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The Effect of Radiation on Ehrlich Ascites Tumor Cells
(Part 2.) Effects of ©Co Gamma Ray, 29 MV X-Ray and 29 MeV Electron
on Cell Nuclei of Ascites Tumor Cells

By
Kunihiko Yoshikubo

Department of Radiology, Jikei University School of Medicine, Tokyo, Japan
(Chief: Prof. Kazuomi Nakahara)

From the data obtained with hyperdiploid Ehrlich ascites tumor exposed to 69Co gamma ray, 29
MV X-ray and 29 MeV electron, these three different types of radiations were compared with ragard
to the changes of mitotic rate, micronuclei, polynuclei and aberrations of anaphasic cells on irradiated
ascites tumor cells, and the following results were obtained.

1. Observing timely the mitotic rate, micronuclei and aberrations of anaphasic cells after irradia-
tion, there were differences between three types of radiations, however, no difference in polynuclei was
seen on these three radiations.

2. Comparing the total number of above changes after irradiation, when the hasis of 8Co is one
the 29 MV X-ray was 0.87 and 29 MeV electron was 0.92 in mitotic rate, in micronuclei 29 MV X-ray
was 0.60 and 29 MeV electron was 0.62, in polynuclei 29 MV X-ray was 1.0 and 29 MeV electron was
0.95, in damaged cells of anaphase 29 MV X-ray was 0.85 and 29 MeV electron was 0.88, in chromosome
bridges 29 MV X-ray was 0.78 and 29 MeV electron was 0.81, in lagging chromosomes 29 MV X-ray
was 0.59 and 29 MeV electron was 0.58.

3. %Co gamma ray was most effective than others on these changes, but no difference between 29
MYV X-ray and 29 MeV electron were noted.
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ELR TV,

FERHE4S 2T & 7o mammalian system (2%}
TAHE=FNAF - RO E B T 5 fE T
i, PEOEREREE L LoD T R
W, X LIBHE O LT OV TRERAICTHIZE
L7-Bige s IR in 99,

T ZCHEHL ¥Co v R, N—x e VICXD
290 MV X R 029 MeV BEFHDOZHFICONT
hyperdiploid Ehrlich Jks#o#iaoze(k, &
VYRR AR & U T O E R RS EE
A BigE L.

I EBRHHEVICHE

FEEFIE © S2ERIEYE & U L7z Ehrlich fi§
KEEEIATIZE (Ko 1) kb3 0EAL TS
b, Peftf¥4641C mode %45 LFH 6 %D pol-
yploid fifia% & A C\»% hyperdiploid (LLF2n
LIET) DFRMTHS .

FEERCF LB 2 A #2400 , {KE16~188
Ol O #fisR Swiss Albino =7 A TH 5.

FEE ¢ FENIIEBARCT B IEAKIE 0.2¢cc, Al
Jafic L T2 x10°~3 X 10" ¥ 7THEC Eie—=
v AR L, 7B BRI,

BB e 2L TR ) = AF L CIEELL
JofiE10em, K4 em, EE 3 endFEEREEFEHL,
£l o4 5 10 250RBHEZ R 22
Fo. PBSEME, “Co v UL SEMIRMIBERETS
em, MAHHEF10%10cn, f#ii3R46.6R/min, ~—x

bR VIZX B 29MV XERIRAHEF12X 12em, W
S1EFPI0> beam BREER HySic T 5l gl flatt-
ening filter Z{#ffi L, 20Me VBT IBETF12
x 12cm, FBAHEFPN @ beam BHREEA 54T 510D
0.5mmPb -4 (,5mmAl @ scattering foil % {f [
L7=. “EsE it Radocon (Prov. No. 607)
# IR & AR HIE LT,

AR O G tafh Bz ik, Faiiia s (SF0NE
B OV AELE D ¥ ¥ Acetic Dahlia Jefad =
WL DS LIV Lo TEARIER LBIEL
7=,

I SEERRLHE
(1) SDEEEINT
60Co oy 1, 20 MV X¥iT 029 MeV E 5%

HAEZGMRFSME B28% H15

B4 Lic SV o4 2B oW CIBETERT, RS
4R, SRR, 12F5fE), 24B5MH], 48RREE LN
TRRFRCHRZE Lot . BZ 4R 2,000MEH e &
Th B0 S REICH T THE L.

