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Effect of irradiation on normal organs:

Effect of X-irradiation on the excretion function of rat liver
by

Kazuhiko Bando
Department of Medical Radiology, School of Medicine, Tokushima University, Tokushima

(Director:  Prof. Fumio Kawamura)

Research Code No.: 404
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The liver functlon of a rat after a whole body irradiation, local irradiation on liver, and whole body
irradiation with liver shielded was examined by 8![-Rose Bengal (**'IRB) method using a scintillation
camera. The effect of prior administration of some chemicals on excretion of BIRB after irradiation
was also studied.

1) BIRB excretion occurred in two phases; the first phase (E;) and the second phase (E). The
excretion curve was dissociated into two exponential components; the line corresponding to the second
phase (E) and the line of the difference between the first and second phase lines (E4-E).

In non-irradiated rats, the mean excretion time for E (Tg) was 64.8 min and the mean excretion
time for the [E;-E] (Tg-E) was 19.3 min.

2) 'The mean excretion time (Tg) was markedly prolonged at 3, 6, and 24 hr after whole body
irradiation of 1000 rad.

3) At 6 hr after local irradiation on liver with 1000 rad, prolongation of the mean excretion time
(Tk) was clearly ohserved, but its extent was less than that in rats given a whole body irradiation. After
a whole body irradiation with liver shielded, 1*1IRB excretion was prolonged only slightly. Significant
prolongation of ¥!IRB excretion following whole body irradiation is considered to be due to the direct
and indirect effect of irradiation on liver. _

4) Radiation-induced prolongation of B!IRB excretion was reduced by prior administration of

glutathione, adrenochrome or tranexamic acid.
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TCHHRBR G 33 % A% 0 RS2 M LB
B\ & T BRI A R 2 b,

T i85 G ot P T 0 R B D5 B i T R rE e e &
EHFIEHRLBEbha o L XY, Fickd 5%
HiIWb0LELHHh B9,

FEOWRPRHH & h 5 HIIESHC 3\ C, 3000
rad Ll b R CUREE AT R e S B e iR
BHHRBAW, WA, WEERA, HEOr
HDVILBER B X YR —ERTY®, T
ICR T 2 MR IRAHR O LB BRTT < & M
QEEX T BVIe

Taplin B0z k p S X fuys 1B Bz Rose
Bengal (L)F ¥IRB rmg3) 1o X 2 HEREH
&, GRS JORrlatsse oL B L, B
e, RUNCHFBEROLEEIMb LN TED L
Vi UT L 2 PN

AIEFIT I T, BFERIBE BRI 5 MogH
B OBEERR L, EHIZREE L LW B
35 HIT, A5G, FHBMESs X Ok
EHBG o= o %, BEEONTHRIEEZ L
% BURB PREEERC TGRS L

JegtiriasEo H &icoT w3 gl X 5 Jif
fadso B % H9E LT, IFEERET b %
glutathione B, WEHHC X 5 METRICA < b
FUD TN A SRR o g o0 72 25 D adrenochrome
W kY L OF tranexamic acid & fju~, MBSO
IF> BURB Pt fege 23 2 34y OBty
B b DR BRES L.

EERAE
Sl & LCix, Wistar 5oy b, KR
200 8 D iy o, B E B (v = v
ZA/AMF 2) B LOKICTHETF L. LRy
VIAHRRE, BT L L A 518 TH B,

MEaix, puls 111 2.0 psec., {80 puls m-3 L
AHPTO 6 MV X T, FAEEIT 100 R/T
I7ie27z, FAEGE 1 Radeon fdiif (Probe
No. 606) # v+, JE& 4emd Mix DP 7 7 v b
— A OB OB HLHER L E L

BHhra g REt, FFRRE, s g Eat
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T, FiFik 5003 L 001000rad 1 [WESTH 5.
B GRE T 1L 500rad o 1 614 B EE A Fro
fe. :
FER AL, XEhBEEIC ThED 2 1o e 8 4
Lz HFifilegEghs, L EE 5 cndif
RO 7 r oy 7 THO A BEP fTo k.

131].Rose Bengal (“*!IRB) 50uCi % /) B e 7k
0.6eccitfifiL, =—#AKBOT TS » FRH
DRPIC IS L7,

BURB R MR, VW v=H 2 5T A
eV —ARa—-7 Lol v s s, Fikil
Yok O, TESHER 54y & D 5 AMER 904 F TR
LT3kt (Photo. 1),

BURB RIS, 1000rad 425 FREIRE

50 min after IRB inj.
Photo. 1.
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ICCIBEES 3 B, 6 B, 24B$R DR DF D
O T BIRB OF4F&AT\, 500rad £Hd
I8, BFERSRE S X Ok s B SRR I 3
WIS 6 BEfHlic *UIRB 235 L, RERAY
HOHEIE 21T o7, RS T, B0
ko, RILHl glutathione (100 mg/rat), adreno-
chrome monoaminoguanidine methansulfonate (10
mg/rat) 35 L {¢ tranexamic acid (40 mg/rat) %
FRERT30MC IS L, WREHE 6 Refdlic ¢
BURB a5 L CHUHENE R T, [REHED
[FF *URB PRtEshEIC K 5 A DB A BRI L
prol
ERIER

L. JElG 5 » Mgkt BT BIRB EfigEt
#2Hh# (Table 1, Fig. 1)

BE L5 v MIFICKIF 5 PIRB ERHE
REfggix, "IRB A 5 HHICI VT Tl
REFRDOY il 2, 105 BTk oZfiR

Fercent uptake

%
1o

3

M
o
T

o

HAEZHHMEERE B4E8 B15

R
log y=2.085-0.007% g i
Te, =519 .
™~
\\& ¥=2080~0.0067x
) \'r\::aa.e
L
\“‘
\\
log y=1.202-0.0226x
Tie- €12 193 min

1 1 L
20 a0 6O an
Minutes after IR B inj.

