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Left: male

a)  fiEI R UHERE S - 6 B B o EFEI
R EHERE L, DIgE 8 A CREICHERE L
W s BN R Y. 9 T AB LB
HbOh TIR pR LREE T A5 (FDAED 4,5
VB L, 3JhES M CEREERET T ) 2E
Hh B DT HLEFELITh 200,

b) MBI UMES © FAANH X P30k o i e
TIMERED B, FESDBIE L TR L
R ap0%R, @HTAYRRTEES DTR
Dk 3 1REG L.

HEHE DX FI»3) : Table 1 £

A4+ HfERE & B PER AR B iR 3 4
*EL, 254ELL EoEa A 550, HifE LE)
PDEBERTAE D b D OPEIATEEL D T, K
JR23HE T1:85~90mm, #f Tlx 111~ 115mmLLAN @
DO LTl i L. (REIC L BRS
RN OREREOETN Lo TEAE N EDT
fibh o=, )

¢ fHHE

(1) ez « mifehike U7 Eif) 1790
(HEOTPT, [HES2PT) % A=REMIZE 0 A T10~20pT
F1EEE LTkl (F 7 2484, %23, 3cn, 4
24 3cmzflE L, ZIROE T & » bz @B
Zos TR B Y OTPLHA0PT 2 HikE (R Az g
L, ML EE R E, QR TR
> b ICEI S BARAIE 2 ATV T WIRBE 2 R D,

Right: female

1417

Table 1 ko5l

L e
A (8Tem) |k ( 10dcem) |
B &2 R a '

R okE kb, Boka R N
HWL B

?k%é(ﬁﬁq%ﬁ

wHO ok FRCBERT 5 Tk <,

it 71,188 (PR zesE) | RiEME

il | Ao T B I b

(AR IR (FET ) (FERF)

ﬁﬂ‘_r =g§ﬂ;ﬂ]__’

SR R fFET S FiEw ¥

TH

W =R ek bR B b g
B OFHFIE| W v | B B

ELUML o ooy,

g8 iﬁﬁkif“ﬁ*m“m<R%
[ EREg

FEER oot il fo < s HEFR B AT 0 T g SR W

§-511b}

g,m%m&wﬁ,ﬁmmﬂﬁ

Fig. 2 Temperature of the water in which
Triturus lived after irradiation
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Fig. 6 Site of amputation and irradiated area
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Fig. T Mortality of irradiated male Triturus

(room temperature group)

%)
80

0 5000 1

,. /

“ |
T

o

2 / 600 I
- HJ_,__,J )
. B0t
o —4 = jjll T

Fig. 8 Mortality of irradiated male Triturus
(lower temperature group)

® I, 5000 T
" /}J‘
L f—j
L
Rrl
L]
n - 600 I
7

w0 JJ -

L[| r
o= 3 |£0__' ™1

— 118 —



ME344210 5250

Fig. 9 Mortality of irradiated female Triturus
(room temperature group)
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Fig. 10 Mortality of irradiated female Triturus
(lower temperature group)
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" Dose Number of . . Mortality |. F
Groups s Survived Died " in the entire
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Room &0 40 38 2 5
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group 5000 30 9 21 70
8 [ [ 4
Lorer 50 40 39 1 2.5
temperature 600 50 38 12 24 30
group 5000 30 7 23 7
Room 50 40 33 7 17.5
temperature 600 50 31 19 98 40
group 2000 50 20 30 60
? S 50 10 36 1 10
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group 2000 50 15 35 70
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Table 3 Macroscopic and Stereomicroscopic Findings (male group)

1423

Epithelial desquamation:

] AN
Necrosis: ]

animals with corresponding findings.

Dose 50 r
Time of amputation 1 4 [ 9
| after irradiation (week) |
| Time of observation ol ! ) | 14 |
| after amputation (day) T|14}28]63 | T|14) 2863 14 28 | 63
Mean length of regenerated tail (cm)) n| 2| 4 o| 1| 2 0,5
Room : olo| |o o 56[0 O |00P.0
Amputation wound closed (e]e) 00 QQ QQEE 29 00l00l0d Q(L
temperature Amputation wound open @ T @
group Epithelial desquamation ;
— e ]
Necrosis '
Mean length of regenerated tail (cm) 1|36 0|23 i 0,5 1
Lower = . 0| O |~~ O loclool o |[oglooe o
Amputation wound closed Q0O 00|00 00 00l05|00|00|00 lole) %%
. e B e e e e e
temperature Amputation wound open 1B® | ‘
| ] . . e | N
group | Epithelial desquamation - ) _!-_ .
% Necrosis ‘ |
600 T 5000 r
1 4 | 9
7| 14| 28| 6| 7| 1a]w|6| 7| 1| s 6|7 |14 | 28 | 63
0| o 0 |
O Q O (@)
oo| © 00 | 00 O | 0o
® @ Q@ | 00 o @6 ,
Ay
AA A FaN FAVAY ]
il EA i
EE =EHER | = (TR T HE | =B EE
| 05| 1 !
9] O O 0O o] Q O | O
OO | OO | OO QO | OO o] t
5 e 90 oo ® (00| i chioe|oe 00 o o
VAR 2N FAYAN
2R [ ]
| [ ] ] BE H EE [T | ] ] E@E
wound closed: @]
wound open: @ | Number of these signs in each column indicates number of

