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(FR#404 9 A21 0 244)

Clinical Application of In Vitro Labeling of Human Tumors
with Tritiated Thymidine and Cytidine

Kengo Matsui

Department of Radiology, Yokohama University, School of Medicine. .

The hitological grading of human tumors have contributed greatly toward a rational formulation of
therapy plans and an evaluation of response to therapy. However, neoplasms which appeare to be
similar histologically may behave in different manner clinically, and show a different response to radio-
therapy.

The problem of cellular proliferation of human tumors that is based on the count ing of mitotic figures
in histologic preparations is difficult and unreliable, because mitotic figures are difficult to recognize
unless special techniques are applied.

By using the technique of autoradiography and in vitro incubation of tritiated nucleosides as the
precursors of DNA and RNA, which were developed by Rubini et al. in 1961, author examined an assess-
ment of the percentages of tumor cells showing nuclear labeling after in vitro exposure to ¥H-Thymidine
and 3H-Cytidine.

Since the aim of this study is an evaluation of this technique in clinical laboratory practice, the
specimens were taken at random from available biopsical and surgical materials, during the cource of
radiation therapy.

Results

1) Labeling indices were counted in human squamous cell carcinoma from uterus, oral cavity,
skin and lung (46 cases), and adenocarcinoma from stomach, breast and rectum (54 cases).

2) DNA labeling indices of squamous cell carcinoma varied 3 to 25%, {mean 12.5%,), and RNA label-
ing indices 50 to 90% (mean 789%). In cases of adenocarcinoma, they were 3 to 189, (mean 9.3%,)
for DNA, and 20 to 80%, (mean 49.6%) for RNA.

3) In each case the RNA labeling index was found much greater than DNA labeling index. Both
labeling indices of squamous cell carcinoma were higher than that of adenocarcinoma. This fact seemed
to be indicative for difference in radiosensitivity of these tumors.

4) DNA and RNA labeling indices decreased more profoundly in squarnous cell carcinoma than in

adenocarcinoma, during the course of radiation therapy.
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Time dose relationship between DNA and RNA labeling indices against dose has been plotted by

taking DNA and RNA synthesis block by irradiation as an indicator.

Thus this method was found highly usefull for evaluation the effect of irradiation.

Exact evaluation of above mentioned time dose relationship remains for future intensive study.

5) Some modifications in the technique of in vitro labeling methods were introduced and discussed

in detail.
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NEWEIBE OTEROIY Y, AR
BRI SHRERS FRHABICUBR SN L ES B
DThHB. RUERZEE-FRZE L2 K5
b, EEACH LIRR LR BIG & nd i, I’
ZOBELERT ZFHTH Y, TEROMEMPENRE
12in3 A1z, histochemical 732 & 0 BEZ AT
&ﬁﬁ{i‘ LT %f:smim}mm_

HohE 3 CREBSI TR LN 2 MELGE 0 &
5, HREEEREY £ 7 L O CHEO R 5 5
B, G2 L IRDGE T T ORHEA—H
foE U CHREEOFRE L /2 ) (generation time),
FRARANC X LA DML & A (mitotic index),
EFEOMARESE L D IET 2802 & b AR
ZRK®, ZIT&>THAEE (doubling time) # iff
E LT aferz1698),

SRL = OS5 OWFEI1 195548 Hughes22) |2 k
% 3H-Thymidine D&k & autoradiograph D
HOWEANC Lo TRHELESER b 72 & h, kD
AL <L DIFETE EFNPIFR M A T, MY
SV IEHEBLT L = DAEAZER Th il 2
ARE L5280,

BfE T, DNAGREAEMRIOR S — ek
WTELrARENBZVERLGSATEY, 20D
NAGRKE (SHA) Zrhlicoelifiie 3
Y BmaHRS. BILSHEHELD G186, D
B4 & nABUEMICRETTT 2. DN AR
LRSI TIToN 3B, RNARUERHARIES
ZEEE L TThh, SZEEE» LR
TEMWZRET, FREREC», g
A ETEHRL T3 & & T 51813840054,

