min incubation L, Hifapy RNA # AR P
BS © 2 EE LI EITY. %+ @ %, pepsine g 10 m!

(pepsine 10 mg: 0.2% HCI 100 m/) %A%, 30°C 15
min incubation % . 4LEE#% PBS iz T 2 [ERLUEE &
475 . 0.01% ethidium bromide (ethidium bromide 10
mg: tris buffer 100 m/) YeayE oL, &IB.12304y Tk
&L, Hafk% cell suspension @ R KB T pulse-cytopho-
tometer {2917, DNA histogram %455,
4. Pulse-cytophotometry D% peak H 5D cell

cycle phase OFHl%E

Histogram 7» &5 O EHROEEEF VICIE, FERED

I B L AERE U7 Fried 2 BV T2,
F=FG, +FS+F(Gy+ M)
G, = Ay exp {By (i — t1)%}

X & |z hyperthermia
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Gy + M = Ay exp {B; (i — p3)%}
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puter THEFHEL T2,

m # ES

1. EHFRRBRICES(EER

ZREHEA R L OINREE, <~ 7 v BB X 5/
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% Fig. 1 1&5R4. #x DNAOREEL R L, XD
NA Bic7 v, #tlhid4A channel [CHHY 3 5% % %
bLTs. 2C DNARIZAIET % peak 23 flli f8 J& 3]
N H LT, EBERE AT 5 URIOME, Fabb Gy
phase G#% ¥, &7 non-proliferating cell (G,) $ = D
HWoriciiB+ 5 L& X bh, O peak i3 G, +diploid
Gocell DEFL AR 1LY %, %7z, 4C DNA B0 peak
IIEEER S L ANK T L7z G, phase 33 X U mitotic phase |z
HOMIEERRL TS, X5 EBAERBD S phase
i, 2C—4C » 2 50 peak DBITEBICHYE TS Z L1z

Cell cycle phase Distribution
of Gg experimental glioma

50q— |
Control
(9818 ¢.c.)
Mﬂk
2C 4C .
Fig. 1 Pulse-cytophotometric histogram of cultured

rat experimental glioma Cg strain. The first peak
at 2C represents cells with G; DNA content. The
second peak is due to cells with G; M-DNA con-
tent. The cells is S phase are lying between the two
peaks. Ordinate; cell number, abscissa; relative
fluorescent intensity of ethidium bromide stain
proportional to the nuclear DNA content.

7%, Simmulation {Z X D{AIEET 5 L, % phase X G,
+diploid G, 70.9%,, S phase 18.5%, G,+M phaseic &
5, SEOEED S 5 T10.6%i72 5.
1) HRBREZED BV GoM phase ~D IR
Fig. 2, Fig. 3, Tablé 1 |z phase D)% =T 2% Vin-

cristine, ACNU, Vinblastine, BCNU, |z #& v~ G,M
500F
Control
(9818c.c.)
°2C  4C N
VINCRISTINE
24hrs —10ug/ml

500F (13294)

! VINCRISTINE
72hrs —10ug/mi

500¢ (27802)

)
: k./v*
s
2C 4C " 8C M\Mk

Fig. 2 The histograms indicate the change of the-
cell cycle phase distribution under the effect of
Vincristine (10 ug/ml!). 47.6%, cells of diploid cell
population were accumulated into the G,M
phase. Polyploid cells are induced by Vincristine

treatment.
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Table 1 The quantitative values of cell cycle phase under the effect of chemotherapeutic agents, heperthermia
and micro-wave irradiation.
Concent- Time G,+M
ration (h) G % S % %
10 24 61.4 18.7 19.9
# 72 26.0 2. 4 47.6
Vincristine
( 24 59.6 18.8 21.6
# 72 52.9 21.0 2.8
100 24 66. 8 16.5 16.5
# 72 41.1 18. 4 40.5
ACNU
10 24 53.3 16. 6 30. 1
# 72 93.3 29.9 47.9
100 24 40. 1 22.9 37
s 72 cell death
BCNU
10 24 30.5 30.9 38.6
# 72 cell death
4 32.8 25.0 42.
100 2 2 2.2
72 cell death
Vinblastine
24 40.3 29.1 30.6
10 ¢
72 43.6 21.8 34,7
24 60. 4 18.5 21. 1
Methotrexate 10 #
72 42.8 28. 4 28. 8
24 61.0 21.5 17.5
5-FU 10 ¢
72 50.5 23.5 25.9
58. 14.3 Wi
Bleomycin 10 24 9 4 26
72 41.0 26.0 33.0
. 432. 24 24 60. 4 18.5 21.1
Microwave MHz 10W 79 4.8 08, 4 %8. 8
4 6. 8 32.3 0.
Hyperthermia 40°C 2 * 2 20.9
72 44,1 18.7 37.2
phase accumulation 2 Z8% %, EFEHE L B OHER & Jhoh b,

DOBEENS 2T 5 5.