% OfEEL Table 1 ~8 vt Fig. 1, 2 WR$
TELTHE.

%0Co v $-CIXMBHHER 5.0% Th 5 H BEE
ATEMIT 3.1% LA L, 1285 7.3% & B
H24RF R CILECE T 5 .

20 MV X Cik B gtk 4 B T 2.0% &
L, 1205RT 8.2% & N4l 2 SRS
TEEAARL, 7T205ECIECET5.

Table]1 Percentage of mitotic cells after °“Co

v-Ray irradiation ( 250R)

— Hours Imrned. .
I’has‘:\"“‘h-J before 4 ‘ 8 \ 12 l 24 | 48 I 72

P. P. | 1.3% 0.9/ 1.3[ 1.5/ 0.9 1.6 .4
M. P. | 0.6 |0.61.31.7 1.2 1.7 1.2
A. P. | 0.4 ]0.10.6/1.30.70.3 0.3
T E. 2.7 | 1.5 1.9) 2.8/ 2.1 1.9 1.8
Total 5.0 |3.1/5.1 7.3/ 4.9/ 5.5/ 4.7

All samples comprise 2000 cells
P.P.: Frophase M.P.: Metaphase
A.P.: Anaphase T.P.: Telophase

Table 2 Percentage of mitotic cells after 29MV
X-Ray irradiation ( 250R )

Pha—o ety | 4 | 8 [ 12 [2¢ | 88|72
P.P. 1.39[ 0.7 1.1] 2.5 1.1] 1.1] 1.5
M. P. | 0.6 |0.5/0.9 2.3 0.90.6 1.3
A. P. 0.4 |0.10.30.6{0.2 0.3 0.
T. P. 2.7 | 0.7 1.6{ 2.8/ 1.4 1.3 1.6
Total 5.0 | 2.0 3.9 8.2| 3.6 3.3 4.8

All samples comprise 2000 cells

Table 3 Percentage of mitotic cells after 290MeV
Flectron irradiation ( 250R )

_ —
];};;.;\E_‘jﬁ“;‘;}fja‘ 4 | 8 \ 12 ! 24 \ 4| 7
P. P. 1.805( 0.6 1.0 1.4 1.1 0.9 0.8
M. P. 06 |03 0.6 1.4 0.9 1.6 1.2
A. P. 0.4 | 0.2 0.3 0.5 0.6 0.7 0.5
T. P. 2.7 | 1.7 1.4 1.7 3.4 1.8 2.5
Total 5.0 | 2.8 3.3 5.0 6.0 5.0 5.0

All samples comprise 2000 cells
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Table4 Percentage of mitotic cells after ©Co
v-Ray, 29MV X-Ray and 29 MeV
Electron irradiatian ( 250R )

91

Table8 Percentage of mitotic cells in telophase
after “°Co vy-ray, 20 MV X-Ray and
29 MeV Electron irradiation ( 250R )

“-m..____‘__“

All samples comprise 2000 cells

Table5 Percentage of mitotic cells in prophase
after “°Co y-Ray, 29 MV X-Ray and
29MeV Electron irradiation ( 250R)

w[o urs| Immed.
—_| before

ol

8 12|24

48 | 72

%°Co y-ray

1.39 0.9

1.3/ 1.5/ 0.9

1.6/ 1.4

29MV X-ray

1.3 | 0.7

1,11 2.5 1.1

1.1} 1.5

29MeV

electron

0.6

1.3

1.0/ 1.4 1.1

0.9

All samples comprise 2000 cells

Table 6 Percentage of mitotic cells in metaphase
after “Co y-Ray, 20 MV X-Ray and
29MeV Electron irradiation ( 250R )