“0? in the length of regenerated tail means minimal regeneration not measurable

by means of vernier.
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Table 4 Macroscopic and Stereomicroscopic Findings (female group)

| Dose 50 r
[ Time of amputation 1 4 g
after irradiation (week)
Time of observation 1 i | 7 Al
&ttor minputation (das) | T|14)28]63] 7|14|28[63| 7|14 |28]63
Mean length of regenerated tail (cn) 0] 1] 4 012 005
Room . PR O My 0 Olaol o loo0. o
Amputation wound closed Q0 ool © oogz _EL 00 (_:iD 00|00 %
temperature Amputation open [ 1) @8
group Epithelial desquamation
Necrosis i
Mean length of regenerated tail ‘(cn) 0o|l2]|s 01535 0,5 1,5
Lower : " lseloolocloa @ilnaoo o |ooloelee
Amputation wound closed - ?.C_) [e]e) % Q0 00 (_39 3600 Q_O ols J3_O_Q
temperature | Amputation wound open eo ®
oD Epithelial desquamation i
Necrosis
600 r 2000 r
1 4 9 3 9
7)14|28163| 7|14|28 /63| 7|14|28 €3] 7|14/ 28 63| 7 ' 14 ‘ 28 | 63
0
B ol B Pre SO VR oYY R e 2¥ T o o Byl g
OQS O OOOC)_ i @] OOCQEH___ __3
@ @ o% i@
loe® e © Y ) (-1 ] ....O.'..l "'.'..*..'.. [
ay AN
s ! 2 Tk
m smEn B h| L
0,5 1 0
e [0 g £ ST R PSR R e I Q #5r Al
gooePTeolt 1 o) L] [EoRe0ed | ol {he
A 08 (22 e enc0 00 en 25 o seee @
AN
el =] IIiI\IiIIf IR B
wound closed: O
wound open: @\ Number of these signs in each column indicates number of

Epithelial desquamation: A
[

Necrosis:

“0” in the len

by means of ve

rnier.

animals with corresponding findings.
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Table 5 Tail Regeneration (male group)
o Time of i . : ; '
Amputation| Animals which| Animals Tail ,I‘?;Iilllﬂlléfsex;l;_ gt;e:%gail].eﬁgtg_
Group after had Necrosis | Regeneration | ..~ "8 o ratos g
I iati -2 3 2
| B ra%l‘;gon (%) (%) (%) (mm)
] 1 0 20 80 5 =
room S :
temperature 4 0 0 100 1
9 44 0 100 0.75
o ) 1 0 0 100 3.3
ower
temperature 4 0 0 100 1.7
L . 50 0 100 0.75
1 73 46 54 0k
room = ,
temperature 4 67 47 53 0*
9 64 82 18 ¥z
| 600r 1 1 46 23 77 0.75
ower
temperature 4 83 58 42 %
9 31 54 46 %
room
temperature 9 56 100 0 I
5000r
lower
| temperature 9 86 100 B 0 Ve
Non-irradiation group 0 0 100 | 2.5

* **0” in the length of regenerated tail means minimal regeneration not measurable

by means of vernier.

Table 6 Tail Regeneration (female group)

- Time of Tagg o | ; PP -
B . i1, [Animals without| Animals with = Mean Length
- Amput:atmn Animals which 'y 1) Regenera- | Tail Re:sg:en:era-l of Tail Rege-
Group after had Necrosis tion tion nerates
I jati 2 5
S i aon (%) (%) (%) (m)
| 1 13 0 100 15T
room i
temperature 4 55 17 83 1
9 57 6 94 0.25
S 1 1 2 0 100 2.3
ower — i F il
| temperature __4____ 17 0 100 1.7
| 9 38 0 100 |
1 64 73 27 0+
room & . r
temperature 4 al 1L 50 L i
9 70 100 0 i I
600r | 1 39 39 61 0.75 %
lower
temperature 4 3 100 0 0
9 75 75 25 4
room 3 86 57 43 /
temperature 9 83 100 0 Fa
2000r : -
lower 3 90 40 60 )z
| temperature 9 ) 100 Bl 100 0 ye
___ Non-irradiation group o | 0 100 2.7

* “'0” in the length of regenetated tail means minimal regeneration not measurable
by means of vernier.
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Bigo g cgbh, FoE e ag
JE2 L OB O S 0BT LT s, HF

Fig. 11 Histologic picture of normal Triturus
tail
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% |.i 1_|.|,L‘;.ﬁ:;:$;j;ﬁ - -C [P ;5 11)12)13)14)15) .

