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Increased Lifespan by the Sequential Treatment with Improsulfan and
Cyclophosphamide in Rats bearing Yoshida Ascites Sarcomal
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Improsulfan had the topical antitumor activity against Yoshida sarcoma cells, in
comparison with cyclophosphamide. The mean survival time of rats bearing the tumor
treated intraperitoneally with each optimal dose of improsulfan (10 mg/kg/day) or cyclo-
phosphamide (5 mg/kg/day) from day 3 for 2 weeks was 32.2 or 31.7 days, respectively.
In the sequential treatment of the two drugs, the mean survival time of the group ad-
ministered with improsulfan for the first week and with cyclophosphamide for the second
week was 46.3 days, which was the longest day among all of the groups tested. The
therapeutic effect may be improved even by combinations of alkylating agents.

Various combinations of antitumor drugs have been tested clinically and preclinically to
enhance drug effects. Antitumor drugs, having different fundamental mechanisms of action,
have been combined in many studies. The enhancement on rodent tumor systems was reported
by combinations of two alkylating agents,® which are considered to have essentially the same
mechanism of action. The drugs classified as alkylating agents showed individually differences
in other properties in experimental systems.® There are possibilities to enhance drug effects
by combinations of alkylating agents selected on the basis of these properties in certain tumor
systems.

This paper deals with the combination effect of two alkylating agents, improsulfan and
cyclophosphamide, on Yoshida sarcoma.

Experimental

Drugs——Iminodipropyldimethanesulfonate 4-toluenesulfonate (improsulfan), N-methyliminodipropyl-
dimethanesulfonate 4,4’-biphenyldisulfonate (838-D), nitrogen mustard, nitrogen mustard N-oxide and bu-
sulfan synthesized in this laboratory, and the commercial product of cyclophosphamide (Shionogi Pharma-
ceutical Co.) were used. These drugs except busulfan were dissolved in saline solution immediately before
use. Busulfan was suspended in saline solution containing 1% Tween 80. The solution was administered
once daily at a dose of 10 ml/kg body weight of each rat.

Animal and Tumor. Male Donryu rats (6 and 7 weeks old) supplied from Nippon Rat Co., were used.
The experimental procedures were the same as those described in the previous paper.» One ml of cell suspen-
sion containing 10° cells of Yoshida sarcoma was inoculated intraperitoneally on day 0. Survival times of
tumor-bearing rats were observed for 30 or 60 days after inoculation. In the experiment of the solid tumor,
5x 108 cells were inoculated subcutaneously in the back of rats. The test solution was administered from
day 3 to 6. On day 7, the tumors were removed and weighed. The percentage inhibition of tumor growth
was calculated. The dose corresponding to 50% inhibition was determined graphically from the dose-re-
sponse relation and expressed as EDy,,.
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© . 'The minimum effective dose (MED) was determined cytomorphologically on day 5 according to the
method described in the previous paper.®) Single intraperitoneal administration of a drug was made on day
3 after intraperitoneal inoculation.

Results

Effect on the Ascites and the Solid Tumor by Intraperitoneal Administration (Table I)

The optimal dose of improsulfan was nearly equal to its EDj, and was larger than its MED.
The MED was a similar value to the EDj, in the case of nitrogen mustard N-oxide and cyclo-
phosphamide. The EDy, of 838-D or nitrogen mustard was a larger value than their MEDs
and was less than their optimal doses, respectively. Busulfan showed no significant difference
in these doses and did not prolonged significantly survival times of rats bearing the ascites
tumor, and emaciated the animals at a dose of 10 mg/kg/day.

TaBLE I. Antitumor Activity of Alkylating Agents on the Ascites and the Solid
Tumor of Yoshida Sarcoma by Intraperitoneal Administration

Ascites tumor

Solid tumor

Drug MED Optimal dose ED,,
mg/kg mg/kg/day mg/kg/day
838-D ‘ 1 - 5—10 2.5
Improsulfan 1 10—25 20
Busulfan . 5—10 10 7.5
Cyclophosphamide 1 5—10 0.76
" Nitrogen mustard 0.05 =0.5 ’ 0.19

Nitrogen mustard N-oxide 1 5—10 0.98

Optimal doses were obtained from the treatments from day 3 for 2 weeks.