Ifig. 1. Excretion of '"'I-Rose Bengal (IRB) in

rat liver

Table 1. Percentage uptake of '*'I-Rose Bengal in rat liver after whole
body X-irradiation with 1000 rad

Irradiated groups
Time after Non-irradiated e
injection group Time after irradiation (hr)
(min) (Control) —~ —_
3 6 ; 24
5 | 91046 | 887+£30 | 8.6+68 | 92.1+59
10 100.0 + 0.0 | 96.7 & 2.2 98.2 + 1.7 97.7 + 2.0
15 | 943+4.7 | 100.0 :* 0.0 100.0 & 0.0 100.0 + 0.0
20 [ 85.8%x51 | 94.0:%3.3 94.3 £ 1.5 93.3 + 3.5
25 80.1 + 5.1 89.8 * 3.7 90.2 + 4.9 83.1 + 5.2
30 73.3 + 4.4 83.0 * 4.9 87.8 + 3.5 81.8 + 4.7
35 67.4 £ 7.0 77.4 £ 4.0 84.0 + 3.4 | 76.9 £ 4.9
40 59.2 + 6.0 73.7 + 4.3 79.0 &+ 4.9 71.1 + 5.3
45 56.6 + 7.5 70.4 + 4.1 74.8 * 5.1 66.7 + 8.2
50 50.8 + 6.4 65.3 £ 4.0 69.3 + 6.6 63.3 * 7.7
55 46.6 + 4.2 62.1 = 3.7 64.2 + 5.3 58.4 + 5.6
60 42,6 + 5.2 57.3 + 4.3 60.1 £6.2 | 553+ 5.7
65 39.8 £ 5.0 54.3 £ 2.8 57.9 £ 8.0 | 55.0 *+ 7.3
70 36.9 + 4.4 50.7 £ 2.7 53.9 £ 6.4 | 51.6 + 2.6
75 34.2 + 3.8 46.7 + 3.8 50.7 £ 7.0 | 46.9 + 2.8
80 31.7 + 3.7 44.3 *+ 4.9 47.9 + 6.7 | 44.6 + 1.6
, 85 | 294 + 3.9 43.2 £ 5.0 £28+71 | 44.2%24
90 i 27.7 + 5.4 40.4 :+ 4.8 4.2 £ 177 | 40.7 + 3.3
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AT, 2T, 4090 K D504 E CHREGEERY
WCEE L, LA, HEftomEE LTS oy
5 7 O TR o PRI fR % LU o < 767 L7
(Fig. 1).
BRRERRLRTI00% L oEftoeeak
1M G MHEPEESRIER ) B X 00D
DR © @ Benls 2 M (G5 2 kSR
E) €4, koBooEigiigiRel.
JEMRST 5 » b D 1 AHPREER IR (B ol
Higiix log y= 2.085—-0.0075x &7/c5. v (3%
KETEE (“IRB 4442104 DHIEME) i+ 2
AT, x WESHERR (4) ThB. = oEk
ik X bRep7e BURB DFHED /e ik 55
EHEIE R (Tey) 1157.94> & 7 5.

URB JE4H#407r EABE DS 2 4 o Pt g
(E) oElgih#EiL log y=2.040—0.0067 x +
b, &2 HoVHaPtie (Te) 1364.84r &
5. % ORI (B) &5 2 Hogkig
gk (E) Loz BeE) HifRd ¥ el
Mg &7 b, log y= 1.202—0.0225 x THEb X
h, & OGS (Tere) 131935 & 70 5.

5 v MiTo SIRB ORI, F2 Ho
PRISREGR (E) &7 SEEREHR % 3o
(Ey-E) 7ehiigofnd LTEB SRS, §2H#
o BIRB HRfRMEE () @irfile & v Ah
Hhic BIRB ofhligErEbLL, (EE) i
FREIFPME X b A7 BURB Oig4 8]
LTwd Evbb0T?, LIToRERICKE T
&, BAtshics o FFAIRRESREDOZEIL L LT,
8 2 Moo PRt g A B - LOBE L.
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5
S v M '*IRB PEftEaERN 3 5 a4 &1
SoRa, B 3R, 6 ik X U24m5HE
o\ THRE L7: (Table 1,2, Fig. 2,3,4).
1000rad —[o] 4 By BEAHES 3 Rfiic 3115 5 » b

ook 4 8 3

| ﬁ j”?tﬁiﬂN

2 sol- ~~~

% AT
* N

=== 3 hr alter irradiation

—o— control

e L i i 1 1 1 s
0 40 &0 a0

Minutes after | R B inj.