‘Nﬂf'[mmed.’ 4 [

before

8‘12‘24

48]72

Co «y-ray

0.62) 0.6

1.3} 1.7 1.2

29MV X-ray

0.6 | 0.5

0.9 2.3 0.9

1.7] 1.2

1.3

29MeV
electron

0.6 |0.3

|

0.6 1.4

0.9

1.2

All samples comprise 2000 cells

Table 7 Percentage of mitotic cells in anaphase
after *°Co y-Ray, 20 MV X-Ray and
29 MeV Electron irradiation ( 250R )

I Hyurs| Immed.

XH_J immed.| 4 [ 8 |12 ' 24 | 48| 72

99Co y-ray 0.49) 0.1 0.6 1.3‘ 0.7 0.3 0.3

29MV X-ray 0.4 | 0.1/ 0.3 0.6 0.2 0.3 0.4

29MeV 1
£ 0.4 | 0.2 0.3 0.5 0.6 0.7 0.5

All samples

comprise 2000 cells

0.8

HoursImmed. Hours| Immed. o 1
\““‘Hr before ‘ I 8 ’ 12 ’ s ’ 48‘ a —__| before 1 s I B ‘24‘ 48’ 2
“Co yray | 5.0 3.15.1 7.3 4.9 5.5 4.7 %Co y-ray 2.7 1.5 1.9) 2.8] 2.1 1‘.9[ 1.8
29MV X-ray | 5.0 | 2.0 3.9 8.2 3.6 3.3 4.8 29MV X-ray | 2.7 (0.7 1.6{ 2.8/ 1.4 1.3 1.6
20MeV 5 = 20MeV - | ‘ ; oy

g i 5.0 | 2.8/8.3 5.0 6.0/ 5.0 5.0 - 27 |17 141734 1825

All samples comprise 2000 cells

29 MeV BFHRCITIRSHE AW 2.8%, 8
RET 3.3% &WA L, 24T 6.0% & 38tk
A8 CILE T 5 .

ChD 3TEMDR e B IR & RS U i-giia %
DREMNCONWTHRD &, Table5~ 8§ 1t Fig.
2T ZELTHS.

FlehBE (prophase) Gig, %Co o 2R
HHEAT 1.3%CTh 5%, FBAHRI12ME & 48R ¢
WiEETAT. 29 MV XSRS 12/ C 2.5
2 EMMDT3E X DIREETR L, 24R TRl g
5. 29 MeV BFUIBEES 8 B & CIEMER
AL, 12T 1.4% & EHEBFORD O 6%
3.

#ii (metaphase) “Ci%, %Co o #5113 A HHE H

0.6%TH B2, LML C72W/EC 1.2%%
Y. 29 MV X RaHE128E T 2.3% L 4
L, 48RfEIC 0.6%, 7285MC 1.3% %51

Fig. 1 Percentage of mitotic cells after *°Co
7-Ray, 20MV X-Ray and 29MeV electron
irradiation(250R ) I.B.: Immediately Before

%

]0’; - —— §CoY-ray
....... 29 MV Xeray

_____ — 29 MeV electron

1 ] I 1 1 I
IB.4 8 12 2 48 72
Hours

— 0] =
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Fig. 2 Percentage of mitotic cells in each pha-
se after ¢°Co y-Ray, 29MV X-Ray and 29
MeV Electron irradiation ( 250R )

% B0
5 ' — 80Co¥-ray
4 (Prophase) 29 MV Xeray
' ——— 29 MgV electron
B 4812 « "
. lours
4k [Metaphase)
2 L T T r—,
e ::_-—-"
2% 48 &
" Hours
4} (Anaphase) S

- ' .