SH-Thymidine 3 ST TGEIRATIC DNA
{Desoxyribonucleic acid) 25 5kE hs O THE
LRV B DN AGRREED G fEn{a % autor-

-adiogram |- OEREFTF O FIE KL grain cou
nting 1= k YAIZ g AH s, SH-Cytidine, 3H-
Uridine 13 K#B4r 8480122 -7 RNA (Ri-
bonucleic acid) ZHr hiA ¥ b D ¢, SH-Thymi-
dine & #H{22> THiffd 42 & RN A5k & DESili &
DT B HBHRZB, RLARLEERINDE
? #H-nucleoside % Fu~ 7= {FFEE T S BII5RE R
CIREROMBEERA L2 O THOT, &
FRADISA D THIERE T 7z,

F OO -3 3H-Thymidine |3 HifgA% » Yy
EfIcER DA T h, F ZC B RROFMBIN LS 2
fTbh B2 somatic 2 HIE D572 b
§°8), genetic 7z [EERENRANCEREE & s, B
12 SH-nucleoside # ARIZEFET 5120k, —[ENZ
BmcDIEZEL, BOTEMEALZSZ 2D TH
%. #81 pc order ¢ SH-Thymidine 2% &y L 7=
GBI~ PR LENE. s BEBRITHE
WCIBPRAINC IR JEAT 28000, MR & f&Rohc
Heh L in vitro TERET 5 HFRC L bhEn b
72\~ 2TBTAL)

AFFEE NEEMES O HIERRE O, % OB
ST s Y L0 FEE AT Thn: b
DT, PEeDIREEAPIFEIZ N Z T biochemical
ZEET BHBEIMA, BHAaEHEHLI &
ATENTZHDTHS.

HEREHN

NEMWEEODNAKLSRN AfGH o F 4& 40
i #4015 7212, SH-Thymidine, 3SH-Cytidine ¢
labeling index % sk, HHFTATZLEERE U EH R
BETRTHFRELE Lz, BT Lo TR
i & SR A BRIE -3 & DREER & ki, squamous
cell carcinoma k adenocarcinoma X @) i ia%

Seftk & IBRa L7z,
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Table 1. Patient cases
— Cases| ; [ Cancer [ i I
— Skin Uterus Lung | Breast | Stomach | Rectum |
Histol T Cancer ‘ Cancer ’ of C_)ral Carcer | Cancer | Cancer Cancer : Total
istology Cavity | |
Sq. cell [ p [ |
carcinoma 10 ! 19 16 L [ - - - i 46
Adeno- | | | "
carcinoma - I - - il | 24 29 ! 1 ‘ 54
R % BERL L 18 BB L 7:.

1D WrEsd R

WrFEd R e U 72z NEYEIEEH R _FRRE Tl B
E106Y, FEME19B, AEEANRE16HT,  fiEE 1
B, T T BAZOB, FUE24B, WEEAE 14T
#»%. (Tablel)

2) (ERERILAY

3H-Thymidine Jttf 3H-Cytidine #{#iff, %0
HeRxEDM % ¢H B (Table2, )

3) A

3+ LT Kodak AR-10 Ftf NTB-3 #liff,
—&7 7 NR-M2 &3 4if L7z,

Table 2. Used *H-nucleoside

Specific

] made in ‘ s ‘ Purity

SH-Thy- [ )
nll-% d’li rl]lg ‘ Amersham 4':‘, "];ils 98~ 1009
SH-Cyti- | }
dime yti !_Amersham clfrr?g& 100% ‘
Table 3. Constitution of YLE medium?®,
Lactalbumine hydrolysate 5g (NB Co)
Yeast extract lg (Difco)
Earle’s saline 1000ml