Fig. 2. Excretion of '¥'I-Rose Bengal (IRB) in rat
liver 3 hr after X-irradiation with 1000 rad

100 LI

Percent uptahe

200
=== & hr after irradiation
—o-— control
10p
1 I 1 L L 1 L i
20 40 B0 a0

Minutes after IR B inj.

Fig. 3. Excretion of '*'I-Rose Bengal (IRB) in rat
liver 6 hr after X-irradiation with 1000 rad

Table 2. Excretion of *'I-Rose Bengal from rat liver after whole body

XK-irradiation with 1000 rad

e ey | Excrstion cuve tan reretion [ e prertmentall (55
Non-irrad. (Control) | log v = 2.040-0.0067 x 64.8 100
3 | log y = 2.078—0.003 x 81.9 126
e M_"_i_log Yy = 2.114—0.0055x |  79.0 122

= = = e | vy _.._._______!___.______.___E_ R
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Minutes after IR B inj.
Fig. 4. Excretion of '*'I-Rose Bengal (IRB) in rat
liver 24 hr after X-irradiation with 1000 rad

[FFo MIRB HHEIL, HHBISHC TRAOHE
BERERL, RS » P L 5 0@Bhail
W bhb (Table 1), HRESE MR 0304y X b 904y
Offis BRB A (E) % log y= 2.078
—0.0053 x g b, JEMEHE PR L
EFHZP B2 DT VA, X bhaRwiSE
B (Te) X81.070 &7 b, JEREREO

HAESBEARELME MH3ds B19
64.8571CIL L 126% OfE% /R LT\~% (Table 2,
Fig. 2).

TEHH% 6 BFIEIIC I\ ~Cik, BURB 4 X b 154y
B TRKROERERLR L, U, D5eh ik
MR 2 R~ iRl ik log y= 2.114—
0.0055 x Ligh, PHEEERR (Te) %79.04
Lilns. JEMRGHFE OFIEHEI I L L 122% ©
fE% 7R L T\% (Table 2, Fig. 3),

G LR GHE24ARE TN 30\ T B R DR 4
#15pic A b, £ oPrtR oG log v
=2.049—0.0049 x Ligh, SFEEPEMEERNIER
WRED 1375 bh1-588.640 L7 b, IeRIEREH
k%35 (Table 2, Fig. 4).

1000rad —[al4: B BESHZ 3\ TIL, JFo BIIRB
SESPEIR RN RS 3 IR, 6 RERSIRe T 1 &2
IR IEA RS B (p<C0.05), 24MERSic s\ T
s h w388 (0<0.05) Thot.

3. ARG, BFEIRATIs X O g i
Gto> URB HEMEER I

Table 3. Percentage uptake of '*'I-Rose Bengal in rat liver 6 hr after

XN-irradiation with 1000 rad

. Time a}f!:er | Irradiated groups Non-irradiated group
e | Wil body tod | Lo teq | Whole body imad. | (Control)
(min) | Whole body irrad. ‘ e with liver shielded |
5 | 8.6 £ 6.8 | 8.6 £6.0 | 797 £7.6 | 9.0 £ 4.6
10 ! 98:2 + 1.7 | 95.7 £ 1.8 | 93.2 = 4.8 | 100.0 + 0.0
15 [ 100.0 £ 0.0 100.0 £ 0.0 |  100.0 £ 0.0 |  94.3 £ 4.7
cedimie 20 . |, ...94.3 % 1.5 95.5 + 2.8 | 93.9 + 4.1 | 85.8 £ 5.1
L2 90.2+49 | 88.4%32 | 88.4 =24 |  80.1 * 5.1
- 30 87.8 £35 | 8.3+ 4.1 81.5 £ 2.2 | 73.3% 4.4
- 35 .. 84.0 £ 3.4 78.7 + 5.8 784 +28 | 67.4+7.0
40 [ 79.0 + 4.9 75.7 £ 7.5 75.0 £ 1.5 59.2 + 6.0
45 74.8 + 5.1 70.3 #+ 9.1 69.3 + 2.4 56.6 + 7.5
50 69.3 = 6.6 64.7 £ 9.4 66.0 + 3.4 50.8 + 6.4
55 64.2 + 5.3 62.6 + 9.7 61.0 + 3.6 46.6 + 4.2
60 60.1 + 6.2 57.4 £10.5 54.7 + 2.7 42.6 + 5,2
65 57.9 + 8.0 53.8 *+ 9.8 51.2 & 2.4 39.8 + 5.0
70 53.9 * 6.4 46.4 £ 8.1 | 18.2 = 4.8 36.9 £ 4.4
75 50.7 + 7.0 43.3 £ 7.5 44.8 + 5.1 34.2 + 3.8
80 | 47.9+6.7 | 39.8 6.1 2.5 +54 | 317+ 3.7
85 42.8 + 7.1 37.8 & 6.0 39.3+6.7 |  29.4 + 3.9
90 : 41.2 + 7.7 37.1 + 6.7 36.7 5.2 |  27.7 £ 5.4
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Table 4. Excretion of '*'I-Rose Bengal from rat liver after X-irradiation with 1000 rad

i
Won-irrad AContral) [

Whole body iread. Fiss
LIRS s
st
.% S
R
e S
3":3::':-.%}:' 2 &
REODCRe SO0 Sl

L

liver ireac.