2F Wﬁi% s RN -.E_ R

\.../f:r = — =
] . 4,8

B4 812 4 72
% Hours
4 (Telophase) o A
~ T i
2r \-{jz’ = =L
t 184812 2 4 Hoursrfz

29 MeV BT 1 2JBSHE 41T 0.3% & B
L, Bigim U cramfc 1.2% %7~ 3.
%3 (anaphase) TiX, ®Co o fRIT[RGIEH]
0.4%CH B DB 4 RET 0.2 L WAL,
12 1.3% & Hingk48isfE TRE T % .
20 MV XEUSIBHE AREHIT 0.1% LWL,
12 ¢ 0.6% & IEHE O EE LR L 72T
T 5 . 29 MeV EFHILIRAEE 4 Rl T
0.2% LW L, LAE#IIN L C48IRERT 0.7%,
7oHET 0.5% ETTMEICET B
% (telophase) T, %Co o I JRSTERT
2.7%CHBHRHSE ANHT 1.5% LB L,
120 ¢ 2.8% & EIEEFORY OEAZRNT .
20 MV X#BITBEEE ARHT 0.7% &AL, 12
T 2.8% LA BB oY AT . 29
MeV EFHNIIEE 8 el & CEfEERL, 24
BT 3.4% LI T2R ] TR ECE T S .

HARE S MESERE H28%E H15

Table 9 Percentage of cells with micronuclei
after ©°Co y-Ray, 29 MV X-Ray and
29MeV Electron irradiation ( 250R)

\\\Hﬂou Is

Immed.| 4 | g | 19|24 | 48] 72

before
NGy P-ray 0.394 1.7 1.0/ 1.8 0.9 1.0 1.1
29MV X-ray | 0.3 | 0.8 0.5 0.6 0.7 1.1] 0.
39NV . . .
e 0.3 | 0.2 0.3 0.5 0.9 1.5 0.3‘

All samples comprise 2000 cells

Fig. 3 Percentage of cells with micronuclei
after °°Co y-Ray, 20MV X-Ray and 29MeV
Electron irradiation ( 250R )

9 —— 8000 T-ray
“ = 29 MV ¥eray
——= 29 MeV erectrtm

S

| //\\/““x ____f__..___..__:-q——

1 ] 1 1 1 1 ]

1B 4 8 12 24 48 n
a Hours

(2) /INEBRO DT

©Co v, 20MV X RO20MeV ETH%E
S Lo X WO/ NS o\ CIRETE T, RS
AW, SESR), 12W5Rd, 24FfE, 48R§RIRDY
TR ZE Uie. #IZ03ifa 2,000f@h &
N B/ (micronucleus) DEH FE L.

FofERE Table 9 ot Fig. 3imd 2 &<
Chb.

©Co v R CIXBEHEN 0.3% T h 5o RE
AT 1.7% &ML, Db IREIEL b
ElEmT. 20MV XTIl RHHE R« i
L48HERC 1.1% %R L., T2RfIC 0. 4%l
3% . 290MeV ETHRCIRIBHSIE12F M D BIR
A HIIN L4SEERE© 1.5%, T2RERIT 0.8% %R
..a-'

(3) MR OWT

60Co 7 %2, 20MV  X# K 020MeV BT %
B& U S\ 0 SRR o\ T IRSHERT, MRAT
1% AREME], SR, 12W5R, 24F5f], 4A8RERHRUS
TORF R IZE Lic. R fiia 2,000 & &
hBH LM (polynucleus) D¥EHEL .

- OFERLL Table 100 Fig. 4icmT o &<

— 092 —
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Tablel0 Percentage of polynuclei after *°Co -
Ray, 20MV X-Ray and 29MeV Electron
irradiation ( 250R )

wfours[ Immed.
—__| before

1.0% 1.3 0.8 1.3 0.4 1.7/ 1.0

48 |12]24| 48|72

Co -ray

20MV X-ray 1.0 | 1.6 0.9 0.8 1.1/ 0.7 1.4

29MeV
electron 1.0 IO-Q 1.1/ 0.8 1.0/ 1.2/ 1.1

All samples comprise 2000 cells

Fig. 4 Percentage of polynuclei after °Co -
Ray, 20MV X-Ray and 29MeV Electron
irradiation ( 250R.)