Effect on the Solid Tumor by Intraperitoneal or Subcutaneous Administration (Table II)

The dose corresponding to the EDg, of each drug, as shown in Table I, was administered
for 4 days. The subcutaneous treatment of improsulfan resulted in a marked effect compared
with that of the intraperitoneal treatment. The effect of busulfan or cyclophosphamide was
similar, 1rrespect1ve of the route of drug administration.

TaBLe II. Antitumor Activity of Alkylating Agents on the Solid Tumor of Yoshida
Sarcoma by Intraperitoneal or Subcutaneous Administration

Growth rate (T/C, %)

Dru Dose .
8 mg/kg/day i.p. s.c.
- Improsulfan ' 20 55.3 18.8
Busulfan - 7.5 73.9 62.2
Cyclophosphamide 0.8 39.6 32.8

Administration was made from day 3 to 6. In the case of subcutaneous administration, the drugs
were given in the near part of the solid tumor. Each value shows the average of 6 rats.

Effect on the Early or the Advanced Stage of the Ascites Tumor (Fig. 1)

Single administration of improsulfan or cyclophosphamide was made 1ntraper1toneally at
adose of 5 mg/kg. The mean survival time of the group received improsulfan on day 0 was 23
days. Administration of improsulfan on day 5 showed no effect. The single treatment of
cyclophosphamide on day 0, 3, or 5 was effective. Against the advanced tumor, improsulfan
was less effective than cyclophosphamide. :

6) T. Yoshida, M. Ishidate, Y. Sakurai, H, Satoh, and H, Imamura, Gann, 45, 484 (1954).
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Combination Effect of Improsulfan with Cyclo-
phosphamide on the Ascites Tumor (Table III
and IV)

The optimal dose of improsulfan (10 mg/
kg/day) or cyclophosphamide (5 mg/kg/day)
was administered intraperitoneally. In the
treatment from day 3, the mean survival time
of the group treated simultaneously with the
both drugs was similar to that produced by
each drug alone. The group treated with
improsulfan for the first week and then with
cyclophosphamide for the second week, lived
the longest among the groups tested. The
toxicity, checked by change in body weight of
the rats during the period of administration,
was not enhanced by this sequential treatment.

As shown in Table IV, the treatments from -
day 5 had a tendency to be less effective than
those from day 3. The mean survival times of
the groups received the combined treatments
with improsulfan and cyclophosphamide were
not longer than that treated with each drug
alone.

Survival time (days)

(=)
[o; 1

Days after inoculation

Fig. 1. Effect of Single Intraperitoneal
Administration of Improsulfan and Cyclo-

~ phosphamide at a Dose of 5 mg/kg on the
Early and the Advanced Stage of Yoshida
Ascites Tumor

~ Administration of each drug on day 0 was made imme-’
diately after inoculation. Each value shows the mean
survival time with its standard error of 6 rats. Rats sur-
viving over 30 days were calculated as 30 day survivors
and given in parentheses. The survival time of the un-
treated group was 7.34:1.0 days.

—@—: improsulfan —(O—: cyclophosphamide

TasLE III. Survival Times of Rats Bearing Yoshida Ascites Sarcoma by Treatments .
with Improsulfan and Cyclophosphamide from Day 3

Drug and dose (mg/kg/day, ¢.p.)