b)  JEH U R CRALERD ORI (Fig.
12) = Gl 7 BB BRI PEDE Y e L7 B
DYMENEHE Lz RS B Y, RS
2%, T A RN ETRIE o 25 3 A K

Fig. 12 Histologic changes of amputation
stumps (non-irradiation group)
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Fig. 13 Histologic changes of amputation
stumps (previously irradiated group)
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Table 7 Grade of Regeneration (Histologic Fiudings)
Time of Time of |Non- | 30 r
histologic amputation | irradiation | [
observation after group () | ¢
after amputa- | irradiation [~ | room | lower Toom lower
tion (day) (week) o ¥ | temperature | temperature | temperature temperature
1 I n | 1] Il
L 4 o Il Il N T N T
I NN | I O BN ] Il | i i
[ 1 I I I Il
14 4 |l m| o1 I I o I
9 | I 1l i
R T ' v v v v
28 4 |v W Vo v E I v
9 ; I I { I [
1 i v v , v v
63 4 v |uw | v v 5 v v
9 IV IV | 1V IV
600 T 2000 r 5000 r B
() | { & )
room lower ‘room [ lower | room | lower room | lower
temperaturetemperaturetemperaturetemperaturetemperaturetemperaturetemperature temperature
|
] s | @
1 o 1 | I I
L B B L[ .
1 1|1 i I_;m
| Il | Il 1 ! I I | 1 I 1
x| m | @ | 1 | o
N T I W i M N
I I o 1|1 1 I [
| 1 | I 1 [ I
_:—I]I_—: R ‘ 1 ot il 1 I
1 1 1| W TREE |1
Grade I  Epithelial regeneration is beginning or no regenerative process is seen.
Grade II Regenerative process is still slight.
Grade III Wound closed with thin epithelial layer.
Grade IV Epithelisation complete; all components of tail tissues regenerated.

amputated 3 weeks after irradiation.
all animals died before the day scheduled for observation.

UHEAIRIEA A & A, B OBEEES i3 akg i
Jg &I EIFENE b 28N LT B, Y14 H
Iz AVENE U7 EEAITEA ETEE L, [
A oZENE, 2o oh TEREMR, [
T RE ORI IR sh, FEHL s 2BTE

MR L Tsk3, Ykre8 Az BhE, L
WBITEITHRBEALDUREL, MREMEMOKN
G EHOBHEFENE C o 5h, BEARLVL
BoOMEATA SR s 5, UM6e3HEBII®T 5
& B EE F R 20 T L Eo i iER L,
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Fig. 14-a Grade I

HARREZHHEMEE $£19%2 ®£75§

]E‘lg 15-a Grade r

|
i. I
1
i

e
¥ o
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Fig. 15-b Grade I

D, Zhb OBEEMEIE L WAHEE EET R E o
FIc@BHEEZAETCTWS, HEMIZ AL 28
AEIEEM 5 Ak D, [EFAERE O ORI T
— b He D P AR 2 T 1 o T L AT
LTw3b 0, RZLHEROALLAZ DD
b »% (Fig. 14, 15).

BT « ARRANC D BEEEIRNC b 3 72 LA
B4 bhaeTt, ARMCSEEzZ4o L 3
eSS BB E A £ o, MARREA T
T Dz, %iE, B EmE & B o
BAE, X0 s 5 EMREE LBk
AFANE O HER & /N, B RS A IR TR
eSOl R R, R OGO
0, AESEEA AT O I, ST o 1 in,
O EANE, BFEMIEORM, 60 B
Baoiad:, FHRMNE DM O MR 2 72
71y o (Fig. 16, 17).

1B B 2R I0NB oA, A
Wil b DL RL T VEAZLD L Z DR
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Fig. 16-a Grade II Fig. 18-a Grade III
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LLE®D X Sz iR 2w T, JEiK
GiEE. SRR ORI * Ol s T

AARRZHA &M $19% $7 5

Fig. 21-a Grade IV

—— [

H, 140, 28H &U6a3HEEMS M EZET 5
& Table 7D X312 5,

HESOr ¥ : BN 1 BE YO b DT, Gl
T H, 40T L ERR O BRI
FEOT BN, ZDMhCIXlmE o HAERE 12 22
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Fig. 22 Schema of Histologic Changes
(in Amputation Stumps)
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Effect -of the Irradiation in Lower Temperature
on Regeneration of the Amphibian Tail

By

Akira Ashizawa
Nagasaki University School of Medicine,
Department of Radiology
(Director: Prof. Dr. H. Tachiiri, formerly and Prof. Dr. M. Tamaki, at present)

The influence of temperature at the time of irradiation on the radiobiologic effect
is still a problem to be studied.

The tails of male and female Triturus pyrrhogaster were amputated at various
time intervals following the tail irradiation with various doses of x-rays (60 kVp, no
filter). The irradiations were done both at lower temperature (1°~8°C) and room
temperature (21°~24°C). In addition to the investigation of survival rate and living
habits of the animals, macroscopic, stereomicroscopic and histologic examinations of
amputation stumps were carried out at various time intervals after amputation and
the results were compared of both temperature groups.

In general, the radiobiologic effects (particularly inhibitory effect on tail regenera-
tion) are diminished by the cooling at time of the irradiation with small and medium
doses (50r and 600r).
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