. —— 80Co y-ray
% meeees 23 MV X-ray
2 23 MeV electron
1 1 1 1
B4 8 12 2 48 72
Hours
TH5.

%Co v HTIXIBHTER 1.0% DL D [REH
DEEHHE 1.7%, RIEME 0.4%Th v, RiSHE
ETCIE—EOMEMIXTED 5. 20 MV X Ci12R
HEROREE 1.6%, RIEE 0.7%ThH Y, &h
MBZECIZ—EOFEMTHD . 29 MeV BT
RTILBEHEOREE 1.2%, RIEH 0.8% T
b, FERRBIZ CR—EOHEMIED .

(4) Bz R owT

Co 7 i, 20MV  XEF029MeV BFiA
TR LIz S\ V0B 2 o Bf wouT BREHE
T, FRSTER 8 WG, 120, 24F5RS, 48myfR 072
e ffizs Lic. #is2diia o Bcis g otk
18 (chromosome bridge) T UtiEHYLfafk (laggi-
ng chromosome) 7% Y, LW hbiEHT
Hififax B & UCEE L. Yk,
HhRfE (centromere) % Otttk n EIMTE AL
TREE L CEIMC i~ B 35 WK Sh
5. B, Yefafk (chromosome) ¥ 721t
IEutafk (chromatid) A3G0HF ShC 43 aLE
fElTH (fragment) &, BRERREE 221 CEHIC
TTEYD T E I Yefhfk L 238 F T 522080

93

BRI B2 100ERIC 4 ¥ h 5 B i
&, ZOROYEEEE OB A0 A BE
L.

T OfERL Table 11~16F 0" Fig. 5~ 7 IR
FTIELTHSD.

R CIX, Co o MUIMBHER 4 B
U C24I5fl 44 E REEA R L, 720 T29%
23T 29 MV XERI B HH1R 2« N L C 4885
M T35% L EfER R L, T2MF I3 2%y w7 .
29 MeV B4 RS 8 W filhs B 248 % ¢30
~31% LEEERRL, T2 TCI7TY %R T,

Rt R B TIx, “Co o MEITIBEHA 1B D

Table 11 Frepuency of anaphasic aberrations
after °°Co v-Ray irradiation

( 250R)

T Hours| Immed. i

“‘x\&_x‘ before | 811224 | 48| 72
Damaged cell | 2 '21 98 [ 44 | 31 | 29
Chromosome .

bridge 0 |15|29(31|32|20
Lagging i ‘ y
chromosome 2 43 (29|40 | 33| 22

All samples comprise 100 anaphasic cells

Table 12 Frequency of anaphasic aberrations
after 20MV X-Ray irradiation
( 250R)

—

—~— Hours| Immed. |
\\_H before 8112|2448 | 72

Damaged cell 2 15| 23|25 |34 | 32
Chromosome ¢ v |
bridge 0 12 12716 | 35| 19
Lagging ) P
~chromosome 2 6115|1033 | 34

All samples comprise 100 anaphasic cells

Table 13 Frequency of anaphasic aberrations
after 29MeV Electron irradiation
( 250R)

——__  Hours| Immed. ;
“-\-‘\‘-""‘“-.._____ befol‘e ‘ 8 ‘ |.2 ‘ 24 48 72

Damaged cell 2 31|30 31|26 17

AT 0 [25|3(15]17| 11
bridge

Lagging |

chromosome 2 28|10 | 27|14 | 17

All samples comprise 100 anaphasic cells

— 93 —
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Table 14 Frequency of cells with anaphasic
aberrations after *°Co -Ray, 29MV
X-Ray and 29 MeV Electron irra-
diation ( 250R )

e Hours| Immed. )
~22" Before \ 8 | 12 ‘ 24| 48| 72
0Co y-ray 2 |2 %tu 31| 29
29MV X-ray 2 5)23|25( 35| 32
2IMeV 2 |31[30|31|26]|17
electron

All samples comprise 100 anaphasic cells

Tablel5 Frequency of chromosome bridges
after *°Co v-Ray, 20MV X-Ray
and 29MeV Electron irradiation -

( 250R )

== Hours/ Immed.‘ 8 \ 12 | 21 | 48 | 72
\| before |

“Co vy-ray 0 1629|3132 20

20MW X-ray 0 12127115 | 25| 19

2MeV 0 |25/35(16|17 |11

electron

All samples comprise 100 anaphasic cells

Table 16 Frepuency of lagging chromosomes
after “°Co y-Ray, 29MV X-Ray
and 29MeV Electron irradiation

( 250R)
T JHour Imed- 5 | 12| 24| 48| 72
“Co y-ray "2 [a3]29 |20 33] 22
29MV X-ray 2 615|101 33 | 34
prALLEN 2 |28|10]|27|14|17
electron

All samples comprise 100 anaphasic cells

Fig. 5 Percentae of cells with anaphasic aber-
rations after ®°Co y-Ray, 20MV X-Ray and
29MeV Electron ( 250R )

%
A0+
-
20
—— 8o 7-ray
wk L e 29 MV X-ray
——— 29 MeV eleciron
1 L —L.
72
% ) 44 Hours

HARESHHE BRSNS 528% £15

Fig. 6 Frequency of chromosome bridges after
#Co y-Ray, 29 MV X-Ray and 29MeV
Electron irradiation ( 250R )

_E? e mCO T- I‘ay
N 29 MV Y-ray
= 40 G A (R = S 29 MeV electron
E:
o]
2 30} i
g \ "\\
_:' e ‘”“--..
S ot i S
[=]
= e s
E; ““‘“""'--“
€ 10} h
=
] ]
43
Hours

Fig. 7 Frequency of lagging chrormosomes after
8Co y-Ray 29MV X-Ray and 29MeV elec-
tron irradiation ( 250R )

g ~—— 8o T-ray
- 29 MV Xeray
g wp 23 MeV electron
P — I
gl y \\\
= 01 X
= ~ R
> -
E0F
=
L 1
8 72
; Hours

A8IFFfE] & T29~32(@ &L WfEx AR L, T2REHC20{H
AT 5. 20 MV X IR # 120 E T2 71E,
ASRFE TSl &L R R T . 29 MeV FHUIR
Atk 8 IRF[H]-C25(@, 12WelE]C35fE & RfEEIR L,
LA LT 72 B CLERRD 5 |

Bk T, %Co o HUTIBHE 8 FEflT
A3fE L EEfEx R L, DA LT Tr2iREf Ta2
B 5 . 29MV X T HEH 518 2 1 HE N L 48
HC330E, T2 CR4ETED S . 20 MeV BT
I1IBEEE 8 W) T28(H, 24RERC27{E & %R

LA I

3 ORI DB OWEHR, Tichn ©Co ¢
., 29MV X T 0'20MeV B4 % 2 n Ehrlich
BT ES Ul S WO S 2R, /MY

Y
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B, SR, B ZMia o R T oW-TEGR
LicfRIk0ZELTHS.