Survival time

First week (day 3—8) Second week (day 10—15) days®
Improsulfan (10) —b) - 30.8+4.2-(3)

_ Improsulfan (10) o . improsulfan (10) . 32.2+5.2 (8) .
Cyclophosphamide (5) - , ' 26.4+3.5 (2)
Cyclophosphamide (5) cyclophosphamide (5) 31.7+£5.1 (3)
Improsulfan (5)+ improsulfan (5)+ )

Cyclophosphamide (2.5) - cyclophosphamide (2.5) 85.0£5.4 (4)
Cyclophosphamide (5) improsulfan (10) 31.8+6.1 (49
Improsulfan (5) cyclophosphamide (5) 46.3+5.4 (7)
Untreated control 7.5+£0.6 (0)

@) mean + standard error (#=12) Rats surviving over 60 days were calculated as 60 day survivors and

given in parentheses.
&) no treatment

TaBLe IV. Survival Times of Rats Bearing Yoshida Ascites Sarcoma by Treatments
with Improsulfan and Cyclophosphamide from Day 5

Drug and dose (mg/kg/day, 7.p.)

Survival time

First week (day 5—10) Second week (day 12—17) days®
Improsulfan (10) —D 17.345.0 (1)
Improsulfan (10) improsulfan (10) 26.8+6.4 (2)
Cyclophosphamide (5) — 21.0+6.9 (3)
Cyclophosphamide (5) cyclophosphamide (5) 29.1+6.1 (3)
Improsulfan (5) + improsulfan (5) + » ’ '
Cyclophosphamide (2.5) cyclophosphamide (2.5). 24.3+6.6 (3)
- Cyclophosphamide- (5) - improsulfan (10) v ’ 28.945.8 (2)
Improsulfan (10) cyclophosphamide (5) : 26.1+6.3 (2)
Untreated control - 7.2+1.4 (0)

a), b) See Legend for Table III.
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Discussion

The aim of combination chemotherapy against tumor is to find effective modalities of
treatment. The synergistic action of the simultaneous combination of two alkylating agents
was reported with respect to inhibition of growth of experimental tumors.®) Therapeutic
synergism was found in combinations of two alkylating agents, 1,3-bis(2-chloroethyl)-
I-nitrosourea with other alkylating agents.3®

In this study, the combination of improsulfan and cyclophosphamide was examined for
increase in the lifespan of rats bearing Yoshida ascites sarcoma. An optimal dose of each drug
which was obtained from the treatment from day 38 for 2 weeks, 10 mg/kg/day for improsulfan
or 5 mg/kg/day for cyclophosphamide was given intraperitoneally to the rats as a dose of each
drug alone. Therapeutic synergism was obtained by the sequential treatment from day 3 with
improsulfan for the first week and with cyclophosphamide for the second week, but not ob-
tained by the treatment of cyclophosphamide followed by improsulfan. It was found that
there were differences in biological activities of the two drugs against Yoshida sarcoma, as
shown in Table I and II, and Fig. 1. Improsulfan had the topical antitumor activity against
Yoshida sarcoma cells, in comparison with' cyclophosphamide. It is likely that improsulfan
is consumed rapidly by reaction with body components after parenteral administration,” and
cyclophosphamide distributes in an active form to various tissues. A possible mode of this
therapeutic synergism is the cell-killing process like “priming-dose therapy.®” The treatment
of improsulfan may lower initially large populations of the tumor cells in the peritoneal cavity,
and the subsequent doses of cyclophosphamide may inhibit the tumor cells disseminated into
various tissues.

The tumor cells inoculated intraperitoneally grow in the peritoneal cavity and disseminate
into various tissues.” These properties of the tumor cells seem to be favorable to the sequen-
tial treatment of the two drugs.

Therapeutic synergism was not observed by the combined treatment of the two drugs from
day 5, which was the advanced stage of the tumor. '

The antitumor activity of improsulfan is considered to be the most topical among the
alkylating agents tested in this study. Improsulfan is effective in the clinical therapy of chro-
nic myeloid leukemia and polycythemia vera by oral administration,'® and will be useful as a
drug for regional chemotherapy. Cancer chemotherapy may be improved by combmatlons of
certain alkylating agents, which have different properties.
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