NaCl 6.80g

KCI 0.40g

CaCl, 0.20¢

MgSO,7TH,.O  0.208

NaH,POH,O 0.14¢

NaHCo, 1.10¢g

Glucose 1.00 g /1000 ml

4) {ERIREER

B EM L LTYLEZEH L. Foi
Htx Table3 @< T2 3308, —HYLEYW
%12 Bovin Serum 109% %4 T U, Penicillin
J ¢ Streptomycin 2 ¥EIML, 1cc24h 2uc @
SH-Thymidine, 3H-Cytidine # iz Tk 347>
7z. —2F SH-Cytidine (254 L T1x104%4f @ Cold
Thymidine % fifZ DN A~® 3H-Cytidine ®4&

MRAE

D ANEVEIEE I R 3 v T, EER
Dgtk b Biopsy B\ YIREARZ & b, EHE
2 3 FREECHY) L, Fig. 1 WORTMEHFET
1~ 2 BE ORISR 217\, 4R 2 1RHAREA
# ek L, autoradiogram 2T 2 ~ 4 JE[HMEL 2
THBEF 7o,

MBICEEL T, Fig.2 WWRTHIL, FADRE
b 1 % EG IFDOBODHIFIN O T D Figd lab-
eling index # sk 7-, LIEMREE & L T, labeling
index VG HBIAY 2R 2 R T B2 AR OB T
SR L, B labeling index ZsRH T2 %
Fra L TEBE L.

cancer tissue N YLE 0%
| i____ \ bovin serum 109
| \&J peniciliin

i | Streptmyein
“H-thymidine

T utidinn :
H-cytidine + cold thymiding

74N
incubation —
3I7°c 2hrs. e

i

fixation (formaiin)
section at 3 to 4u

autorediogram (KODAK AR-10 ar NTB-3)
exposure -4 weeks SslEd

stainihy (giemsa)
microscepic examination

Fig. 1. Method of in vitro labeling

2) BUHFREB IcowTY, Bl EFERR
labeling index & [RASSEDORIFR 7 R, HERS
B 3 & B L7z,

JRS A R U i1 Tabled AT TH 5.

BrR¥ER

1) FERAS

a) fgP_l-BeRE
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Table 4. Apparatus and conditions of irradiation

:. Apparatus | Conditions
| i = Tumordosis
_ X-Ray Therapy Voltage Current Filter H.V.L. E p
Unit. |
(Shimazu) 180KVP | 3mA g:ggﬁg‘]{ 0.8mm/Cu. | 200~ 500r.
$0Co-Tele-Therapy Source | E‘::lm‘doms [
Unit | :
(Toshiba) 600 Curies \ 200~ 700r |
3H-Thymidine J&{f 3H-Cytidine 12X 5 DNA % THoT.

FEURNA® labeling index & Table5 \Z7R7
¢, 3~25% (DNA), 50~90% (RNA), ¥
#12.5% (DNA), 718.0% (RNA) Tz » 35
DNABRKITR TR EEMES2E 284, R
NAfGREZckL, FHSEWEZRLT
W3, Z—FREEE,
i *H-Thymidine ¢ uptake 35 5 i,
(Fig. 4, Fig. 5) SR 7z BEIETE RRER it T
142 ¢ uptake PR 5N 7Zh27: (Fig.3)

thymidine cytidine
fabeling index {Eéefmg index
. 1
% | eee |® I
° eee |
70 |-e - 75 He-ee—o
L] {
ece |0
., |oee
- o ee (oo
° ® e 50He sea
o o °
- oo
.
10l s—wti—e °°
o e
L e o . oo
°
. 25 . o
® ° °
L ]
°
il L) 1
5?#&?-‘7&&3 adeno Squdmons adang
cell Ca.  Ca. cell Ca. Ca.

Table 5. DNA and RNA labeling index. Non- 1
irradiated cases of squamous cell carcino- |
ma and adenocarcinoma

b) s

Table5, 6 VIZR$MAI<, MYE IRV TREE
ERzgE L, labeling index 130 s {E(H % o<
L, DNAWDWTIZ3~18%, RNAIZHWT
1220~80% T, FNENDFHEIT 9.3%, 49.6

Farbn i -

N5 DRV X D BIRE A TR % &3
MR IEE L 7 AT s iy labeling  index
% 4 L@ (Fig. 6) , Broder I 2 IEE:2HHC
BT I ~IVEEDBA I LBATE - labeling
index #FWHAEFAICAE D, ZOMEL TES

BEICHRE E X 2w,
2) JRAB

a) R LpeRE

Table 6 DNA and RNA labeling indices of
non-irradiated cases.

