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The anti-tumor activity of direct current combined with radiation was studied in mice which were
transplanted fibrosarcomas (FSa, NFSa) into the right thighs. Electrodes were inserted into the tumor
and the normal tissue around the tumor. The tumor was then treated with constant direct current and/
or radiation. When the tumor was set the cathode and treated with direct current (0.8mA, 120 minutes),
the growth delay of FSa fumor was 12.5+3 days. Therefore, the direct current therapy (D.C. therapy)
had been effective to retard tumor growth.

Combining D.C. therapy with irradiation, it was most effective when the anode was get into the tumor
and D.C. therapy was applied following irradiation. For example, the tumor doubling time and the cure
rate of FSa tumor given by 25Gy and D.C. therapy (0.6mA, 120 minutes) were 31.2--1.8 days and 33%,
compared with 20.8+1.8 days and 11% by 25 Gy alone. Therefore, D.C. therapy combined with
irradiation was considered to be effective. D.C. therapy exceeding 1 hour did not contribute to improving
the anti-tumor activity when it was combined with irradiation and the anode was set into the tumor. The
working mechanism of D.C. therapy was discussed. It was concluded that 0.6mA, 120 minutes of D.C.

therapy is as effective as 5-10 Gy of irradiation.
adjuvant therapy to irradiation.
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These results suggest that D.C. therapy may be a useful
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Fig. 1 Direct current therapy for the tumor which
was transplanted subcutaneously in the right
thigh of a mouse. One electrode was set into the
tumor and another was into the surrounding
normal tissue. The tumor was treated with con-
stant direct current.
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Fig. 2 Growth curves of fibrosarcomas treated with D.C. therapy alone. A) is of
FSa, B) is of NFSa. (%) Control without treatment. (®) 30minutes, (I ) 60
minutes, ( ) 90minutes, ( 1) 120minutes, 0.8mA of D.C. therapy. (%) shows

Mean+S.E.

FRFN624F 4 H25H (59)



624

2

[+-]

Growth Delay to Reach
2X Treatment Size
S

Y —"

0 2
Coulomb

[:]

Fig. 3 The differences between the electrodes set
into the tumor. (@) The anode or (O) the cath-
ode was set into FSa tumor. The growth delay is
the difference between the interval in which the
original size of the treated tumor doubles, and
that in which the tumor without treatment under-
goes the same process.
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Fig. 4 Histological findings of the tumors just
after D.C. therapy (0.6mA, 120minutes) (100,
H.E. staining). A) The anode was set into the
tumor. B) The cathode was set into the tumor.
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Fig. 5 The differences of growth curves between
the electrodes set into the tumor, which were
treated with radiation and D.C. therapy. (9)
Radiation alone. (1) The anode or (®) the
cathode was set into the turnors, which were
treated with D.C. therapy (0.6mA, 120minutes).
A) is of FSa tumor treated with D.C. after 25Gy,
B) is of WFSa tumor treated after 40Gy of irradi-
ation. (%) shows Mean+S.E.
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Fig. 6 The differences between the orders of irra-
diation and D.C. therapy. D.C. therapy was given
(A) before or (@) after radiation therapy. The
anode was set into the tumor, treated with 0.6
mA, 120minutes of D.C. therapy. A) FSa was
irradiated by 25Gy, B) NFSa was by 40Gy.
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Table 1 Tumor doubling time and cure rate
after treatment with D.C. and irradiation

Treatment Doubling Time Cure Rate
25Gy alone 15 +1.0days 0/7
25Gy & 0.6mA, 30min. 17.2+1.4 1/10
# # 60 23.3%+1.5 1/10
#” ” 120 22.5%+1.0 1/10
” ” 180 26.1+2.1 1/10

Table 2 Diameter doubling Time and cure rate
of FSa

1) Tumor Doubling Time (7-14mm)