Whole bedy irrad.

‘with liver shielded 3 L

L
100
Ty experimental / T contral

50

Fig. 5. Excretion of '"I-Rose Bengal in rat liver
after X.irradiation with 1000 rad

IR RT3 B g R &R & LT, fF8:
i s EigEolE L e, 48Ry X 5

- I Rxcefionoie - | . ﬁ?ﬁf‘hﬁ“&ﬁ;_ Ty %‘qnir;ﬁ?—au(%
Non-irrad.(Control) ! log v = 2_0_1{}_.0_0(]_5;3( i_._....._ o 64.8 I ;{i]_—__i
‘Whole body imad. | log y ;;;_11‘;:5‘_&;5;,;‘“"“ T T
Liver irrad. log y = 2.113-0.0061 x | me ™

YDA B AR LI S b TunBL ek
T5 EEE L MEESR” L ERHET 5 H
BT, BRI 2 FFRPTR S X O
Wz IRgt o SURB PRt 5 R
H, L7z (Table 3,4, Fig. 5).

1000 rad —[BI[FF#1 /R A BESHEE 6 ] 12 35T
BURB %L, % ofplERihigd e L.
BIIRB {EHELIMC TR DER 2R L, LI,
W AHeMClAT 5. oo EitiE I log y=

2.113—0.0061 x L7c b, Zh X hRDISEEHE
M (Te) 371.24 Ve %, FERSHFEOFY
PRl 064.84r X b BB A KN ( 110%) L

Table 5. Percentage uptake '*'I-Rose Bengal in rat liver 6 hr after X-irradiation with 500 rad
Time ‘?‘fter Irradiated groups Non-irradiated
mnjection — = 2ron
(Jmi:n) Whole body irrad. Liver irrad. v}i\i{:‘)%fv?gi;rdzdd. (Cf}ntrgljl
5 80.8 + 5.6 84.4 + 0.7 86.5 £ 1.9 91.0 £ 4.6
10 89.9 & 5.2 94.8 + 3.5 95.8 + 1.9 100.0 =+ 0.0
15 100.0 =+ 0.0 100.0 == 0.0 100.0 =& 0.0 94.3 =+ 4.7
20 92.8 + 2.3 94.0 + 3.8 93.4 + 1.9 85.8 =+ 5.1
25 88.0 + 2.7 89.7 &+ 6.7 86.5 + 2.0 80.1 =k 5.1
30 79.2 + 2.9 84.2 £+ 2.8 83.3 + 4.3 73.3 + 4.4
35 | 76.8 * 4.3 79.0 + 6.8 76.3 £ 4.7 | 67.4 + 7.0 .
40 71.8 + 4.0 71.7 £ 8.1 | 69.4 £ 5.2 . | 59.2 + 6.0
|45 67.9 + 3.7 66.8 + 7.2 | 64.7 £ 5.3 | 56.6 + 7.5 |
: 50 62.6 = 2.1 63.0 + 6.7 |  60.7 & 2.9- 50.8 £ 6.4 |
i 55 59.4 + 2.7 58.5 4+ 7.9 56.6 %= 2.6 46.6 £ 4.2.
| 60 55.4 + 2.3 52.9 + 5.3 50.8 + 2.6 42.6..5.2
65 52.4 + 2.8 47.9 + 3.9 18.0 = 3.3 . 39.8 & 5.0
70 19.8 + 3.7 43.9 £ 5.4 45.0 + 4.0 36.9 + 4.4
75 46.2 + 3.7 40.6 + 4.1 43.7 + 3.4 34.2 + 3.8
80 42.6 + 3.4 36.0 &+ 5.5 38.8 & 8.2 31.7 + 3.7
85 10.0 *+ 2.5 34.8 + 5.8 37.1 & 4.0 29.4 £ 3.9
90 37.9 + 4.3 | 43.1 £ 6.1 34.56 + 5.2 27.7 £ 5.4
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Table 6. Excretion of '"'I-Rose Bengal from rat liver after X-irradiation with 500 rad

| | E:.ccr( . | Mean ﬁ:cg;:izg time, | Tg %:n;[:u:;i:::;rlltalf (-9—6.:)__

| Non-irrad. (Contro!) log y = 2.040—0.0067 x | o8 T w0

© Whole b body irrad. log y = 2.074—0.0055 x 7.0 |_ T

Liver irrad. | logy = 2.145—0.0071 x ' 61.2 i _' 94 ]
ﬁ‘j‘t}?‘fl‘,ﬁi“:’m‘;;ggd M| log y = 2.099—0.0063 x | 68.9 106

o\“
Non=irrad [Controllf: '; e

" L L
50 100 150
Ty experimental/ Ty contrel

Fig. 6. Excretion of !*'I-Rose Bengal in rat liver
after X-irradiation with 500 rad

T2 (p<0.05), E&FBHEREOTI.00CHL
ERRE TH o

1000rad —[E[FFE R 4 5 R AR I 3 W T,
HRB EGHRIS TR AEREL R L, £ Ol
Kih#ri log y= 2.130—0.0064x :7ch, Th
X b RGP N7 .84 e B, FEMRSE
FRClE LBREDOMER (105%) M4 bhb.
HFERIBERE 3 X O Rt & 5 IR o Z T
SEIHEI RS DORIEN 2 B B A%, LR
WU Thot:. &HBENC BT 5 ITFHtENE
0%, RS OBhEE & ATk S B FR S D %)
DFEIBESLTVWBLDLEL 5.