(1) G:M phase ~DEFNT2RFICHIE S S5

Vincristine, ACNU ¢ 3 cell cycle phase DZEE)H3
o b, diploid cell cycle 47.6% 34/ L, ACNU
TiX47.2% (10 ug),40.5% (100 ug) DOfEE =7 .

(@) GyM phase ~DEREHB2U4FHLANIZAEL, ZOH
HERFE & SR BE.

BCNU 3100 ug <245##1121237%, 10 pg38.6%%
T, T2 T I A PR ST % 53, Vinblastine
b Ak IC 100 pug TIX24WERI# 42. 2%, % DBMAE &
A5, 10 ug TRHMRIFAETL, 34 7% 072K % £ ¢

() GyM phase ~DEFRITLE L 505, 7285 [#] % < 30
o LLF O AR Methotrexate 28.8%, 5-FU 25.9%,
Bleomycin 26.7% Ch 5. Fiz, MEHFE L L TO
hyperthermia (40°C) 37.2%, microwave 28.8% & Y,
IMRESEVEEZ RTOBER SRS,

2) S phase D H)

Methotrexate 28.49%,, Vinblastine 259, 5-FU 23.59%,
T, WIh b 728344 Iz maximum level (Z3ET % 23,
G,M phase accumulation® FE 5 5 2 5 L{EfEE RT.

3) G; phase OZE)

Vincristine 26.0%, ACNU 23.3% L {&KfE% =7,
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4) Polyploid cell (tetraploid cell cycle) o HiZR,

Vincristine, ACNU, Bleomycin T728f# 1%, Vinblas-
tine, BCNU |z 2485421z 4C DNA o471z polyploid
cell DA HIT 5.

Gell cycle phase distribution
of Csexperimental glioma

500
Control

ACNU( 104 g/ml) ACNU( 100 g/m!)
24hrs 24hrs
500 16320 500 15694
2C 4C
ACNU ACNU( 100 8/m1)
' 72hrs T2hrs
500 M\l 1o 500
Y WMM
Y R
) - 26 40 TR
2C 4C 8C

Fig. 3 Typical change of DNA distribution of
ACNU-treated glioma. Gy;M phase fraction is
gradualy increased during 72 hrs. 47.29%, of G,M
phase were obtained in 72 hrs. at the concentra-
tion of 10 ug/m! (left).

| CONTROL
500
|
20~"a¢
HYPERTHERM A
24hrs
500¢
L‘J‘JH\]
20 40 e J

2. FYEBRICES(HER

Wister rat |2## L 7= C, tumor % Fig. 6 |TR75 25,
10° cell/0.03 m! D YEEECI00% DBIEREBES = L BT
Eie. PHEFHIEI2SB .48 TH 5. ROHEED C,

Cell cyole phase distribution of
Ceexperimental glioma

500 Control
(9818c.c.)
zm
BCNU( 10 g/mi) BCNgﬁgooﬂg/ml>
24h rs
o |\ B || G
b
2C 4 8C |J2040 TEC v
BC'gtzlérlsﬂu g/mi) BCNU( 100z g/m1)
T2hrs
500 14200 500 2888
"LHM1
120 40 20

Fig. 4 The histograms exhibit rapid accumulation
of G;M phase at 24-hr contact of BCNU at the
concentration of 10 ug and 100 ug/m/. The accu-
mulated cells in G,M phase had completely died
in 72-hr incubation with the agent at the higher
concentration.

T2hrs

20 4}\"MLW ,

500¢

Fig. 5 The hyperthermic state induce the mild change of cell cycle phase. G,M phase is calculated as 37.29%,

using computerized mathematic model.
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Fig. 6 Implanted C, glioma in the cerebral tissue
of Wister rat.