Dose(Gy) Radiation alone Radiation & D.C.
20 24.9+3.0days
25 13.0+1.5days 24.2+3.8
30 18.3+6.5 27.0+4.6
35 24.240.7 32.3x1.0
40 35.0£7.0

2) Cure Rate

Dose(Gy) Radiation alone Radiation & D.C.
20 0/8
25 0/6 0/8
30 0/8 2/8(25%)
35 0/8 3/8(38%)
40 4/8(50%)

D.C.: 0.6mA, 120min., Tumor clectrode(+)

BICHEVDE Lz ote, BEANERYIEE -
LTHMEREBFRAT 28851, BEEOHEME
BEEZROMICHENHE TR, BENEE
ZEMICL T DCIREY BT niBa L Bix
BiER ST,

2-4) BUHROBHEE & BEDR
BUHRBHE R, BEANEELEBEICL T,
0.6mA, 1204 DC #E#E %17\, FSa[E% 27
mm 2 bldmm icie B dt. L EEEY, BHEE
L OBAfRTHET LT Table 2iIc/m L7z, MBATE
F325--40Gy, BF B 1320~35Gy #5Gy &

LCHBat L,

BEF D dt. T3 &, REBEMISGy Hi6FHRED
20~25Gy ICHIM LT\ B 2%, BIEEETLD L40
Gy B T50% 0 AR Lot LT, gEEER
35Gy T38% & b, FSafEBiostd 5 iEEEH
H#E 2z % & DCHEEIIH5Gy DM T3 &

(62)

BV AR & U RATE

Ebhs,
% =%

BEYROABACRIAL, ERNESYRE
THFHEH L 26Thh, BETLBUNEE
BTREROBREECERGH IR T 59,
COBEDOBMIXI0uA BE LBEDTHETH -
T, BHOERCAVWORABEROME L 124
£ind, EEOBEETIE, Nordenstrsm 5310V
BEOEEETH mA OB Y, ILFS4H mA
DEFHAA, DCEEEMTEEOELYEY
ROTBY, ThbOoBMEITH L, B~ 1L3IEH
DEDHImA LTFTOEER 68 L, ki
IMEKBECE 2L 2B, 0.72V 4355
TREN MR OTRIEWEDET 25809, bt
WESBTLMR~OBEEER G TR L E
bbb, =7 RAOERTIL, BifE0.6mA i
BHLEHETA.2~4.8V it s Tz, FxoHu
TR, EXECUHESOM I EZRD 5 DI &
EED, T RCOERPBLTHEEL- L1
Ped 7einote, LichisT, ImA LLFOEH % H
WIS, MhoERE L OEANEL i, &
PR ECR & OF R L e B & o Ric o\ Tiast
LichDTH 5B,

DCHEEMOHEZ, BENEEYEE L L
e DR O REEBELRD HhicDwXf LT,
AR & O Uk BElE FSa [ i BN EE
TG E L HnERTch -7, DCHEEIC L 3
FUIEBLROERERFE, BED L - ABETIE
2<, BEOREDE\ T L HBHEOH TR
RREL5BATTBETHLN, HBFTRIESED
ZCH T HBBOERERL Y, LTz
HERIL T %,

BEEABEBYBE - L CDCEEY T8
&, WREABR L L CERBBOESHERO L
P& 3tT, ZEME L 7o HIRE & AR o R i B o R
pRDd ol (Fig 488). LiL, BHIVERE
LY —BOEED R TRRAESE(T S L2k
22 <, AFE LB L REEYZ Mo
SMUNCAFEE S B TR L8R & D e BB LA 2 B T
Wil S, BRI X b RS0 BEER STk D,
BEST S LEET S (ApFo viable cell) {7

HABEREIE $478 $£45



Tumor Electrode (=)

Tumor Electrode (+)

Stepwise Change

Ramped Change

Fig. 7 Conceptional diagrams of the tumor, which
treated with D.C. (c.f. Fig. 4)
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