500rad —[alE B FEESTS 6 NS 1 5 S1IRB
OPFIER I A Bisk L7z (Table 5,6, Fig. 6).
IRB HEHBEISHIC I T ek OBREERL,
D%, RBURECEET T 5. BIRB %304
L Dot B [ElFihE 13 log y= 2.074—
0.0055 x L7z b, FIGHRMEERENLT9.00 & 70 %
JEMBEHFIC L L 1222 Dffi% 7w L, 1000rad 4xg
W5+ & 7 U Pkt T b oo,

500rad —[BIFFR TR 6 R 1T 3\ T
(%, IRBIESHEISHITRKIER R L, % ok

Rilhgg o mahsg log y= 2.145—0.0071 x &
b, ZRX hRDIEHPEMIEEIL61.24 & e
5. ZOfEIIEBHFEDM.0% ChH T,

500rad —[EIFFEECH 2L RS TI1X, MBS 6
RN 3517 2 PRIESREER X b ke 7o DR R
log y= 2.099—0.0063x &/nh, =h X bEEL
OB 368. 99y & T B, IEMBSFRC L L

106% & i T 5.

500rad —[E]4 S RS 3 X O FFH0 e 4 5 TR
SHFRC 3\ TR IS ER 6 BRI THA & A+ 7 1B1IRB
DPEIEEIED Z B fe s, [T RS Gl
MHRF VI BB S RE D 2 o T El b [ LTy,
CORER LY, 500rad FEHHCIS\TH, EHEE:
e L, 5B CRiFesd 5 s
OISR Z T, £HBHIC X 5 s
BIS- LTz diEEx h 5,

4. ZHBHHONT BIRB PHbEE s T 5
= ICH! glutathione, adrenochrome m,s, s J7F
tranexamic acid DEEE

Rahe X 2 FFfE OB Bi: LT, (ERE
PR D EE 2 bhA=3HIZ#E L, HEtH
DBIRB HEHEE R Bsk L 7. JRSH: S00rad —
[ BEF & U, MBS 6 iR H o BIRB P
e A 2 tc,

a, jgJcHY glutathione 100 mg/rat %304 Fiic
fEREA#R 5 L, GS00rad —[EI4FIBE % 17
yol

JERHBE LA U< ®IRB JEHH1040C THROK
xR L, D, fREEPROiEss. Foln
IFHER L log y=2,108—0.0074 x THEb X,
SEIGPERETY (TE) 168,74y & #e-27z (Table 7,
8, Fig. 7,8) MG HUAMRE O SPEHRIRT ©79. 04
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Table 7. Effects of chemicals on excretion of '*I-Rose Bengal from rat liver 6 hr after whole

body X-irradiation with 500 rad

Time after | lmedsedgows | Nowimadiated
Injection glutathione adrenochrome | tranexamic acid group
| (min) 500 rad (100 mgfrat) | m.s. (10 mgfrat)| (40 mg/rat) (Control)
| 4+ 500 rad | 4 500 rad -+ 500 rad
5 | 80.8% 5.6 93.4+ 3.4 | 91.6% 4.1 | 89.24 8.2 91.0E 4.6
10 [ 89.9% 5.2 99.7+ 1.5 | 99.1% 1.6 96.5% 4.7 100.0% 0.0
15 | 100.0% 0.0 95.0% 4.2 | 97.84 2.6 99.8%+ 0.0 94.3%& 4.7
| 20 | 92.8%+ 2.3 91.8+ 2.7 | 89.4% 2.8 | 94.24 3.9 §5.8+ 5.1
! 25 | 88.0% 2.7 84.0%+ 3.1 | 84.9+ 2.9 | 87.1+2.5 | 8.1% 5.1
30 | 79.2% 2.9 77.0£ 2.4 | 76.4% 2.8 | 83.1+ 2.4 73.3%& 4.4
35 76.8+ 4.3 72.4x 6.8 73.04 4.1 | 78.1% 2.1 67.4x 7.0
40 71.8% 4.0 65.8% 3.9 65.54 4.0 | 72.2%+ 3.9 §59.24 6.0
45 67.9% 3.7 59.9% 4.3 61.84 1.6 65.4% 2.7 56.6% 7.5
50 62.6+ 2.1 53.5k 3.8 59.1%: 1.0 61.0k 4.2 50.8% 6.4
55 59.4% 2.7 50.3% 4.7 52.14: 2.5 55.7% 3.0 46.6+ 4.2
60 55.4% 2.3 45.2+ 3.7 49.84: 1.9 §l.4% 4.8 42,6+ 5.2
65 52.4x 2.8 41.4% 3.3 44.9%: 2.1 48.5% 4.1 39.8% 5.0
70 49.8x 3.7 39.0+ 4.2 | 41.2% 3.1 45.1%t 3.6 36.94 4.4
75 46.2x 3.7 35.6: 5.0 39.04: 4.3 42.6x 4.2 4.2+ 3.8
80 42.6x 3.4 32.6k 3.8 36.64: 3.9 39.1% 5.4 3l.7% 3.7
85 40.0£ 2.5 29.8% 3.7 | 34.621: 3.5 37.1% 4.5 29.4%+ 3.9
90 37.9% 4.3 28.9+ 8.2 | 31.2% 3.8 33.7£ 3.8 27.7+ 5.4