GM
30|  INCREASE VIC 025
M of GoM FRACTION _Jeacnu g TIK
[
o A
e _Jvic 0025
20 ﬂ.// {,o,/——‘ T-ACNU 08 maik
/o 7 N /// r

\ICONTROL

2415 42 hrs 72 hrs

Fig. 8 The gradual increase of G,M phase by the
effect of intravenous injection of ACNU and
Vincristine.

tumor @ histogram ¥ Fig. 7 ltm3 &<, G+G, 84
%, S phase 10%, G,M phase 6 % T, BB L T
S phase, G;M phase 2MEETH 5. Fig. 8 1%, £IEHID
Bz L B EHEICR) 5 GM phase DR E KR L
b DTHAHN, iR &) BREEIERE R L,
728554212 1 Vincristine 0. 025 mg/kg, 38X (8 ACNU
0.8 mg/kg DAPHEERFFARE ©1321%, 10fFEDVin-
cristine 0. 025 mg/kg, 38 X ¥ ACNU 8 mg/kg D#hHT
1329% DfEx R L, &K% control D 6% & Lk T+ 5
L, 3.50%, BXU4.84FD G,M phase DEHNEFED T
W%, Fig. 9%, &JEE® histogram #/RT LD TH D
2%, #n vivo model 1z 33Tk 4C DNA content J D HIZ
fifE+ % polyploid cell MIEAITFRD b, &Iz,
in vivo model $FIZRNBHEEE ICBWTYH G,M phase
accumulation 242 U3 LR L 5 BEREE .

DNA distribution
—In-Vivo Cg Tumor—

2C

Fig. 7 The histogram of implanted Cg tumor in the
cerebral tissue of Wister rat. The relative low rate
of growth fraction was indicated in comparison
with the cultured Cq glioma. G,M phase fraction
is 69 of total cells.

G2 M accumulation
of intracerebraly trasplanted

U glioma
500
. ACNU 8

viC 0.25mg/;<g

e

4

.ACNU 0.8
“VIC  0.025mgyKg
% : CONTROL

Fig. 9 The maximum value of G,M phase is 29%
in higher dosage and 219%, in lower dosage during
72 hrs treatment.

I\ £

Ethidium bromide DNA E&& N efmiEks Hic L &
pulse-cytophotometer® (= X % DNA histogram @ 43 #7
i, AR LV LTEASHICA, his-
togram & L C¢ pattern DE8#E%s 545 cell cycle phase
DEBELDOFEMEPRD 5 TE . ZFaED peak 23
Gaup ik L 52 EAHIE T & 5 #%, Berkham® 5
X, Gy, S, G,M phase ¢ component &K pattern &
LT histogram O¥ffE A5 simulation model % {E ik L
7-. Simulation data & V) FHIAEOEEE HHE T L &
s, EEL L/AMEY 13 Fried @ kD 7 simulation
model #E R L7eds, #iix Fried oRX 357w 47 Gaup
SR FE L TWBAS, BEED pattern (X noise FRATOD
IR peak ¢ deformity 3% % Z L 2»5, original pat-
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. APPROXIMATE FUNCTION
201 USED IN THE ANALYSIS

ANALYZED DISTRIBUTION
FOR GO»G]

il ANALYZED DISTRIBUTION
! FOR S

i )

1

! oo

1

ANALYZED DISTRIBUTION
FOR GZ—M

NUMBER OF CELLS
s
¥
Jo———

20 40 60

CHANNEL NO. OF FLUORESCENCE INTENSITY HISTOGRAHM

Fig. 10 Mathematical model of simulation of his-
togram is based on the Fried and Kosugi methods.

tern DR HEMLZ BELS 2R NEREEZRICL
2 analytic model & {FRL L 7. = DHEIC L VBRI
S-phase DfE# H;-thimidine ¢ labeling index & Fr#k+
% L Cgcell line @ controlfB (34518.4%, 38X 1N18Y% &
ERDEEBED Z LR TES. LB, Z0si-
mulation model % S-phase {z % 2% HEfE 3 —E @ speed
TRERARLEIT D T & #48%E L7z model &, S-phase
CREEPRELD L, HIXIES2ERE DI LBE5%E
DRFETH 5 (Fig. 10).

AREROBRNL, BERCHT 2 B2 5 ZZ2HE0
screening% HEg L Lz b Tt <, PEFBCHERAL
BALZEFERAS cellular synchronization & & 581505
DIROWETH D, LFREAID 5 BT, vinca alka-
loid MF 4 % cytostatic effect 12 L Tix, Tannock'?,
Puck*®, Rizzoni'® & DHFZEMN & % A3, cytophotometer
PIER L7z EB i Colcemid ©28~30% » G,M phase
accumulation H3EEd 5P, A ] in vitro DFEERT
Vincristine 10 ug  T47.6% D EMELAE O izh F T H
5.