‘ Tissue | cases.| PNA LT 1 RNA LT
Beases ) | (%)
non- S: G2l 19 3~25 50~40
irradia Ad
ted Adeno - . —E
phoiy 21 3~18 20~80
thymidine cytidine
Labeling index labeling index
» *
% % mew
» LA
0w 75 e
"o
1..
:: o |®® 3
® 50 e -]
°
10 '—|r—..—l:—— ::.
L L] ® 5
25 k o
™ »
L] ®
° ©
o
®
N 4
. noi-  irradieted . Er'ﬁﬁg
irradialed itcadiated

Table 7. DNA and RNA labeling index in
non-irradiated and irradiated squamous
cell carcinoma.
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thymidine cytidine

lebeling Index labeling index
% %|®
20 75 (e
. °
eee
o
. ee
° s ee
o g0 ®
-4 : e
012 o °
L Xy
. e eee
o e oo |see
°
. 25 ° .
° . L
L ]
o L ]
o0 °
(@ d86e ..
o [o8 $3sss
non-  irmadiated non- - irradigted
irradiated Jrradiated

Table 8. DNA and RNA labeling index in
non-irradiated and irradiated adenocarci-
noma.

RSB BN L 1, DNAKURNA lab-
eling index \3FLIZHR ¢ IRA> L (Table7), # h 2
$1.0~10%, 0~20% &IEHIEIEZ R L, grain
count }#k L7z, (Fig. 8, 9)

b) fEE

IRV AT DNA, RNAMREHMEI &R
LDBRE AL D3 RFEHIEEERL, DNA
@ labeling index 1% 0~3%, RNADESIT
0~30% &\ Shd REATOESLUTOfEc Fo
Tw3 (Tableg ) .

Table 9. DNA and RNA labeling indices
of irradiated cases.

DNA L.I. [RNALT

Tissue

Diagnosis Cases (%) (%)
Sq. cell
| irradi- | Ca. » 0~10 ' 0~20
ated
AdenoCa | 30 0~ 3 ‘ 0~30

¥z autoradiogram FifL & H. BE. 2@z k 3
WP RRE AR R & o B o TR LT
ATz bW B EHAA RS, $121219500/ 3 H &
TIFRCOWTHE TS & Fig. 10 12/R 541¢
SH-Thymidine ¢ tumor cell ~ uptake |34 ¢ K
507, MM S DO fragmentation,
chromatolysis £ 33 0, & W R AW T2 B8

AR AR SMERE B25% ms e

HEDZ U2l R LB & hre, (Fig.11).
X20005/30 H D JEEBRA 1o 7= B HRAT{RL i IR
IR, 2050 (0.3%) #5n7-
(Fig. 12),

FERREAM T B D E S, chromatolysis, cytopla-
sma [ TR /NYIRE O HUL (granulation) 07k
FaZH: (vacuolation) T tRRfE O RiHE( b 23250812
Bizux ho- (Fig. 13) .

TR TORBBNLREE 1 ~ 7 LA EBR R
BFEWETORbDCH 3. WFEO1H 3 1E

3007 AT C2ARAMHBIER I BR MRS % 2
T, DNAKURNA labeling index thdtz
0% &2>Te02F%RH 0, —71[E 5007 |
&, BABFHENTIE, SH-nucleoside o
uptakeifil &, MK T 3 RMETF 08
BWbN T3, FEOBR/NGR A
TELWEEENHRE A L 53, labeling
index PRSFEMITIE CTET L, K cER
VBT MR %R 720, KRR E
B TRER P& CERET 5 72912, R
12k % labeling index DIHERAC 223Dk
EBAbh3W,

3) Labeling index & it & o EI{%

T CICHIEE DM, WTFNOBEEITRWTY,
ST D AL S DNAKURN A labeling
index DETFTRALDLNB. [ASSELE & -
HEpRE ¥, DNARKU RN A& kblock (labeling
index 0.5%LUF) #REE LThkd, KEzr7
vy b LTR-.