Table 8. Protective effect of chemicals on excretion of '*'I-Rose Bengal examined

at 6 hr after X-irradiation with 500 rad

Excretion curve :?nﬁ:;?;:c(‘rfrﬁzr)l Te %‘;P‘iﬂﬁ::;‘ltﬂlf (%)
Control log v =_;:640-—0.0067 X 64.8 - 100
500 rad log y = 2.074—0.0055 x 79.0 - 122
O e 34500 :ad | 18 Y = 2.108—0.0074 x 58.7 ol
o B0 rad | 108'Y = 2.082—0.0065 66.8 103
e S0 rad | TEY = 2.112—0.0065 x 6.8 10

I LELLLEL D, FERERED64.80 % HIC
FEM T

b. Adrenochrome m.s. 10 mg/frat % 304y §ijiZ I§
fEpgiciE A L, 500rad —[El4 By PRS2 1T 07
BURB EHEI105 1 TRAROERE 2T L, DI,
FEBEBEIETT 5. 304y X b 904 fiE o> [E14 Hh
$ix log y= 2.082—0.0065x THIXh, £D
S PR I166.84) & 7e07-. 500rad —[@]4:

HBHBEDTI.ONIE LFE L Hif L, FEMRGRF
D64. 8531 ETH o7z (Table 7,8, Fig. 8).

¢, Tranexamic acid 40 mg/rat % FBE$304RijiT
PRI A L.

BUIRB 4RSS/ TIRROBR L RL, B
%, IREEEECEST 5. 304 X h 904 O [E
SR log y= 2.112—0.0065 x THFi>3h,
7 O 166.84) & foots. T OHED
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Fig. 7. Protective effect of glutathione on excret-
ion of I-Rose Bengal (IRB) in rat liver at
6 hr after X-irradiation with 500 rad
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Fig. 8, Protective effect of chemicals on excretion
of "*'I-Rose Bengal in rat liver at 6 hr after
X-iradiation with 500 rad

500rad HiERIASHRED79. 0400 Jb LA L, JEIAS)
FED64.84 1Ml TH o7z (Table7,8, Fig.8) .

S Hit &4 Th 585 glutathione, 1L
# &\ i % adrenochrome m.s. B2 Wi 75
A3 EH% 4T % tranexamic acid oO\WFh
KEWTh, BRI X v Wb BEHEo

BFIRB PRl RE DIEE A N LT L AR ThH .

o

MG LI\ I 5 » Micsil BF ¥IRB Ef
?)F?Eﬁiﬁﬂﬂﬁﬁi, BIRB I A @I e R s
, 10K O#ER AR L, 2Tkt
DAVTERE THRECHEI L, Dk, dhltomdEsnx
WA L7z, Zoff BURB  HiEER i & 4T L

FUAREE ST Bret < diERE 58348 0 1 %

A1 AHPEIE AR AR (), 5 2 MPEESRER (B)
BEU (E-E) iR h 2 IR BEE R 5
THZ xR, ThEho e CIKETT 5K
RIS & L TFE Lk,

JEMBETS » P TIk, 451 HPEBEIHRERS (Tey)
1357.9%), 2 2 M FEERIRR (Te) 1364.87),

(E-E) g o SEIEHEIER ) T eeny (319,340 T
Hote.

Lowenstein™ (XJTHc 31 2 W/Ef % IRB
WP E LA 7 s 7iciiii L, ©
PAMERR# uptake line (U) 3 X 0Hiitihig
excretion line (E) ripibhsdn %51
Uk LU'E @ Rl % Ko, R4 uptake
halftime (Ty) %5 L0 excretion halftime (Tg) k-
LTERLTWS,

Z M1k Lowenstein X [lkc LT, el
otz & v, HEncRMEREZ & v, A
OENTRITV, Zhib 140Y% b oERER Lo
PEtR OB LRy, hE2EREE (Ku) ¥
X OPEMEE (Ke) X LTEBHLTWS,

Lowenstein 35 X 08 %, HEIERgg 27—
TEBEBIIET 2 R O EFE 5 T\ B™MD,

HE S e BIRB 3 Mg Tk A e EE
L, —Jj, IFcaglinicfBRnabhs, il
31 29O 53, “URB #3165 40¢F
TR O0GRECET HH, = 0Lk -
3, (s x ki BURB Hmyic X o T
Whicz bR TboThs.,

X ie Rose Bengal JTEEEISS M CIL
AR & D AR BT w5 Lo 51819
TFC S5 B i, PR o 1 o fisghie
¥ LOTFRIlaP 1 o ficgied B THIE L T
WhBLOTHSH. :

PR, REFFCEIT 5EE» b, ¥IRB ©
PEMER AR — o OB S & L TR 2 h
DI AL, M & ST OWE AR T
T EwRRY, PRIRER Mt X 555 (E,-E)
B LU X b okt (E) o”2o0%HEL D
BB L% 2D 0hHEY T, ST sEED
L LT, FMilaoiErEbTiEx6h3



IBF494E 1 A258

2 HPEMER (E) 2B L@ Ths L
BTN A,
AEEOFERS, 5 v MiFo BIRB PR
BT R L, SESPEIRRE (Te) 23%64.8
77 OH 2 FABEMEARER & P HPMEER] (T @y-e)
H319.37r D M X 2 PR oFn & U CHEE
THZEMNTERN, = OETFRIC KT 5624
38 L O L e fE T H o

[ricisid s *IRB oEFHPHEIK O #E 2
bha, ImidciA i BIRB (LiMmk 8
UTaHicEsh s, FFA gt & b I
Ll E D Ahbh3, fFo BURB o—ifik
M X > THOANEEh, Ko 4l
DEEEE LT B S Fa il U CBEs &
ORFHt X ha. ZofFX b ogkp e
BEEEEECERR T 50 Th 5.

BiRrRB M

J

e B @A R0 F— K (R)

(E-E)
i ]@Eﬁ@@:ﬂ?mmﬁ|

(e 8)
M(E)

fig i F

|

BB (R)

Z v I} ©1000 rad —[ElEH B B\ Tk, JF
@O IRB PRI R 3 B, 6 IR
IC W T BANCEBIER GRS b, 24FfI%IC s
WTHERHEBEI W TV BHEETH L.

—IC, R BEHRI LR i o B i8S &
Sh, WREHC bavie B briE 2 TR
DRFEEZBHIZLT B L\ bR T B9,

Ogata B2043, [ilifEMREFIOFIBC B\ C, R
HIFICEEh, 1400~T7200R X4 SRS X I i-fF
HHko20H, 50H 3 XU 100 H oMK R 2
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WEL, AEMROMESE, AT bEEHEOKZ
B LORERE EFFMER, B, BUNEIROZE
iR, WL U iciiias X ST R X
LR IE R H BB T\ .

BRE®IX, <Y AD 500~1000rad D—[4: 5
WS X b, FFEMnE ORI, 18E, n
EREFLRME OTUHE S X OB DT R 2 700,
& OBALITIRGIEE 3 el bERw b, 24WefEi%
CHEWCHIERT 2 &5,

MBEAYBRSE T, MIBE O AES S L kIR S
BIRHIBICEMIc A bh5 L vwbh, §havy
V7, MEREPVRE S X ORI A AR s h
T ZJ s)s)_

WIRB [ X % FFRER AL, —BIcSi s
RO ITHERERZE B S P 5UR%SE L B b T AEES
Fffo@obh, LrdBEdiichs s vwbh
310

1000rad —EBEHC Lo, BURB HEHEAEIE
FHIL ) BALAETERD bh, 4RI s
WTHHEIHE S h O ickE R, BIRBI X %
FFRSRER R S TH B = LHR LT W 5.

ARBIC 31T 5 REEORF PURB Sikiige o
REIRFRZE LI, JRAHME DT s 2T B2, B
I, BUNMER O ZERE —F L, BHHEORF
IRB PEEEEE OZEbic X LT SR 0%k
PREEL—HTHD & LARESRS.

RIS, 28BS X O 2 5 R
S oRFEECT 5 8% k15 &, 1000 rad
MB4 6 BT B\ C, FFSRFTRE Tl Ei bk
W] (Te) OBIENZ Bh, 500rad RS TIL
SEHPERR (Te) e LAMRESNS, B
TGS B PG CUR ] B TBIEN 2 b, 2R
HTRAHEOBREOMFEL LCBbRTWS, &
SRS X 2 fFo *IRB PR3 5 2
1, FFERRATIREHT X 2 FreeE MifaiEsEe n x. <
FoH RS OBEI M2 TWE Z EMBEZh
5.

FEFIL, 1MiF Alkaline Phosphatase JE#:{HE 13T
T —IRF BR S CUX2000 R DLk o0 JES CIE T 236 e
TH, EHEHTIL 450R CERRETFYRT =
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EERFRBTN B,

FRARDIFPHIEBEEIC 3 % IRSSER <X, H#L
X T s REtoEEOHEIRHHEN L VB
bh, o, CORPOZE LTSI EET S
2, BEEAXFICRBE LR, ObiiEHIC
IR ARG R

R0, =¥ A OREHEIRETER O IF Ml
FROZE(x EF BT, Ty RS X OE
WA oW T R L, & RaHEO
T MR 30T D2, e 50
MOBEHEDRE L EHO_UERE VT LTS
Ewnh,

Thibix, With b RN X 5 FFEET i
BHORAME LB ERRTIOTHES .

JBSt 6 eI BT, IFRPTRShc X 5
JFFfia o P ERE OBIETT TIT e b [EIf LT
WAHD, L MRE I X O A2 AT Tk
TR O BEED FD B b, RGN X B 4o
REYEE DRI EA L, ChifETsc s
ZRTHOT, FHBICHT 2B o MR
BB LERSROFELTRTIOTHS.

