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Kumaxo, N, Ismikawa, T., Koixvmare, 8., Kikumoto, T., Svzuxr, S,
Naka1, Y. and Kowwo, K. Antitumor Effect of the Organogermanium Compound
Ge-132 on the Lewis Lung Carcinoma (SLL) in C57BL/6 (B6} Mice. Tohoku J.
exp. Med., 1985, 146 (1), 97-104 —— Effects of the organogermanium compound
Gle-132 (L.p.) were examined on the 3LL local tumor (1 x 10°/mouse, s.¢.) and its
pulmonary metastases in B6 mice, A characteristic feature of its action was the
preferential antimetastatic effect under strictly defined conditions. Either inhibi-
tion or facilitation was observed depending on the treatment schedules; 7 daily
doses of 100 mg/kg yielded the inhibitien ratio 49% when started from day 1,
whereas the treatment from day 8 resulted in the ratio —99%,. The maximum
inhibition was obtained at 100 mg/kg. The postsurgical-adjuvant treatment with
Ge-132 was of no beneficial effect. The local tumor growth was affected only
marginally and temporarily. When inoculum size was minimized (1x10%), a
single dose of 300 mg/kg on day 1, but not on day 8, was effective in prolonging
the latency before tumor take. The antitumor action of Ge-132 was discussed with

reference to its interferon (IFN)-inducing activity. ——— Lewis lung car-
cinoma; antimetastatic effect; organogermanium compound (e-132; TFN-
inducer

Ge-132 [carboxyethylgermanium sesquioxide, O, (GeCH,CH,CO0), ] 15 one
of the water-soluble organogermanium compounds synthesized in Asal Germa-
ninm Institute, Tokyo, in 1967 (Oikawa and Kakimoto 1968). Its peculiar
chemical structure and physicochemical characteristics were elucidated (Tsutsui et
al. 1976}, suggesting possible unique physlological activities of this compound.
In fact, an antihypertensive effect {Sato and Ishikawa 1973) and protective effect
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against the senile amyloidosis (Kuga et al. 1976) were found subsequently.
Ge-132 has also been comfirmed for its extremely low toxicity by the toxicological
and pharmacokinetic studies in rats and dogs (Tomizawa et al. 1978 ; Nagata et
al. 1978).

During the past years, this compound has been calling a particular attention
with respect to its antitumor activities lately disclosed. Thus, Sato and Iwaguchi
{1979} initially reported prolongation of the survival period with Ge-132 in rat
ascites hepatomas AH44 and AH66 as well as in a syngeneic bladder cancer BC47
in ACI/N rats. Meantime, we found the prophylaxis of 3-methylcholanthrene-
induced tumor production in mice (Kumano et al. 1978).

In the present study, we evaluated further the antitumor effect of Ge-132 in
the 3LL in B6 mice (Sugiura and Stock 1955 ; Mayo 1972), a well-known model
of pulmonary metastages from a distant tumor inoculum.

MATERIALS AND METHODS
Mice

Male B6 mice of 8- to 12-week-old were purchased from Funabashi Farm, Ltd., Chiba.
They were kept in metal cages, fed commercial pellet FM (Oriental Yeast Co., Tokyo) and
tap water ad hibitum.

Tumor

The 3LL was originally supplied by N.C.I., Bethesda, Md., U.8.A., and has been kept
by biweekly passages in the syngeneic hosts subcutaneously (s.c.). The local tumors became
palpable around 5 days after inoculation of 1 to 3x10° viable cells/mouse, and grew
progressively until death of the host animals within 25 to 40 days. Msatastatic nodules in
the lungs became macroscopically observable from 10 to 14 days after inoculation.

For the tests, cell suspension was prepared from the 10- to 12-day-old tumors as
described in a previous paper (Kumano et al. 1985). Each specified number of viable cells
was contained in a 0.2-ml-portion of the final cell suspension.

Ge-132

Crystaline Ge-132 was generously provided by Asai Germanium Institute, Tokyo. It
wag dissolved in saline and administered intraperitoneally (i.p., 0.2 mi per dose) according
to the treatment schedules listed in Tables 1 and 2.

Ezperimental design

B6 mice were inoculated with the 3LL cells into the right axilla s.c. on day 0 (1 x 10%/
mouse unless otherwise stated), and randomly divided inte each experimental group of 7 to
10 mice.