L#> L7235, Vincristine 1 ug Tid, 26.8% TH Y,
concentration dependent ThH 5 Z L ITHEEBET REHL B
bhd. ERT2FHOKE T, WERICHENE =M

% Colcemid L [Elf T & 5. Cs cell line o cell cycle
time pHEZ D &, +RMIBENRHITAURBILIAIC,
G;M phase accumulation 32K TR SN B = L BF
WeshdbiFthsr, EBRERCIE 728y G,
phase, S-phase ICZRAFMMMBD DN B,

BEBH L ZDHLRIT cytostatic effect A3, —[HDmito-
tic impairment 3 block 25ERk¥ iz, FEIDKEL )M
HTHBILMOELIBRTHH I LIRREh S b
FThoD. Fic Gy peak ICBERT MR L, B
KuERT2 L 0$HBET2 4C LD DNA B 2 A
¥ % polyploid cell DFERAFEREL 725, G, peak 125
HRNC R T 5% quiescent cell Wb B G, cell
EEZ TR = ¢ B 3%k cell soater L vital
stain DFFREPALNRVIRY, HECRZLRNT b 5
5.
X Bz, polyploid cell 23 functional cell fusion &5
TH U LML EIRT 5 Db, endoreduplication?
i X % polyploid DHHFIZ X % &, F 7z i tetraploid
cell cycle~DBATHRITHONTWB DA, F O ILIRLE
histogram 7> 5 XK B3 20> %, B BRE TV
NOFEEE LRRT AFTREBR TV 5.

Nitrosourea &Rl TH 5 ACNU, BCNU i, —f&
Hyiz Skipper o cell cycle non-specific & 3TV 3 28,
cytophotometric analysis |z & % & G,M phase » peak
WEBEH T3,

BE DK EE VI, BCNU D528 cytocidal effect
23 ACNU kv $38<, 72BRLINIC G,M phase |42
FEL 72Hf@AS, cell death DEFEEZHEHZ Lich b, A
CNU o GyM phase accumulation i3 Bty it 5
5. Bleomycin OYERIZ% L D& S 5205, Schiman
51%1%, melanoma DOHAIE G,M phase |z 4EFE S ® 7=
HELTWE0, SEO Cqcell line 23 Tix+457%

HRE RSP o, THIXEEDERRS®ICESL
BREEZTHWS,

Hyperthermia |z X % phase accumulation %, Derting-
er chinese hamster % {i ] L 7z spheroid culture ¢ Z2E&HS
b DY,

MBI X B L, 4Ei1x partial synchronization % 3R
L, 12ICHNED non-cycling cell 73 growth fraction |z
#1745 recruiting model Z5R L, 12834212 32 % @
G,M phase accumulation# B T35, Fxr DEBRFEE G
%, 37.2%® GM fHEZRL T3,

B EBR model 1, b o & bEEREDFAVY Vincristine

LFetED ACNU oft iR EBA T2z 2 AR L
LTn5,
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3 Ao TR ERO SRS BE <, HE
@ mitotic phase T block ASLLETH B FIRENES 58 W
T b oEEER RS, Wister rat BFEH L
727 L3, Ak C, glial tumor 3 Fisher i3g ¢ % 25,
100% ¢ transplantability B3H 5 Z & &, SF D HEE &
T+ DT, cell cycle phase D E)? model WAER Lz,

B pisHE D Cg tumor pattern X n vitro ZHERL T,
S-phase, G,M phase & &IZ/&fEC, GM phase (135
Sefth L RIS WA I N 5. S ORERE, T2ReHEIEL
iR E A4 72 G,M phase accumulation [ZHEE
CHBLEFRTLDTHD. AL EE O cellular
synchronization % H#J L L 7oL ¥EHEIC Vincristine, A
CNU OBRIPEHTHDLEILOND.

VvV & i

IMIEE iz %4 % synchronized chemoradiotherapy D%k
FERYBFZE L LT, Cg-rat glial tumor cell line A L,
H#EB I UT v MEABIEE T VIR T, SRR
BIOIMRE, <A 7 v KRS O F ERORE
pulse-cytophotometer (ICP-11) AT L 7=.

Vincristine |7 88V G,M phase ~D3EIR ) 72 EFEH347. 6
%F¥» b, &b iC nitrosourea RHFEA, IRIEICHR
RIFSRE RO 7. EMMPBIE model T, ACNU,
Vincristine OB, 29% D G.M phase DEFE %
R, ERENERPEEC, FBHBRR7I2EFEET
A T

In vivo model iz B3\ T b FFRGRSHER SN, %D
synchronization-radiation therapy D E[§EM: & RIR+ 5 b
DTHD.

EFEO—Iz, ELEOBHEDIRS LV ENE S
Jiz.
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