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Abstract-The effect oj’preinduction of metallonthionein (‘UT) by bismuth subnitrate (BSAJ on 
the adverse effects and antitumor activib of y-ray irradiation was investigated in mice. Preinduction 
of MT by oral administration of BSX signrjicantly redured the lethal effects and bone marrow 
injury caused by total body irradiation with y-rays. A significant increase in the MT concentration 
in bone marrow was observed in mice treated Ah BSV. In tumor--bearing mice, pretreatment with 
BSN did not compromise the antitumor activity of y-rq’ irradiation although bone marrow injury 
was remarkably suppressed. These results suggest that BSVpretreatment is an efjectir,e method for 
protection against side-ejfects in radiotherapy. 

INTRODUCTION 
RADIOTHERAPY is widely used in clinical cancer 
trcatmcnt because of its high efficacy in reducing 
tumor cells. However, y-irradiation shows some 
serious side-effects such as bone marrow injury [l] 
and intestinal lesions 12, 31, which limit the dose 
and irradiation frequency. Cell killing by irradiation 
is known to bc caused by unrepaired or misrcpaired 
DNA double strand breakagcs induced through 
intracellular radical formation [4]. 

Recently, Bakka et ul. [5] found rcduccd scnsi- 
tivity to radiation in Cd-resistant cells, which arc 
rich in mctallonthioncin (MT), compared with Cd- 
sensitive cells. In addition, Matsubara e/ al. [6] 
reported that the mortality rate in irradiated mice 
was minimized by prcadministration of MT inducing 

metals such as zinc, cadmium and manganese. MT 
is a cysteinc rich protein of low molecular weight 
[ 71 which has a high affinity for metals such as Cd, 
Zn, Cu and Hg [8], and is induced by various 
metals and other xcnobiotics [8-141. Although the 
physiological roles of hlT have still not been rom- 
pletclp clarified, it is known that MT dctoxifics 
some harmful heavy metals [ 15-181 and plays a 
role in the maintenance of zinc homeostasis 1191. 
Furthcrmorc. it has rcccntly been reported that hI1 
appears to act as a radtcal scavenger, at least in vitro 

(20, 211. 

We have previously reported that the pretreat- 
ment of mice with bismuth subnitrate (BSN: anti- 
diarrheic) to induce MT in tissues prevented the 

side effects of&platinum and Adriamycin@ without 
affecting their antitumor activities [22-241. Since 
radiotherapy is often used clinically in combination 
with anticancer drugs, we attempted to examine the 
effect of BSN preadministration on both the advrrsc 
and antitumor effects of -y-irradiation in mice. 

MATERIALS AND METHODS 

Animals 

Male ICR mice (5 weeks old) wcrc purchased 
from Charles River Japan, Inc., i\tsugi, Japan. 
C57BL/6, DBA/P and B6D2F, male mice (8 weeks 
old) were purchased from the Shizuoka Laboratory 
Animal Center, Hamamatsu, Japan. The animals 
wcrr given free access to food and tap water. 

Chemicals 

BSN was purchased from Iwaki Co., Ltd., Tokyo, 
Japan. “““HgC12 (2.4 mCi/mg) was purchased from 
New England Nuclear, Boston, Mass., U.S.A. 
Other chemicals were purchased from Wako Pure 
Chemical Industries, Ltd., Tokyo, Japan. 

Tumor cells 
P388 leukemia and colon adenocarcinoma 38 

cells were kindly supplied by Dr. T. Tsuruo, 
Japanese Foundation for Cancer Research, Tokyo, 
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Fig. 2. Efjkt oj BS.Vpretrentment on llpidperoxidation in bone marrou’ 
cell: caused bv y-q irradiation. .Clire (ICR) were treated n.r derrribed in 
the legend to Fig. 1. The rerults ore indtcnted as the mearr.c 2 S.1). for 

Jke mire. BSh’-untreated mire, 0: B&V-treated mice. a. (a) Determined 

10 dqr after Y-rqr irmdintior/. *Si,gnr$cnnt!v dif)rent jYom B&V- 

untrented mice 11’ < 0.001 i. 
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Fig. 4. Effect ofpretreatment with BS.V on the nntltumor nctkifv ofy- 
ray irradiation in mice inoculated i,p. u’ith 1’388 leukemin (-el/,. .Uice 

(B6D2F,, n = 7) ulere inoculnted i,p. wrth P388 leukemia cell\ on 
dq 0. BKV was administered ornl!v to mice once a dcvfrom dq 1 to 5 

and the mice u,ere irradiated on dq 6. Ihtrented Cm; BS.V n/one. 
0-O; y-rqv (+%a 6 Gy) alone, A-A. B&V-petreatment + 

y-rq (hYL~, 6 Gv), /L---A. 

BSN * I 
Fig. 3. Concentration of .MT in bone marrow cells of mice treated with 

B.W. Mice (ICR) mere adminirtered BSN (200 mg/kg/dq) once a dq 
for 5 dqs. .MT LLVH determined 24 h after the last administration of 
BS:V. The values are the mean,< 2 S.D. for Jive mice. *Si,gnijccnnt!~ 

different,from the control (P < 0.001). 

Figure 4 shows the effect of BSN pretreatment 
on the antitumor activity of total body y-irradiation 
indicated by prolongation of the survival time in 
mice inoculated i.p. with P388 leukemia cells. The 
mean of survival time of the control mice was 11 .O 
5 1.8 days (Fig. 4). It was prolonged to 22.3 -+ 
2.0 days by a single -y-ray irradiation of 6 Gy 
(Fig. 4). Pretreatment with BSN had no modifying 
elfect on the survival time of mice irradiated with 
y-rays (Fig. 4). In another set of experiments, the 
effect of BSN pretreatment on the tumor-reducing 
activity of y-irradiation was examined using mice 
inoculated S.C. with colon adenocarcinoma 38 cells. 
Tumor weight was significantly reduced by the 
y-irradiation (Table 2). As in the case of P388 
leukemia cells (Fig. 4), the antitumor activity of 
y-rays was not affected by BSN pretreatment 
(Table 2). The remarkable decrease in the number 
of total leukocytes caused by y-ray irradiation 
observed in the mice without BSN pretreatment 
was significantly improved by BSN preadminis- 
tration (Table 2). 

DISCUSSION 
Radiotherapy is widely used alone or in combi- 

nation with chemotherapy because of its high effi- 
cacy against solid tumors. However, radiotherapy 

can cause severe side-effects, such as bone marrow 
lesions and intestinal injury, and these adverse 
effects prevent the proper utilization ofradiotherapy 
in clinical practice. 

Radiation damage can be ascribed to fret radicals 
induced by y-ray irradiation 141. In fact, lipid 
peroxidation in the bone marrow cells was enhanced 
by the irradiation (Fig. 2) in the present experiment. 
However, the extent of lipid peroxidation in the 
bone marrow caused by irradiation was significantly 

reduced by BSN treatment prior to irradiation 
(Fig. 2). Also, the decrease in the number of leuko- 
cytcs, an indication of bone marrow injury, was 
much less with BSN pretreatment (Fig. 1 j. Finally, 
the MT level in the bone marrow cells was increased 
by the BSN preadministration (Fig. 3). Thus, the 
BSN-induced reduction ofthe lethal rlfects and bone 
marrow lesions of y-irradiation can be explained at 
least partly by MT-induction in the bone marrow, 
a target tissue of the irradiation. 

Matsubara PL al. reported that protection against 
lethal effects of radiation was provided by pretreat- 
ment of mice with Zn, Cd or Mn, which might 
induce MT [6]. Bakka et al. indicated that cadmium- 
resistant cultured cells with a high MT content were 
substantially resistant to cytotoxicity of radiation 
[5]. In addition, it has recently been rcportcd that 
MT might play a role in scavenging free radicals 
[20, 2 l]. We have previously demonstrated that the 
induction of MT in the hearts of mice by appropriate 
heavy metals prevents the lethal and cardiac toxic- 
ities ofAdriamycin@ which is considered to generate 
active oxygen [29]. These facts appear to support 
the assumption that the protective effect of BSN 
pretreatment against radiation damage observed in 
the present study is attributable to the increased 
level of MT which scavenges free radicals induced 
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Table 2. Effect ofpretreatment with BSN on antitumor activity and bone marrow injur?, of y- 
ray irradiation in mice inoculated s.c. with colon adenocarcinoma 38 cells 

Dose 

Total leukocytes* 
6oCo (Gy/mouse) BSN(mg/kg/day) Tumor weight* (g) (cells/mm’) 

0 0 0.199 -e 0.110 7060 + 598 
0 200 x 5 0.202 f 0.048 6840 t 493 
6 0 0.018 ? 0.010 2940 + 541 
6 200 x 5 0.023 ? 0.009 5060 2 581t 

Mice (B6D2F,) were inoculated S.C. with colon adenocarcinoma 38 cells on day 0. BSN was 
administered orally once a day from day 1 to 5, and y-rays were irradiated on day 6. Thr 
values are the means t S.D. for five mice. 
*Determined 10 days after y-ray irradiation. 
tSignificantly different from BSN-untreated mice (P < 0.001). 

by y-irradiation and protects the bone marrow in 
particular from radiation injury. 

As indicated in Fig. 4 and Table 2, BSN pretreat- 
ment did not affect the antitumor activity of the 
radiation. We have previously reported sclcctive 
protection by BSN pretreatment against the side- 
effects of &platinum and Adriamycin@ [22-241 
These favorable effects of BSN, specific for the 
side-effect of anticancer drugs and radiation, can be 
explained by the fact that BSN induces MT in some 
normal tissues of mice, but not in the tumor tissues 
so far tested [23]. 

In conclusion, the experimental results obtained 
in the present study clearly demonstrated that oral 
administration of BSN markedly reduced the lethal 

effects and bone marrow damage ofy-ray irradiation 
without compromising its tumor-reducing effect. In 
clinical practice, radiotherapy is often carried out 
with chemotherapy. Since BSN has long been used 
clinically as an antidiarrheic and has recently been 
reported to be an effective agent for preventing the 
side-effects of anticancer drugs such as &platinum 
and Adriamycin@, BSN pretreatment appears to 
be one of the most promising tools not only in 
radiotherapy but also in combined radiotherapy 
and chemotherapy for neoplasms. 
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