DUEDFERD & P LBl O IR 5T B
HKAD single eqivalent dose |3 DN A4 kfH (- %
FEEE Lege ke 5007, 8007, RNA
BEFLE 2 #REEE T35 Ldiw 6007, 8707 T
FELME S, BREIFITATE[ZR LT v 3
B, HER DO T IR .

R

squamous cell carcinorna M¥}4% adenocarcin-
oma ZH LT, —IZDNA labeling (25 {f 2
RYZE, bLSWIRE—-TH2EEET 1
I, B TR~ generation time Mgy 2
& ERL, 23 P8k o FURRR R & —3T

— B8 —



FRfI404211 34250 935

Fig. 2. Radioautograph of squamous cell ca- Fig. 5 Radlloautograph of squamous ce-ll carcin-
reinoma from the skin, RNA labeling. oma from the same patient as Fig. 4., R
Note grains are limited to the peripheral zo- NA labeling. Note high percentage oj:' la-
ne about 100 depth. (X150) beled cell. Labeling index is 809, mitotic

index is 12. (X600)

Fig. 3. Radioautograph of squamous cell carcino- Fig. 6. Rachoautograph of adenocarcinoma from

ma from the skin, RNA labeling. the stomach, DNA labeling.
Note no labeled cell in the pearl forma- Labeling index is 204, and mitotic
tion. (X600) index is 0.1%. (X600)

) ":'jf

b gl-‘_;. !ﬁt";‘-m

83

Fig. 4. Radmautograph of squamous cell carcin- Fig. 7. Autoradiograph of aa:lenoca:rcmoma
oma from the uterus, DNA labeling. from the stomach, RNA labeling. Labe-
Labeling index is 15% and mitotic index ling index is 802 and mitctic index is
is 125. (X600) 0.159. (X600)
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Flg 8. Radmauiograph of irradiated squamous
cell carcinoma (1500r/5d.) from the uter-
us, DNA labeling. Note vacuous change
with no labeled cell. (X600)

Fig. 9. Radioautograph of irradiated squamous
cell carcinoma (900r/5d.) from the uter-
us, RNA labeling. Note several labeled ce-
lls and a few vacuolation and chromatol-

ysis, (X600)

Fig. 10. Radmautograph of irradiated adenocarc-
inoma from the stomach (1950r/3d.).
Note no labeled cell with chromatolysis
and fragmentation in nucleus. (X600)

_7{| J—

aﬁih!'@ L

HARIR AR 2 4RE W25% ws o

Fig. 11. Routine section from the same specimen
as in Fig. 9. Note strongly increasing fi-
brous change and degenerative cancer ce-
lls. The specimen was removed & days
after irradiation. (X600)

4y S
ﬁ?‘»

"“

. -
‘L\. LS. B w2
Fig. 12. Radioautograph of irradiated adenocarc-
inoma from the stomach (2000r/30d).
Note several labeled cells were found am-
ong degenerative cancer cells. (X600)

Fig. 13. Routine section from the specimen in
Fig. 12. Note increasing fibrous parts. ch-
romatolysis in nucleus, and granulation or
vacuolation in cytoplasm. (X600)
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10000 |- CRORL
; )
i0oof oo
L ® +,
. ° e o'+
2000 o * &
[ L k-3
1000 ¥, Labeling index (%)
P B T o (5%LLF
soofge o + 1= 5
: H 615
# fé —
200k
200 % Cases of X-Ray irr.
I 1 1 L L i L
' MI i 3 19 2 50 100 Day
DNA
rad oo
{0000
-
s000F o o
+
s ® HF
+H
2000F . ®
L
.
oo s Labeling index (%)
y ® (5%
suppe™ = + =35
#* H 6—30
H# I -
20g # (ases of X-Ray irr.
100; 7 S w % 100z
RINA

Table 10 Relationship between labeling index
and time dose factor in squamous
cell carcinoma

5.
WTROBEAITRWT L RNAOEMERADN
AESR Y VEVEE, HIZOHGEY 4 7 13010
SO A B AR @ B fiskT o DT,
Veenema®s0) 3, ZfJf7¢[E Bk SH-Cytidine 12 & %
RN AEMNROECE LML T 5.