FEUFE B L O BHE 4R TR b
EfEZRL, D#EfEnL T “Co v ERU29IMV
XECIR12MEHE T, 20MeV BT ClE24iefE©
KEfEER L, T2RRChEeE 5. Bk
WM E CcoNZBBEOHTZHE T5L @Co v
% 1.0& Liz4, 29MV X#8130.87, 29MeV
BIHR30.92% 7R3,

INETEROTEY U TR RO @ 24 bh
0Co v #H-CIT 4 B A & 12T B iE % 7R 325,
290MV X T 0'29MeV BT Cr48i I cRE
xR . BEET2MME E Co MR O U %
HErT 5L %Co v % 1.0& LA, 29MV
X#130.60, 29MeV FFHIL0.62% 7R3,

A B UCHLIBHERT 1.0% 0% 0,
MBEBAHARE S 0.4%0 0 1. 7% DA E %
T+ 558, EHERE L CII—E DEFENIF D To b
i, BHEETHM F oL MaD LR ik
TBHE 9Co v % 1.0& Licig, 290MV X§i
¥ 1.0, 29MeV EFHIR0.95% R

HIAS ZUEE Rl Ui B 0 i i
BEZx b ©Co o fH-TrL24FfET, 20MV X§iT
UTABRF Tl A Y /T A, 29 MeV BT T
Ik, 8D H24RFHICEER RS . BT
HE ToRIMS A EME OFRT 2 iz T 5 &
%0Co o % 1.0& L4, 20MV X#§13.0.85,
29MeV EFH110.88% R .

P AHITEE LTI IRSH R Wi gingi i b
0Co oy HTIT 1258 A HASHEE] T EME 2T,
29MV X T 0°20MeV T8 CLI 128 [HC e
{l% R LVERRA o3 R b b . BEHET2R
HEE coRpafiFofil v izt s & ©Co o #f
% 1.0& Lic#f, 29MV X#130.78, 29MeV
TETRET0.81% 3R T .

BB LB S E R s & D
i ®Co o @ U29MeV BFRTIX 8 R R U
245 TE\ED 2 HMEER IR, 20MV KT
IR RS < W BN L48RE[H] B Ot T2 ] T rafE %
AT, REHRTREHE  CoBIR A oM I
frda e ®Co yfg% 1.0L L84, 20MV X

95

#12.0.59, 29MeV BFHRIL0.58% T
vV E &

Hl#F ¥ Ttmammalian system® {025k, =
E B A REE L U TR o iiVE o Rh R
o el UeBFZei3 A 7o { ,  Marshak191010
RXBROHPETFOFHRICOWT, T HLEFE
S L — IR DO\ THA L
TWBHBDHRTHLH. L LIMoEBEHRE L L
HELE Y, FThbbE=F 1+ —-X{o RBE
Ci3 Sinclair #20@22MV XX 55 o FOD
LDy, Je0® *Fe fHER & f5EL & Licd D230.82
~0.89, Humphrey 4§89 1= 1 % chick embryo
O LDgy B = A K & 5B L Licd on
0.937%0%0.85, Jamieson #1911 %EnGHIINE
R E Lich 020.86, & A #iE ShTwb.

0Co o FRAFLUERGIR & T 5 | =R F ¥ —
X#poo RBE zPJL T3, Sinclair Z2Dp2oMV
X#icX b5y b LDy For *Fe {BERZ R
BELichb o 0.97~1.01, Humphrey 299 ¢p
22MV Xfiz X % chick embryo & LDy, Bt =
Y ABUKFEEIRELE Lo b DHY1.01~1.03, Ale-
xander#P 22MV X#iic & % drosophila #}g
BEE LD 021.03, EXWMEIH TS,

200kVP Xk FUHSH & T % “Co ¥
ZHER oW T b4 A4 B R DPReIND - HallD
OiRMMlax R L Lt RBE 730.84, Patteta-
Queirolo 9 <& 2 JGHERPIFE & Licd
DH30.67, Sinclair &5 , + o LDy, FF
“Fe MR L L L L ©7530.85~0.88, Hu-
mphrey 89 g5 chick embryo @ LDy, R =
7 A ARFEEAREE & Licd 023 0.92 T 10°0.84,
Alexander £V z 1 % drosophila #5FE X -
b DH0.84, FERPEHEEIR TS,