Ge-132 was given in 7 daily doses of 10, 100, or 500 mg/kg i.p. from day 1. Seven daily
doses of 100 mg/kg were administered from day —7, 1, or 8. A single dose of 300 mg/kg
was also given on day —1, 1 or 8

Evaluation of the antitumor effect

The effect. on the local tumor and its metastatic spread in the lungs were evaluated as
described in the foregoing paper (Kumano et al. 1985). In the experiment with a smaller
inoculum size {1 x 10 or 10°/mouse), latency before tumor appearance was recorded individ-
ually.
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Postsurgical -adjuvant therapy

B6 mice were inoculated with the 3LL into the left footpad, and the tumor-bearing legs
were surgically removed on day 20. From the next day of surgery, 1 of 4 groups of
randomized mice received 10 daily 1p. injections of Ge-132 at 100 mg/kg. Survival period
was compared to those of the surgery- and the untreated control groups (see aiso the
accompanying paper for more detail {(Kumano et al. 1985).

ResurTs

Temporary ond marginal inhibition of the local tumor growth

As summarized 1in Table 1, effects of Ge-132 on the 3LL local tumor growth
in B6 mice were compared among 8 different treatment schedules. As evaluated
on the basis of mean tumor volume on day 16, the maximum inhibition was
achieved with 7 daily doses of 100 mg/kg from day 1 (Group V, inhibition ratio
63%,). A single dose of 300 mg/kg on day 1 {Group II) or day 8 (Group 1II)
yielded a moderate inhibition {the ratio around 40%,). The prior treatment {7
daily doses at 100 mg/kg, Group IV} also gave a moderate inhibition. However,
hardly any difference was found in the weight of those tumors extirpated on day
21, reaching around 6 gm in all the experimental groups. Thus, the inhibition of
the local tumor growth with Ge-132 was only marginal and was temporary as well.

Schedule-dependent dual effects on the pulmonary metastases

Metastatic spread in the lungs were compared among the above 9 groups on
day 21. Fig. 1 shows the representative lung specimens of (Ge-132 treated (1 of

TasLe 1. Effect of Ge-132 on the 3LL local tumor in BG mice

Ge-132 Treat " Tumor vol. Tumor wt.

Group dose sie]f‘eélzﬁg ‘ on day 16 on day 21
{mg/kg, 1.p.) (cm®) (gm)
I 300 Day —1 1.43+0.75 {11.7) 6.6+ 1.21
IT 300 Day 1 1.01+0.64 (37.7) 6.3+ 1.69
111 300 Day 8 0.95+0.69 (41.4) 5.8+2.88
v 100 Days —T7 to —1 .95+ 0.40 (41.4) 5.7+0.89
v 100 Days lto 7 0.60+0.23 (63.0)* 5.4+ 1.00
VI 100 Days 8to 14 1274 0.68 (21.6) 6.1+1.36
VII 500 Days 1to 7 1.204+0.82 (25.9) 6.4+0.91
VIII 10 Days lte 7 1.254+-0.69 {22.8) 6.242.04
IXt 0 Untreated 1.624+057 ( 0 } 6.0+ 1.68
control

B6 mice {10/group) were inoculated with 3LL on day 0 (1 x10° cells, s.c.).
Each value represents mean+s.n. (inhibition ratio 9%,).

*  p<0.03 (Student’s ¢{-test against Group IX).

¥ Same as Group VI in the foregoing paper.
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CONTROL

Fig. 1. Lungs of B6 mice wnoculated with 3LL
The lungs were excised before insufflated with India ink. Left:

Ge-132 treated (1 of Group V), right : untreated control (1 of Group
IX).

TABLE 2. Schedule-dependent dual effect of Ge-132 on the pulmonary metastases of
3LL in B6 mice

Qe-132 Mean No. of nodules/mouse
a JdO o Treatment (range) Inhibition
roup ks . schedule ratio (25}
(mg/kg, Lp.) Large® Small Total
I 300 Day —1 4.5 10.9 15.4 40.5
(0-17)  (3-32)  (4-41)
1I 300 Day 1 4.1 17.9 22.0 15.1¢
(0-12)  (3-95)  (4-107)
i 300 Day 8 9.1 13.8 22.9 11.6
(2-27) (632}  (R-59)
v 100 Days — 7T to —1 5.7 222 278 —-17.3
{0-11) (6-39) (6-43}
v 100 Days 1to 7 2.5 10.8 13.3% 48.6
(0-8) (1-21)  (1-26)
Vi 100 Days Bto 14 13.0 38.4 51.4% —98.5
(4-32)  {11-75)  {17-107)
VII 500 Days 1to 7 4.8 12.3 17.2 33.6
(1-14)  (3-20) {497
VI 10 Days 1to 17 4.3 22.7 27.0 —4.2
{0-13} (7-55) (B-64)
X 0 Untreated 7.1 18.8 25.9 0
control (1-21} (7-47T} (11-59)

B6 mice (10/group) were inoculated with 3LL on day 0 (1 x10° cells, s.c.}.

a) Diameter>1 mm (most of those in Group III were>>3 mm).

b) Statistically not significant (Student’s i-test against Group 1X).

¢} 61.8%, was obtained excluding ) unusual case with 107 nedules (12 large, 95
small).
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Group V, left) and the untreated control (1 of Group IX, right). Whereas a
numerous metastatic foci are visible on the surface of the untreated one which is
larger in size, the macroscopical view of the treated one is substantially normal.
All these 1dentifiable foci were counted individually after the lungs being
insufflated with dilute India ink (Wexler 1966). The results are summarized in
Table 2.

A dual action of Ge-132 was revealed here depending on the treatment
schedules. Thus, 10 daily doses of 100 mg/kg were inhibitory when started from
day 1 (13 nodules in Group V compared to 26 in Group 1X), whereas the same
treatment delayed until day 8 resulted in a marked facilitation {51 nodules in
Group VI). The prior treatment was of negative effect (Group IV). Ge-132 at
the dosage of 500 mg/kg was only slightly inhibitory (Group VII), while no effect
was observed at 10 mg/kg (Group VIII). A single dose of 300 mg/kg was
moderately inhibitery when administered on day —1 (Group I, inhibition ratio
419,). The one given on day 1 {Group 1I) was also inhibitory with 1 exception
of marked facilitation, yielding the inhibition ratio 629, instead of 159 alto-
gether. A single dose of 300 mg/kg on day 8 (Group III) was of no effect in terms
of the number of foci. It was notable, however, that nearly one-half of those
nodules were extremely large in size (diameter >3 mm}, suggesting an adverse
effect of the treatment. The antimetastatic effect of Ge-132 was thus observed in
strictly defined conditions. Alternatively, Ge-132 was revealed for its schedule-
dependent dual action.

Effect of (e-132 against the mintmized tumor troculum

In another set of experiment, B6 mice were inoculated s.c. with each 104 or 10°
3LL cells, and received a single i.p. dose of Ge-132 at 300 mg/kg on either day 1
or 8. The day of tumor appearance was recorded individually. As shown in

TaBLe 3. Delayed tumor take in (e-132-treated B wmice after inoculation of a
manimized number of SLL cells

Inoculum Ge-132
Group $ize dose treatment
(s.c.) {mg/kg, ip) atme Day 13 Day 16  Day 20  Day 26

Time of Cumulative No. of tumor take/Total (%}

I 1107 300 Day 1 2/8 (2B) 4/8 ( BO)*5/8 ( 63) 6/8 ( 75)

11 1x 104 300 Day 8 4/8 (30) 6/8 ( 75 6/B ( 75) 6/8 ( 75)

111 b 104 0 Untreated 5/8 (63) 8/8 (100) 8/8 (100 8/8 (100
control

v 1 102 300 Day 1 /7 0/7 1/7 /7

v 1x 102 300 Day 8 /6 1/6 2/6 2/6

VI 1x 1P 0 Untreated 0/7 0/7 0/7 0/7
control

* p<0.05 {x*test against Group IIT}).
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TaeLe 4. Negative gffect of postsurgical-adjuvant therapy with

Ge-132
Treatment Survival rate (%)
Group
SBurgery  (Ge-132 Day 50 Day 200
I {(+) (+) 375 (3/ 8) 375 (3/ 8)
11 (+) {(—) 571 (4/ T) 286 (2/ T
11 (—) {(—) 0 (0/10) 0 (0/10)

B6 mice were inoculated with 3LL into the left footpad on day 0
(2.5 x10* /mouse, s.c.).

Radical amputation of the tumor-bearing leg was performed
on day 20.

Ge-132 (100 mp/kg daily ip.) was administered for 10 days
from the next day of surgery.

