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Increase of Hepatic Metallothionein Content Induced by
Whole Body Irradiation

Hiromichi Yamamoto
Department of Radiation Medicine, Okayama University Medical School

Research Code No. : 401.3
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Hepatic metallothionein content was measured in rat at 18 hr after whole-body irradiation. The
concentration of hepatic metallothionein was increased 5 fold in irradiated rats as compared with con-
trol. Prior administration of actinomycin D inhibited uptake of zinc into the liver and also irradiation-
induced metallothionein synthesis. Serum zinc level did not: change after irradiation, however zinc level
of actinomycin D treated rat was significantly elevated. From these results, it is concluded that mRNA
and protein synthesis is required at least in part for the increase in metallothionein content of the liver.
The total zinc content was decreased in spleen and thymus, but was increased in liver or kidney after
irradiation as compared with control. No changes in zinc content were observed in other tissues. Serumn
corticosterone level of irradiated rat did not change as cornpared with control at 6 hr after irradiation.
These results suggest that zinc derived from tissues or cell damaged by irradiation accumulates in liver
and this in turn may induce the synthesis of metallothionein.

F @

19574F, Margoshes & Vallee iz L - T v =D
BEEENL CAdR2 4R ETAE0F0ERYE
& LTHR Ehiz Metallothionein 439, Z& /b2
DEBHATEERZEND I IR K7D, O
EAENCADOHEIC L > THEIhDZ L2
MR THBETHBY, F08H, Z0FHIX
In, CUBFI I > THFHUX B Z LB LM
T, Fridhre v A L ATY
BEHINDLZEVREINDBICE Y1029 chisg
DB T ABEDOHFTFASLEB IS
Iowitotws, BEF GBS V]
#+C Metallothionein % & 5 5 \ 3N X2 5

(66)

bos LTk, BREZENL EB), #BR FH X
5, VUHEALRRA~DBRE, 7 FA{LFDRs,
MERE, = Freoviys XERE, =z
SR KRB O 5% LKA T W
5192 ot X REHCoOWTIR, Z0EH
Bh&REoO Cysteine ® Zn S E b, X6
BH#EO SHALEHR Zn i & OB E» HER
dh, BEZF CCERERBIIC L - TS
THEINT S ENRE I T B2 L,
T OO LEBPERSPEF OV TREEE T
D& A BN ER TV, Metallothionein
DFEEHEOWTRZn®r Aaarsag
PEERFREZTLEAALMLIAT VB E

AABEREE #46% H1%



L g 67

L1018 X R AR A o iF Metallothionein @
EincZ o= 20RFRED L S KBS LT3
PHALNMCT A RDIEERETVWETOREREYS
D T#RET S,
M Bk

K@y & LT Wistar REEZ » b (150~200
OFER L, BHEEZIIES X BREEEY
B L T20Gy(2,000rad) ® 4 B @& %17 - 7= (Cu
0.5mm-++ Al 0.5mm, ).69Gy/min), 7z 3 EEHRFIZ
R LIy — ek iR 2 B L L
7z, Actinomycin D (350% Propylene glycol-0.9%
NaCl iw# 5 L T800xg/kg D EIE TRATAT (2 Ff
) WIEREAN RS AT o fo, IBAH 18RI T ERIC
Ih 7yt HBERL, EESEYHEHLERCHER
L7,

Metallothionein B3 = DE B ICkEH L T
B InwRETAHETRDE, FEoMBTE
Mo E R IR, Sephadex G-7512 X % # v i
%17\~ Metallothionein SEICHELET 5 Zn B%
RFEREETHEL, -0 E% Metalloth-
ionein & & UT/R L7z, MWL B OHEE
i, 38%0.05N HCl THR L8, FRFRIN
ECHIE L, EfomanEY, FrhcigEg in
Z TR G RES, HFRL CRFEEETHE L,

= —H —%&H & LTH Metallothionein 11
Do EERERLE Weser et al D fEERBE I LT
Tofe, HEEE 7 v PIFL DTS EZ TR
L, Sephadex G-751Z X % #° A v a@ic X b # Metal-
lothionein # A I 7=, = @ 4 & » > DEAE-
Sephadex A-50CDA A+ Vaaze<= /57 4 —
iz & b, Metallothionein I, 11%f§7z. SH =1,
10-phenanthroline ®###EF, Ellman {&30C, &
HEREFEED T, M+ o Corticosterone Ei%
Usi et al. DBOIEESCTRIE L,

W R

(1) X #fEshic X % iF Metallothionein @0
X4 % Actinomycin D ## 50 & iz o\WT !
X 5B 81 18] T @ iF Metallothionein # 1z 3¢
3% Actinomycin D 50 BEE o>\ TUHE L
7. Fig 1 x@a, X BRSH, Actinomycin D
2 W1 85 5- PR 5T ¥ o BT 7] %544 418 © Sephadex

BEFI614F 1. A25H

G5 TO X A e Bieki 5 Zn, SH- L BEH O 5%
L=—H-—EBAOEM 2 —VvERLILIDTH
5, G-15TtD~<—»—&EH (Ferritin M.W. 480K,
Superoxide dismutase M.W. 32K, Rat hepatic
metallothionein 11 M.W. 6.5K dalton) o#H
R B =TI, = —h —EHTH 5 Metalloth-
ionein 1104 E & 555-65, 4 FIi10K dalton @
SECEH S hie (Fig. 1-A), 280 Zn oBEH
RE=YRADE, ZEHLDICMEODE — 27 iR
LTwiz (Fig. 1-B,C, D). LaL, xRHE (Fig.
1-B), Actinomycin D #5888 (Fig. 1-D) T
BREMOE—-7 0 ZnEZEMEELRL, B
(Fig. 1.0 TOR@/ERRL TV, D Metal-
lothionein ZEOMWEH D 4GAiD 2 % — 13 SH @
AR - EL—HLTWI,

Friffase Zn &, vIEMESE Zn &, 0§ Zn &
~®D Actinomycin D o5 #5T L7z, Table I
CrT Lo, XREHECTIEZNE, Tk
In & & bHBERICILE LT, Th X h38, 54% D
HWm»rEo bh b, Actinomycin D #58Ti
BATEDOOR I WL hEA LT uvie, —7, Il
B Zn B3, BEicE I hTw5 X 51, g &
BB THEDOEIXRD bhich 5o, Actino-
mycin D # 55 TXRBRO1. 7T/ < wilim L
7o,

2 X@BHBROMEGHELBFROLEB IO\
T ! Actinomycin D # 5 F CIll#E Zn O#EnH e
dbhicZ &b, ZTOBRERET 5 DR
DHEMAERE~DOEEYIRF L, Table I1 iR

A
Ferritin
S0D
}
o } O\
o @
\ ! !, Metallothionein II
o ".\
o LA
o \ /o o ®* %
o f \
J 1 o \‘. °
o 5 \
000 bmJ YV S
30 40 50 60 70

FRACTION NUMBER (6 ml)



68

ABArFFRA v

30-5 T T 5 1205
B Control o
.
(=]
. z
K} \ B | =
23| « A
2 o \ sz 108
5. ul
= o ® = i
= | A T . 2] ¢
s o J I8 : be L] O z
. o | Y %}, s
o off * o ] = =
001 t 00&, = =
Z % 0% CE X 1 g‘ S
o o0 > ]
N 0 oL : = . °°9‘booms:lh:¢m_0 & | 0 &
30 40 50 60 70
FRACTION NUMBER
,30,5 . T . = T20-5
C Irradiation T
. @ | ‘
\ o =
2 e
= ] { o -gl =
.3t o 4 =
§%° . 'f\ s @
32 3 \ ’ 052 110 2
E N ¢ o o 2 o® e ; L
L] [~
u \ol \ \m\c } o b 8 =
= ¥ o F9) o
So1l A TP | =] %
3] ‘o o o m‘? }'( » = O
E [+] ?Odd D" ‘0 % 1 8 -
N ol_d’ ? : % Yol o0& Lo
30 40 50 60 70
FRACTION NUMBER
i L D Act.D+Irradiation
o ﬁ
o =
= I ° E] »
=Znal o * o =
g% 8 \ [ \ ET1 E
g | 9‘0’ 0sL t10g
= 0? \ A w E
= = —
w g ] PN O =]
Z a | ppbb ! o..:d .\. - él
o c\: o°°° ‘o¥o0l = z
2] 00,0 ‘o Lﬂni u 8
= o ~? 9,0%( 8 -
E 0 Q O‘? 9 ‘ .CQ\-\ 0 o 0 )
30 40 50 60 70
FRACTION NUMBER