AT HANT 5 DN AR LB R
W TIRFE12.5% Ch Y, Oehlerts HEDFIFE
7%, Titus'D S flo> ¥ RBRE i T 17
%, BHEOWFRIAV BEEIE SE LW EEZ R
LT3, —HfEi T Johnson?D 133
#50. 44%, Rubini®D 35T 0.1% &
JERIEEP LT A0 K L, Titus™D) (Xffi
% ® adenocarcinoma 2 A\~ T15% & AHFFE & il
o EZB TN 5, (Tablel2).

937

rad
50001
i °
I ]
000 : !!_. ll-'-T+ _,+.‘=
e
.’m‘:ﬁ"; . s
soof+ TR
I Labeling index (%)
" & (5%LLT
200 H + 06—10
el i = L=
r":\[r 1 i " '_ 1 ‘f i | L
/ Z 5 10 0 50 100 Day
DNA
rad
00
I ]
L o
s ) A
{000 * ee Las .::m
en
+
ooy, + W
-,‘t Labeling index (%)
500 ® (05%IT
H + -9
fiie H 6§15
g H 16—
e L 1 | 1 il
e 2 § [ S0 100 Day
RNA

Table 11. Relationship between labeling index
and time dose factor in adenocarci-

norna.

Hehd&s kB labeling index DK TFTOBF & L
Tk, BOSURSNC & 2R R (LA %S,
R 0 R 28D, HIiz 7 OHAREDD,
B SO HRRDDERZIbNES. &
B L TR in vivo ¥:IZ X BTRFER AT D
T3 R, s TlE—gzie o T EmT 5.

AHRIC XD TNERBHRIC DWW T, TREBIR
ERECER SR LS ER R E L
A3, Veenema4950) 3, labeling index ¢ A7z &5
grain counting # BT 540 k0T, EbEAED
grading DPLE, HESSEHR OHGE, (LEEREEA]
DERHBICERTHIHEEWEL B, =D
BE in vitro R T, FE—EIRRGAE O RAE
3 nd, B ORI REERL S T
B, HHEKYS Veenema OFEINRTHIEL

R, (R
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Table 12. Summary of results in each authors.