B=AA¥ —BFHE O RBE TIR19524E s 5
Becker %£® jz 1 % 6 MeV (N 15MeV T %
RCICHgEs S Y, HERE=F ¥ —BETHRIX
EMEXHRE Y IERARC S 2 5 83T,
[EBESCH L Tiddied & HBEXRERARE
DY 5 2 5 L& LT % . Turano 42931
72 + DEEOEBFONINE, WK, BHEOE
HZbD H15MeV EFHR D RBE 110.68~0.94,
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Markus'|3 = % L ¥ —EFHd RBE 30.71
~0.81H % EHMELTWB . BlficizoTiL,
Fritz-Niggli 298 p30MeV EFHic k% dros-
ophila » LD;, %5 & Lz RBE % 1.0, Zatz
FOD25MeV ETRIC X b EMRIGH $RIEE L
Tcd o 0.8, Burns® 30 MeV BFMIC X S
BERPZIREE L Lcd A% 0.8, Leskowitz &9 ¢)
22MeV BETFRIC L 5 RGHEEZHEE Lizbon
0.82, Mookerjee 518 pooMeV BHHIZ X 5
B R IRE L Lcd ©230.82, Schulz #2035
MeV BEFRICL 2~ AFETRIBE &L Licdb o
20.79, A 2 Twb ., Fritz-Niggli 2590
4% drosophila embryo % J§fE L LT3IMV X#
BU30MeV BTt A RS 1 BERE & 4 R
ZLTW5H, 3IMV Xt W IholETh
%@ RBE Z{b&iBd A%, 30MeV BT
THE 1.022B0.69C B L LTz Eah T 5.

Sinclair 22213 2 h BOWMENL, BoirF
—X# > RBE 04076130.752 0. 950 Bicidiz
EAEARBN, @ =RAF—BTH130.55 b
0.95D A\ FIFRICH e THML TS LHEL
T3,

EEOERCI UL, {HSRIREBOR
RFAVHZE CRIDOTBERRL, X bIEHRAR
Hizx LT, *Co v#sdi - ErL5% %
23, 20MV X R 0r29MeV BFiR ORI Tz
e Tnhote. FEOP AL IRE L fE, B
Lo ol L RAFOEERT Z 08 bh
To.

VI ﬁ \;iﬁ

2n Ehrlich JikEfime ©Co o g, 20MV
X B 0'29MeV BFEHEH L2 WO EY
ERE, MEIEE, SRAIRER OIS 2
DERELCDCTHEEL, kOBRELXEI:.

1. DZUEE, DI E OB ZRa 0 2
BT EHOHRE CRIin T BE LR Lz
2, SR W TIZER S TepsoTz.

2. BERESHE O £ LR IREE I AL ST s
TBE ©Co g fix 1.0L LIcEE, HEFEEC
1329MV X ##130.87, 20MeV FEFHIL0.92, /]
IR Tr329MV XE130.60, 29MeV BFEIT

HAREZRE RS EHE H28% W18

0.62, ZEHIATIZ29MV XHIT 1.0, 29MeV
EFHL0.95, BN ZIREEMIECIZ29MV X5
1%0.85, 29MeV TEFH130.88, Ffa{kiE clioy
MV X##130.78, 29MeV E141130.81, JEHY.
fuff Clz29MV X 130,59, 20MeV B4 13,
0.58TH2f.

PLEDRER X b, ®Co o fRosh R ik 4 A%
<20MV X T 029MeV & FH ORI CliE%
BDinhoiz.

(EisxoEgs e, MFdlE I i 8 B H A HUNHRE
FFTRTREL L, MR RL ARSI Rk
>Tiibhi, ZLBLTEREYET 3. )

FERBICY D, RETRIC IS ER e 8 ke
B % o 7o JE A o SR — 2 08 3 T B SR IE 3 B 03, Bk
BB, WA - R s e T s 2 S
W, Al MBS AR S
FMme RBEL 3. B, <2 b e vFA o
E 52T Faok iFBEYES U ERERERiT
B, YO ERESEETM o fES iRy A
FtRFREEC BB L 2.
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