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The observations by Rosenberg and co-
workers (1-3) of the effects of certain plati-
num complexes on growth of Escherickia coli
led to the subsequent demonstration of the
particular effectiveness of cis-dichlorodiam-
mineplatinum (IT) (cis-PtII, NSC-119875)
against a number of rodent tumors (4-10);
clinical trials of this compound have been re-
ported from several institutions (11-14).

We report now the antitumor action of a
bidentate arylamine congener of cis-PtII,
along with studies of certain of its effects on
tumor cells in vitro.

Materials and Methods. The previously
undescribed  dichloro (4,5-dimethyl-o-phenyl-
enediamine-V ,N’)platinum (II) (DDPP) was
synthesized from 4,5-dimethyl-o-phenylene-
diamine (Aldrich Chemical Co.) and potas-
sium tetrachloroplatinate (a generous gift
from Matthey Bishop, Inc.) by a straightfor-
ward adaptation of a method used for the
synthesis of other cis-dichloro-platinum com-
pounds containing amine-ligands. The ligand
(0.33 g) was dissolved in 100 ml of distilled
water and acidified slightly with a few drops
of 1.0 N HClL. To this was added a filtered
solution of 1.0 g of KyPtCly in 10 ml of wa-
ter, and the mixture was heated in a water
bath at 70° for 30 min. The yellow product
was filtered, washed with water and ether,
and dried overnight at 45°. The yield was
76%. Elemental analyses (Galbraith Labo-
ratories) showed the following percentage
values (theoretical values are in parenthe-

1 Aided by Research Grants CA-11811 and CA-
12791 from the National Institutes of Health, by
Institutional Grant IN-101 from the American
Cancer Society, and by research funds from the
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ses): C, 23.87 (23.89); H, 2.95 (3.01); N,
6.87 (6.97); Cl, 17.75 (17.63); Pt, 48.48
(48.51). TIts infrared absorption spectrum,
recorded as a KBr pellet with a Perkin-Elmer
model 467 spectrometer, is shown in Fig. 1,
and its structural relationship to cis-PtII is
shown in Fig. 2.

The course of the hydrolytic aquation re-
action of DDPP, in which the neutral di-
chloro complex is converted to the di-aquat-
ed, doubly positively charged species upon
the loss of two chloride ions, was measured
with a Buchler-Cotlove chloridometer.

The E. coli strain B (ATCC no. 11303)
was grown on a synthetic agar medium (15).
Cells from the periphery of the inhibitory
zone surrounding a few crystals of DDPP
placed directly on the seeded agar were
stained with gentian violet and photographed.

The Ehrlich ascites tumor was maintained
in BALB/c mice (Flow Laboratory Animals)
and the L1210 leukemia in BDF; mice
(Sprague-Dawley). DDPP for ip injection
was prepared by sonication in 0.9% NaCl to
obtain a suspension sufficiently disperse to
pass readily through a No. 24 hypodermic
needle.

The rates of synthesis of DNA, RNA, and
protein in Ehrlich ascites tumor cells i vitro
were assessed by the respective rates of in-
corporation of thymidine-methyl-*H, uridine-
5-*H, and 1-leucine-*H (New England Nu-
clear Corp.) into the acid-insoluble fraction
of the cells. The cell suspensions were pre-
pared at 1.0% (v/v) in Eagle’s minimum
essential medium with Hanks’ balanced salt
solution (MEM). Each isotopically labeled
precursor was added to a final activity of 0.5
uCi/ml. DDPP was added in dimethylsulf-
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oxide (DMSO); the final DMSO concentra-
tion was 1.0% in all vessels including con-
trols. The reactions were terminated with an
equal volume of cold 109 trichloroacetic
acid (TCA), and the acid-insoluble material
was washed thrice with cold 5% TCA. After
solubilization in 2.0 ml of 1.0 M hydroxide
of Hyamine and addition of a phosphor solu-
tion composed of PPQ (5 g/liter) and PO
POP (0.3 g/liter) in toluene, radioactivity
was measured with a liquid scintillation spec-
trometer (Nuclear Chicago Corp., Mark I).

For studies of the effects of DDPP on cell
viability iz vitro, tumor cells were prepared
at 04% (v/v) in a suspending medium of
MEM:ascitic fluid:0.067 M phosphate bufi-
er, pH 7.4, in proportions of 8:1:1, and a 2
X 10—* M solution of DDPP or cis-PtII was
prepared in the same medium. One part of
this solution was added to 1 part of the cell
suspension, yielding a 0.2% cell suspension
and a DDPP concentration of 10—* M. At
intervals during incubation at 37°, a drop
was removed from each vessel, mixed with a
small volume of 1% trypan blue on a slide,
and viable cells were detected as those which
totally excluded the dye.

Results and Discussion. The course of the
aquation reaction of DDPP, as well as of
cis-PtIl, is shown in Fig. 3. Even though the
initial rate of loss of chloride from DDPP
was somewhat less than that of the corre-
sponding reaction of ¢is-PtII, equilibrium
values attained with the two compounds were
virtually identical. The relative insolubility
of DDPP in aqueous media necessitated per-
forming these measurements on a solution of
each compound in a DMSO:water mixture of
1:1. The equilibrium value attained with cis-
PtII in water without DMSO corresponded to
a value of only 319 hydrolysis, but mean-
ingful measurements could not be made with
DDPP in water without the solubilizing ac-
tion of DMSO.

The morphologic aberration incurred by
cells of E. coli grown in the presence of DD
PP is shown in Fig. 4. This filamentous type
of growth is typical of the so-called “unbal-
anced” type, and is generally considered to
represent maintenance of cell synthetic proc-
esses in spite of failure of some step in the
replicative mechanism.

The increased survival times of BALB/c
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Fic. 1. Infrared absorption spectrum of DDPP,
measured as a KBr pellet in a N» atmosphere.
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mice bearing the Ehrlich tumor and which
were treated with DDPP are shown in Table
I. Even though a substantial weight loss oc-
curred at the highest doses used, there were
no deaths resulting from toxicity; each mouse
which succumbed had clear evidence of gross
tumor development. Only 1 of 6 dosage regi-
mens yielded a mean increased survival time
of less than 100%.

In 3 experiments in which BDF; mice
bearing the 11210 leukemia were treated with
various regimens of DDPP, each dose sched-
ule tested increased the mean survival time
over 40%, and 10 of 12 regimens yielded a
mean increased survival of over 50% (Table
II). A single injection of 200 mg/kg caused
no fatalities; however, a total dose of 300

60
o8
50 - o—
o/
40 /
?
; o
£ 0 '
>
= / ® DDPP
R i -
20 /° O cis-Pt1
(o]
104
0 T T T T T i ——
0 | 2 3 4 5 6 24
HOURS

mg/kg given as 2 equal injections on Days
1 and 5 was quite lethal.

To assess any similarity of action of DD
PP to that of cis-PtIT (5), Ehrlich tumor
cells were incubated with DDPP i vitro for
various intervals prior to addition of radio-
actively labeled precursors to monitor the
rates of synthesis of DNA, RNA, and pro-
tein. Figure 5 shows that each synthetic proc-
ess was impeded following a 1.5-hr incuba-
tion with DDPP; the synthesis of RNA and
protein proceeded at about one-fifth the con-
trol rate while synthesis of DNA ceased vir-
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F1c. 3. Course of the aquation reaction of DDPP
and of ¢is-PtII in H.,O:DMSO (1:1) at 25° as
measured by loss of CI”, