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The Relationship between the Oxygen Consumption of Various Tissues and the
Radiosensitivity in Mice
3. The Relationship between the Oxygen Consumption of Various Tissues and the
Thyroid Function in Three Strains of Mice

by

Takehiko Tsuchiya and Hideo Fto
Division of Radiation Hazards, National Institute of Radiological Sciences
Kazuo Okamoto
Department of Medical Radiology, School of Medicine, Tokushima University

(Director:  Prof. F. Kawamura)

The previous papers showed that the value of the oxygen consumption of tissues among three strains
of mice (C57BL/6, CF # 1 and RF)would have a correlation with a difference of radiosensitivities observec
by LD50/30, ad also that the oxygen consumption in tissues after X-irradiation decreased following to
the order of their radiosensitivities. These facts suggested that there is certain correlation between the
radiosensitivity and thyroid function in these strains.

In this report, the oxygen consumption was measured in vitro in various tissues (spleen, liver and
kidney) from these strains of mice which had been administered L-thyroxine or Mercazole for one week,
or exposed to X-rays thereafter.

L-thyroxine acted on the oxygen consumption to increase in C57BL/6 mice, but to decrease in CF # 1
and RF mice. On the other hand, Mercazole did to decrease in all of three strains, among which the
degree of decrease was lower in C57BL/6 than in other strains.

The sensitizing effect with L-thyroxine to radiation was observed in C 57BL/6 mice, but not in both
strains of CF # 1 and RF mice. On the contrary, Mercazole showed that remakable, but in some degree
protective effect in three strains of mice.

These results show the similar tendency to those observed with LD50/30, and support that the radio-
sensitivity has certain relation with their thyroid function, by which oxygen consumption was modified.
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Table 1. Changes of Qo, (xl/mg dry wt./hr., except plfhr.[cell in bone marrow) in various
tissues from C57BL/6 and CF#1 mice after treatments

C57BL[6

Brain
cortex

Small

. . ;' o .
intestine Kidney Liver

Thymus Spleen

Sal
or4-0 R 7.7+ 0.1| 8.7+ 0.2| 12.1% 0.2| 13.7+ 0.2| 10.7#£ 0.2 10.3% 0.1
W

Th40 R 8.4+ 0.1 9.3+ 0.1] 13.3+ 0.2) 13.8+ 0.1] 11.14 0.1} 11.9% 0.1
ML+40 R 7.7+ 0.1] 8.2+ 0.1] 12.1+ 0.2] 13.74+ 0.1] 10.0% 0.1] 10.2%+ 0.2

CF3,

Brain
cortex

Thymus Spleen iE:E:tliln - Kidney Liver Bone marrow

Sal
or4+0 R 9.6+ 0.1 9.9+ 0.2| 14.6% 0.2| 14.8+ 0.2] 11.3% 0.1] 12.54 0.1} 7.5+ 0.1x107
w

Th40 K 7.5+ 0.1 9.0+ 0.1] 11.8%+ 0.2| 12.5+ 0.1] 10.34 0.1| 10.44 0.2) 4.1+ 0.2Xx107
ML+4-0 R 8.0+ 0.1 9.3+ 0.2/ 12.2+ 0.1] 12.94 0.1] 10.14 0.2] 11.74 0.1 5.0:& 0.1x10°7

Abbreviations used: Sal, normal saline; W, distilled water; Th, L-thyroxine

sodium; ML, Mercazole.

Table 2. Changes of Qo, values in various tissues from three strains of mice

SPLEEN
C5TBL6 | CFg, RF C5TBL[6 | CFy, RF
Sal Sal
or4-0 R 8.74 0.1/ 9.94 0.2| 9.3+ 0.1 %—l- 350 R | 8.5+ 0.1) 9.8+ 0.1/ 8.3+ 0.2
w
Th-+0 R 9.3+ 0.1} 9.0+ 0.1| 8.3+ 0.1] Th4 350 R 7.9+ 0.2| 8.4+ 0.1} 8.0+ 0.1
ML+40 R 8.2+ 0.2] 9.3+ 0.2/ 9.1+ 0.2) ML+4- 350 R | 8.4+ 0.2| 8.5+ 0.2 8.8+ 0.1
LIVER
C57BL/6 | CFg' RF | C5TBL/G \ CF ' RF
Sal Sal
or+4-0 R 10.74+ 0.1/11.3% 0.1110.8+ 0.1 %—l— 350 R 10.3+ 0.1/10.3+ 0.110.2-k 0.1
w
Th-+0 R 11.1+ 0.1[10.3=+ 0.1/10.54 0.1 Th+ 350 R 10.2+ 0.1] 9.7+ 0.2} 9.9+ 0.1
ML+40 R 10.0+ 0.1/10.1+ 0.2[10.44 0.2] ML+ 350 R [10.4+4 0.120.1+ 0.1)10.1-k 0.1

KIDNEY
C57BLJ6 | CFy! RF C57BLJ6 | CFg! RF
Sal Sal
g\rl-}-o R 13.84+ 0.114.84 0.2/14.7+ 0.1 %—f- 350R 13.2+ 0.1012.8+ 0.1]13.54+ 0.1
Th-40 R 13.84+ 0.1012.5+ 0.1/13.4%+ 0.1] Th+ 350R 13.5+ 0.1{11.84 0.1/12.4:+ 0.1
ML40 R 13.7+ 0.1/12.9% 0.113.74 0.1] ML+ 350 R [13.1+ 0.112.64 0.1)13.4: 0.1

Abbreviations used: Sal, normal saline; W, distilled water; Th, L-thyroxine sodium; ML, Mercazole.

DSOERRBD LN, LrdEiEC & hHno® HER2, 3R < vARDO Th LMLAE
FERE T, LLAHE L HMOOBEENTKRT %, B L UL ENER XAR 350R 425 1 [EIfRS
Bor-. H oM IRSEIHE DRL

o
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Table 3 Variation from the control Qo, value
after treatment

SPLEEN
[ CSTBL/6 | cFp | RF
X—=C | —02 | —06 | — 1.0
Th—C +06 | —0.9 | —1.0
ThX—C | —0.8 | — 1.5 | — 1.3
LIVER
CSTBL/6 | CFaz1 RF
X —04 | —1.0 | —o0.6
Th—C +04 | —1.0 | —0.5
ThX—C | —05 | —1.6 | — 0.9
KIDNEY
‘ C57BL/6 [ CFx1 | RF
X—C ‘ —~06 | —2.0 [ —1.2
Th—C [ 0 | —23 | —1.3
ThX—C | —03 | —3.0 | —23
Abbreviatios: X: 350 R X-irradiation

C: non-irradiated control
Th, X: 350 R X-irradiation after
treatment with L-thyroxine

Table 4. Comparison of radiation effect in mice
pretreated with and without L-thyroxine

SPLEEN

‘CS?BL;’G! CFg1 RF
X—C | —o02 | —0.6 | —1.0
ThX—Th| — 1.6 | — 0.6 | — 0.3
LIVER
| CSTBLJS | CF41 RF
 X—C |f —04 | —1.0 | —o0.6
ThX—Th| — 0.9 |- 0.6 | — 0.4
KIDNEY
CSTBL/6 | CFy1 RF
X—C —06 | —2.0 | —1.2
Th,X—Th| — 0.3 ; — 0.7 | — 1.0

— 34 —
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Table 5. Variation from the control Qo, value
after treatment

SPLEEN
C57BL/6 | CFal RF
X—C —0.2 | —06 | —1.0
ML—C | —0.5 | — 0.6 | — 0.2
MLX—C| — 0.3 | — 0.4 | — 0.5
LIVER
\csmua‘ CFa1 f RF
X—C —04 | —1.0 | — 0.6
ML—C | —0.7 | —1.2 | — 0.4
MLX--C| — 0.3 | —1.2 | — 0.7
KIDNEY
C57BL/6 i CFa1 RF
X—C —0.6 | —20 | —1.2
ML—C | —0.1 | —1.9 | — 1.0
MLX--C| — 06 | —2.2 | — 1.3
Abbreviation: ML,X: 350 R X-irradiation after

treatment with Mercazole

Table 6. Comparison of radiation effect in mice
pretreated with and without Mercazole

SPLEEN

c:s'rBL,ra[ CFa#1 ‘ RF |
X—C —-0.2 | —o0.6 | —1.0
MLX-ML| +0.2 | —0.8 | —0.3 |
LIVER
‘cmmws{ CFal [ RF |
- x—cC —04 | —1.0 | — 05
T MLX—ML| + 0.4 | o | —os3
KIDNEY
[ CSTBLJ6 | CFy1 RF
p [ —06 | —2.0 | —1.2
MLX—ML| — 0.5 | —0.3 | — 0.3 :
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Table 7. Changes of oxygen consumption in various tissues from CFgl and RF mice after
treatment with various doses of L-thyroxine

CFz,

[l Thymus ! Spleen insig;:lilrie Kidney ‘ Liver c%;atf;; Bone marrow |
by/day |  7.54 0.1 9.0+ 0.1] 11.8F 0.2 12.5+ IJ.1| 10.3+ 0.1] 10.4+ 0.2 4.1+ 0.2x107 |
3y/day 7.64 0.1 9.2+ 0.1] 12.84 0.1 13.1+ 0.2 10.5+ 0.1 11.1+4 0.1 5.8+ 0.2x107
2y/day 7.9+ 0.1 9.4+ 0.1] 13.14+ 0.1 3.6+ 0.1 10.8+ 0.1 11.6+ 0.1 6.2+ 0.1x107
1y/day 8.5+ 0.1] 9.6+ 0.2] 14.0+ 0.2] 14.0% 0.1 11.0+ 0.1 12.0+ 0.1 7.0+ 0.1x10
Control | 9.6+ 0.1 9.9% 0.2] 14.6% 0.2] 14.8% 0.2 11.3+ 0.1 12.5% 0.1 754 0.1x10°7|

RF
Thymus | Spleen uall Kidne Li Brain
yHaus P intestine —— i cortex
By/day 7.5+ 0.1 8.3+ 0.1] 11.6=F 0.2 13.4+ 0.1 10.5+ 0.1 10.3+ 0.2
3y/day 7.8+ 0.1 8.5+ 0.1] 12.7+ 0.1 13.5+ 0.1 10.54 0.1] 10.94+ 0.1
2y[day 8.0+ 0.1 8.8+ 0.1] 12.9+ 0.1 13.624 0.1 10.64 0.1] 11.1=+ 0.2
1y/day 8.14 0.1 9.0+ 0.2 13.1+ 0.1 13.9+ 0.2| 10.7+ 0.1 11.3+ 0.1
Conrol | 8.4k 0.1 9.3% 0.1] 13.8% 0.1 14.7% 0.2 10.8% 0.1 11.4% 0.1
s BRIREROZ L, MR XRBER L 0%z o>
Qo,  |KIDNEY F] E H g % EI WTHET 3, #F4 Rt k3 iz, C57BL/6
SRR 8] A BRRGL, FPISCO B R3S 2R L2, Fofciz
LIVER - - u
p N n ﬂ J’I RERED BN, Th BEBRHEEDER
H ANE e,
SPLEEN ‘
MLEZIC BT, XIS - ML ES
R ML Th c m MR BT 5L, £212RT L3512, RFO
ca?aa/a CFir BN 2 B2\~ T, M LREHIEHEEE D IMEE T

Fig. 1. Changes of oxygen consumption in vari-
ous tissues from three strains treated with L-
thyroxine or Mercazole
Abbreviations used: Th, L-thyroxine sodium;
C, non-treated control; ML, Mercazole (1-me-
thyl-2-mercaptoimidazole).
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