J2CH glutathione o RS AP 1T X
b, 500rad £H—[EREHC X% BURB ijto
FHWTORIER, FREHE 6 REflic s T Cic |l
U, FEMBEHRE O PRt 2 I TR 5 #ER T
Hoie.

g 02 glutathione [I.7-L-glutamyl-L-cysteinyl-
glycine 7x 2§ H T 5 AGFKBHART, K
B 5L, WEOFREE CIRE o WETH
%. Glutathione [3E{ERNIC I\ TIMLETTHRO
BpEledE, S HEROMIEL, MAeMRBFERSEO
BELEEZLY, T T4 OFEBROBIECF
AEhtuws.

BEHRIRSRC X 5 kB 5\ IIEER R DfEEIC
%35 glutathione OZPRIT D TIE, S HEENBY
L bEEROBENT X 5NEMALIX, glatathione
M3 e XoTEE T52 08 LT
Eh, in vivo W TH, SHI{LAWTHS
cysteine 5 IMFFLEMY OBOEAR L BMT 5 = &
BOAHLRD B, RIKET S RGHRIERES O

HARESRA RS Mo W15

FEE OB Ik, BRICFIT X h T3,

S HAL& 4 0 BURBEEDTRE OB 3, Wik
{LERISEHD B, REHT X o TR ORI Eedk
Lo EiHEE s HENKIET 5 o L1 & bt
WA S D EFHHIRTWEY,

MBEERY T3 HCHTRRBT RERERE & LT, WIS, 7Nk
B3P, cysteamine g X ORREHGEEE A A
T aeE AN L, BT X B 53
2 B o[BI A fREHET 2 JIA £ oo BRI 1
BT B,

BY L5 » b > 1¥]1-Rose Bengal odFitf
B2 LIRTCHY glutathione OF5- 3 E 5%
Ty, RSO BURB PR RAE R T 2
6 Ipf] B iz s O cic R AT o R B & Cla
LCwnwie o &k, FERAEEE clili s h
% MEg S e s HRESROBISE, MilakEs oEE
(et D, FFofaaslE it Lo gluta-
thione [ & OMEFERH b BIS- LT 5 b 0 & HEE
Eh5,

R OIS B/ R b2 BT %
C kX b EE R ¥ 3 5 Bt Tadrenochrome
Wk DR A B L.

500rad ZxEy—aBghc & b lff> STIRB Pl
VREE L < ABHE 555, adrenochrome m.s. o ES
iS5 Xy, FRGE 6 iefic i\ T BIRB »
SEHS B ) IERR SR T\ IS % TR
LT\,

Adrenaline ok ([IZIR D% O/ERPIRRLEY) T
# % adrenochrome WLERAT 5 & AGTFH 2T
7B, adrenochrome (3 adrenaline } ¥ b ZzRK
PRI R Fh L FFT, KRS X B 1k
BRI CE DI, Ik & LR O
ALIERER TV A,

Adrenochrome o FHETH 4 adrenochrome
monoaminoguanidine sulfate 4 @7 1M EH] &
e, =0 AT B BRI ER A oo &
PEIR DI L O THRES T3,

T 3 XOBER, s L0 /MMEEMnER
ks ALy BEt o8 %1% adrenochrome
monoaminoguanidine sulfate o Bzl % s}
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L, JRART3070 I 1 ng JEREPIEE S35 = Lic X
b, FAHEOEMME RCH BRI vTFh
BRI hic LBE LT B,

Adrenochrome m.s. O[[FHEEEREEIC R 5 T
PREFREZDIRNL, BN RCHT BZR, Sk
EHEROBEHC X HEOBRAERE LS b
DEEZLRS.

Tranexamic acid (trans-aminomethyl) 33477 7¢
Y752 I EM% b b, vascular integrity & L
CIRIMCBES-F 2 1mAFl & Xh, Fi, mE5E
P2l 21EH B bh T3,

Tranexaraic acid OWEHTHLEIC L b, £5K
X% 6D 5 » PFO IRB PERLE
IERSHNCIRIFIT M F CEE LT\ e,

IMEFROREEZ BT 5 EM% L v tranexamic
acid H 5\ % adrenochrome BRI B
FFBSRERE A R T 5 = 213, —[ELSHEHS D
FOMHBEEIFT R D 5 I EMEROBLS, R
BT X % FFBERERE e EANE R OB 2 B 5
—HTHBZLERTLDOTHS 5.

FRIRIC 0% < iV Bt % glutathione, adre-
nochrome 5%\ (% tranexamic acid 7 & D3EH
B LY, BENC X D IFHERE 22 L < B
L1822 L%, BOHRAREIT DHIIR & 7o 5 B
RERET, HOHRTER: X OFB, R E5
TREMED B 5.

w W

HFERETN T 2 SHE RS Oy, 5 » MIT
® '*'1-Rose Bengal (“'RB)PHIEHERHEE & L
THR L.

1. IEW S v MCRF ST "IRB PSR dhin
1%, FFARaBEipae 2 2284 » YRR iR (E)
{PEERIER] (Ts) —64.84)) % X OMIEEIC X
LRI RHLT 5 (ErE) i {(SPigbkng
[H (T smmy) —19.3437} X ot 5.

2. 1000rad —[al 5 MBEHT X b, Fo BIRB
DY IRSE 3 W], 6 BFfic s\ W TH B e
BIEL, 24V TIXEICBE L T e,

3. IFBRATIRSS 6 RefElEs i 3o\ T, 1000rad
&gt ik IRB B &2 A PRIRIES R B
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