254

5 8 5

‘ Histology DNA L.I. () i RNA L.I (2
Fibroadenama 1.7 B
Johnson®? | Breast cancer 0.4 |
4
(1961) normal mammalian gland, 0. 63
Rubini* ;F'I(:e?;irio sarcoma gg
(1961) Adeno-carcinoma (colomn) 0.1
I | . . overfi (18 cases) over 40
Ve oy | o0 e Sancer 3-6 (16 cases) over 10
| g2 1-2 (5 cases) less 10
—= |
Ch"(’;gzsj | Pentonivis sarei. thee |
normal endothelial cell’ s
Oechlertss
(1964) ! Sq. cell ca. 7 ‘
. Sq. cell ca. (Lung) 17 . B
T1tus‘(” Adeno ca. (Lung) 15 |
(1965)
! (Breast) 1.0~ 1.6 |
Twashita?s ' T—
(1965) | normal skin ‘ abouttlzﬁ ‘ almost 1002z
! ‘ Sq. cell ca. (Skm ) ‘ mean | mean
| non-irrad. Utenus 3-— 5 (12.5) :50——90 (78.0)
Matsui | Adeno ca. Stomach 3—18 ( 9.3) 2080 (49.6)
(1965) ‘ Bl east,
’ Sq. cell ca. (Skin Uterus] | | -
} irrad ! Adeno ca. (Stomach ) g~10 [ g_gg
I | Breast | —3 i 3
Table 13. Summary of in vitro culture conditions and autoradiographic methods.
ﬂﬁ%aﬁoinfime _l *H-Compound ‘ Exposure time | Staining
| PVP, 3.5%5ml | *H-Thmidine NTE-3 !
25°c 1h. | 4 uc 3 Weeks Harris )
Hanks &ml *H-Thymidine AR-10 Hematoxylin
Rubinim | 37C_ 1.5 bs. 2 Suc 10 weeks riensa,
(1961) Ringer 7 ml May-Grienward
Serum 2 ml *H-Thymidine NTB-3 riemsa.
Penicillin 10,0001 16 ue 2 weeks
Streptmycin  50mg
= 37°c 1.5hs. |
Same as above
Veenema ) oxygenated at *H-Thymidine 1 waek
(1963) 37°C, 3~ 6hs. *H-Cytidine I
| washed by Hanks | *H-Thymidine Kodak Hematoxylin
Titus* Eagle [ 10uc AR-10 and eosin.
(1965) Calf serum 1093 [ 2-6 weeks
37°C1~2 hs.
Tsuya'® YLE. 902 *H-Thymidine AR-10 T | Giemsa
Tanaka Ox serum 1093 ‘ *H-Cytidine J~1 weeks Hematoxylinn
Matsui ] Streptmycin | 2uc NTB.-3 and eosin
(1963~1965) | Penicillin | 2-3 weeks |
| 37°C 1~2hs. | ?
YLE | *H-Thymidine |
Fukuyama'? 959 O, | 2uc AR-10 | mathylen blue.
(1965) 59 CO. I ’ |
37°c 1~2hs. | |
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WETR T BRI OB B IERLES
LEILND.

BRI & % autogram JEVERE (IS K
SR grain count) D LWETFZHEERLE
LT (EEikse 0.5%LLT) kb time dose
relationship RREREEFRIICSR® & 17 time dose
relationship™10)12)15)43)83) % (Ll 7= ] & 38D 7 T
EER D D, EEOBETITRCT, TORRE
IR O B 73 b T IR 1 R
LB C b, MBI TEETALORCHET
L E RO, Ak & ) SRR
2 DB REM L T\%, Veenema Y BFbE
Bz oOWT -0 EPRIE L 7. B 3k @ mitotic
index 1X#p CHB TR H 28, TOBRWE
BELAFITH Y, FERER R TOBIL 1R
BDTEN D Z EEYERTHOT, FERIZOR
AW TERTY 5.

IR OV TRHERREI I TH 2 H
W, 2SR EEARIR ¥ CORRMNFNC X S8
BERTFRAE CBERLTEEDT, ZDRKRNI
LT IR L BAVEETRLTNS.

% autoradiogram. VIR E h7- AL O
s b 2 RS NE RubiniD &38R HE
15 L 72 AR D — D D T H O TIERE gen-
eration time DPEF AHRERL LDHELNTH
55,

YelZ  in vitro vz L R A 2o
T CEERToOTRLES.

in vitro KT B LD 3FIST LN
5.

1) HEEOHA (WK, B k)

2) EEEEo %S

3) ARk o%e

in vitro fEHkEE TIXFTE O { AR~ DTSR
a4 Il LE, XOROERILAMTTE
HOFER D B, AEINC O AR
DHE L FREEIROED T Lok LSz
BrEid s, AR ZHRAERL( in
vitro IZAVTH, F X bNEHFT CECHERR
b NES HTEME, F—EENz L Y, in vitro
¥E ¥ in vivo pkE T check TAEIZIDE
W L4E 5. B, Bond, Fliedneriz—<v

939

BB T —E 2 L, X Rubini®D 3=y
ZHED —FRZOWTH ZDEZHED T 5. B
W check Y% AEEL LTITONBENET
»5.

a) MY OKRE &

WD R DS ERROMET S 3 .

in vitro IRV B FOKE S WEE
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