Table 3, the treatment given on the next day of tumor inoculation was effective
in prolonging the latency before tumor take (10*). Thus, the cumulative tumor
incidence in Group I was 50%, on day 16 (p < 0.05), 63%, on day 20, and 75%, on
day 26, while that in Group III was already 100%, by day 16. However, the
delayed treatment was of negative effect, no significant difference being found
among Groups II and III. The incculum size of 10° seemed to be insufficient,
since no tumor take was found in any one of the untreated controls during the
observation period.

Negative effect of the postsurgical-adjuvant therapy

The possible beneficial effect of Ge-132 in the postsurgical-adjuvant model
was examined in 1 of 4 groups of mice described in the previous paper (Kumano
et al. 1985). Ge-132 at a daily dose of 100 mg/kg i.p. was administered for 10
days from the next day of surgery which was performed on day 20, and the
survival rate was compared among the experimental groups. As shown in Table
4, Ge-132 gave no further improvement of the surgical ‘cure’ as evaluated on either
day 50 or 200.

Discussion

In the present study, Ge-132 was examined for its possible antitumor effect in
a syngeneic transplantable tumor model, the 3LL in B6 mice. Preferential
inhibition of the pulmonary metastases was found as the characteristic feature of
its action. The antimetastatic effect of Ge-132 was observable only under limited
conditions ; either inhibition or facilitation was found depending on the treat-
ment schedules. In this respect, Ge-132 was not exceptional of a variety of
immune response modifiers in the literature (Proctor et al. 1977 ; Seshadri and
Poduval 1980). A notable diserepancy was occasionally found in the therapeutic
outcome even with the same treatment schedule ; for instance, a marked facilita-
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tion in one exceptional case of Group II (Table 2). The host status seemed to be
an important variable of the efficacy of this compound, in addition to the treat-
ment schedules described above. The number of tumor cells present at the time
of treatment was also suggested as a relevant factor, since Ge-132 was only capable
of inhibiting the metastasis formation at an earlier stage, allowing the local tumor
growth substantially unaffected unless the inoculum size was minimized. Ge-132
showed no curative effect against those preexisting metastases in the present model
of postsurgical-adjuvant therapy.

Evidence is now available suggesting this compound to be a biological
response modifier. Thus, IFN-inducing activity has recently been revealed in
association with augmentation of natural killer (NK) activity and activation of
macrophages in mice (Aso et al. 1982), although not exactly in the present
tumor-host system. 1FN-inducing activity was also found in humans after oral
administration of Ge-132 (Miyao et al. 1980). A group of ‘immunopotentiators’ of
varwous origins with known antitumor and/or antiviral activities were also
demonstrated for their IFN-inducing activity and NK augmentation (Ebina et al.
1981 ; Suzuki 1983). On the other hand, the antitumor action of IFN (Gresser
and Bourali-Maury 1972) or IFN-inducers {Morahan et al. 1974 ; Snodgrass et al.
1975) was observed in the 3LL/B6 model. Despite our above findings with
(e-132, IFN was reported to be equally inhibitory against the local and metastatic
tumor growth, even when treatment was delayed until 6 or 8 days after tumor
inoculation. All these data taken together may still suggest the possible contri-
bution of IFN and the above cellular components to the antimetastatic effect of
Ge-132, probably being involved in the complexities of self-regulatory mecha-
nisms (Evans 1983). The dual effects of Ge-132 revealed in the present study
seems to be reflective of such a complicated aspect of its action. A better
understanding of the relevant mechanisms is essential before one can expect its
beneficial effect, while any possible adverse effect(s) being avoided.

References

1) Aso, H, Suzuki, F., Yamaguchi, T., Hayashi, Y., Ebina, T. & Ishida, N. (1932}
Induction of interferon and activation of NK cells and macrophages in mice by oral
administration of Ge-132, an organic germanium compound. Jap. J. Cancer
Chemother., 9, 1976-1980. (Japanese)

2) IEbina, T., Sakai, A., Baito, M., Yamaguchi, T., Aso, H., Koi, M., Kobayashi, E.,
Hayashi, Y., Takahashi, K., Abe, 8., Kuroda, Y., Arai, 8., Wakasugi, H. & Ishida, N,
(1981) Interferon induction and augmentation of natural killer cell activity by
mmmunopotentiators.  Tgaku-no-Agumd, 117, 229 234. (Japanese)

3) Evans, C.H. (1983) Lymphokines, homeostasis, and carcinogenesis. J. nat. Cancer
Inst., 71, 253-257.

4} Gresser, I. & Bourali-Maury, C. (1972) Inhibition by interferon preparations of a
solid malignant tumour and pulmonary metastases in mice. Nature New Biol., 236,
T8-79.

5}  Kuga, N., Oboshi, 8., Sato, H. & Sato, R. (1976} Inhibition of senile amyloidosis of
mice by biscarboxyethyl germanium sesquioxide. Acta path. jap., 26, 63-71.



104

6}

10)

11)

13}

14}

N. Kumano et al.

Kumano, N, Nakai, Y., Ishikawa, T., Koinumaru, 8., Suzuki, 8. & Konne, K. (1978)
Effect of carboxyethylgermanium sesquioxide on the methylchelanthrene-induced
tumeorigenesis in mice. Sei. Rep. Res. Imst. Tokokw Univ. C, 25, 89-95.

Kumano, N, Suzukl, 3., Ishikawa, T., Koinumaru, 8. & Konno, K. (1985) Antitumor
effects of the yeast polysaccharide preparation in syngeneic mouse tumor models.
Tohoku J. exp. Med., 146, 89-96.

Mayo. J.G. {1972) Biologic characterization of the subcutaneously implanted Lewis
lung tumor. Cancer Chemother. Rep., Part 2, 3, 325-330.

Miyao, K., Onishi, T., Asal, K., Tomizawa, 3. & Suzuki, F. (1980} Texicology and
phase T studies on a novel organogermanium compeund, Ge-132. Proe. 11th Int.
Congr. Chemother., pp. 1527-1529.

Morahan, P.8., Munson, J.A., Baird, L.G., Kaplan, AM. & Regelson, W. (1974)
Antitumor action of pyran copolymer and tilorone against Lewis lung carcinoma and
B-16 melanoma. Cancer Res., 34, 506G 511,

Nagata, T., Nagata, T., Aramaki, Y., Eromoto, M., Isaka, H. & Otsuka, J. (1978)
Chronie toxicity study of intravenously administered carboxyethylgermanium
sesquioxide in beagie dogs.  Pharmacometrics {Oyo-Yakury), 16, 613-636. (Japanese}
Otkawa, H. & Kakimoto, N. (1968) Syntheses of g-trichloregermyl derivatives.
Proc. 21st Arnual Meetings of Jap. Chem. Soc., p. 1946, {Japanese)

Proctor, J.W., Auclair, B.G., Stokowski, L., Mansell, P.W.A. & Shibata, H. (1977)
Comparison of effect of BCG, glucan and levamisele on B16 melanoma metastases.
Europ. J. Cancer, 13, 115-122.

Sato, R. & Tshikawa, A. {1973) Effect of carboxyethylgermanium sesquioxide on the
blood pressure of the spontaneous hypertension rats (SHR).  Kiso-to-Rinsho, 7, 105-
112, (Japanese)

Sato, H. & Iwaguchi, T. {1979) Antitumor effect of a novel organogermanium
compound, Ge-132.  Jap. J. Cancer Chemother., 6, 79-83. (Japanese)

Seshadr, M. & Poduval, T.B. (1980} TImmunity stimulation and metastasis. Cancer
Immunol. Immunother., 9, 213-218.

Sugiura, K. & Stock, C.C. {1935) Studies in a tumour spectrum : 11 The effect of
phosphoramides on the growth of a variety of mouse and rat tumours. Cancer Res.,
15, 38-51.

Bnodgrass, W.J., Morahan, P.8. & Kaplan, A M. (1975) Histopathology of the host
response to Lewls lung carcinoma:  Modulation by pyran. J. nat. Cancer Inst., 55,
459 462,

Suzuki, 8. (1983) Studies on the interferon-inducing activity of the yeast polysac-
charide with reference to its antitumor effect in mice. Sci. Rep. Res. Inst. Tohoku
Ungv. €', 30, 56-64.

Tomizawa, 8., Suguro. N. & Kagoshima, M. (1978) Studies on general phar-
macological effects of some germanium compounds.  Pharmacometrics (Oyo-Yakur),
16, 671-682. (Japanese)

Tsutsui, M., Kakimoto, N, Axtwell, D.D., Oikawa, H. & Asal, K. (1976) Crysial
structure of ‘carboxyetbylgermanium sesquioxide’. J. Amer. chem. Soc., 98, 8287 -
8289,

Wexler, H. (1966) Accurate identification of experimental pulmonary metasvases.
J . nat. Cancer Inst.. 36, 641-645.