Fig. 1 Chromatography of rat liver cytosol on Sephadex G-75. Cytosol from
equivalent amounts of liver was applied to each column. Rats were injected
with 50% popylene glycol in 0.99% NaCl (control and irradiation) or
actinomycin D at 20 hr before sacrifice. They were killed by decapitation at 18
hr after irradiation (2,000rad). A, maker proteins ; B, control ; C, irradiation ;

D, actinomycin D + irradiation.
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Table 1 Effect of actinomycin D on zinc content of serum and zinc and metallothionein

content of liver in X-irradiated rats.

Liver
Serum-Zn
Group (peg/ml) Total tissue-Zn Cytosol-Zn MT-Znb
(ng/rr (/%) (ng/gr

Control 1.415%0.094 34.153+1.945 24.,320%1.145 1.937+0.697
Irradiation 1.513%0.107 47.367x1.271**" 37.905+:0.670* 9.601%0.648*
Actinomycin D) 5680 103+ **  40.433+1.168°***  30.430%£0.839**  2.503+0.185°*

+Irradiation

The rats were killed by decapitation 18hr after irradiation (2,000rad). Actinomycin D was administe-
red (ip) 2hr before irradiation. a, Concentration in micrograms per gram of wet weight. b, The metall-
othionein (MT)-associated zinc was determined after chromatography of cytosol on Sephadex G-T75.
MT-Zn is expressed as the total zinc content of all of the fractions that contained MT. Mean=+5D of
three experiments. *Significantly different from control (p<<0.01). **Significantly different from irradi-
ation (p<<0.01). ***Significantly different from control (p<0.05). ****Significantly different from irra-

diation (p-<0.05).

Table II Effect of X-irradiation on zinc content of various tissues of the rat.

Zn (pg/g wet weight)

Zh (pg/whole tissue)

Tissue
Control Irradiation Control Irradiation

Spleen 20.041+0.515 21.337+0.536 11.302:+ 1,722 4.672% 0.701*
Thymus 18.412+0.352 19.695+1.630 11.080: 1.470 6.903% 0.905*
Heart 17.951+1.081 16.965+0.796 10.760: 0.653 10.735+ 0.229
Lung 19.878£1.061 16.613+1.738 18.153:£ 1.239 16.617+ 1.647
Brain 12.238+0.783 11.998+0.493 20,827+ 1.995 20.730+ 0.767
Kidney 20.260+1.065 19.697+1.026 27.420 1.782 30,467+ 1.773"*
Liver 35.202+4.227 48.462+3.374" 255, 487:£21.247 322.265+31.907"

The rats were killed by decapitation 18hr after irradiation (2,000rad). Mean+5D of six experiments.
*Significantly different from control (p<0.01). **Significantly different from control (p<0.05).
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Table NIl Effect of irradiation on the serum
corticosterone level.

Corticosterone level

(pg/ml)
0.124%=0.048
0.342+0.078*
0.356+0.053% **

Group

Control I
Control II(sham treatment)
Irradiation

The rats were killed by decapitation 6hr after treat-
ment. Whole body irradiation was administered at a
dose of 2,000rad. Mean+SD of six experiments.
*Significantly different from control [ (p<0.01).
**Not significantly different from control II
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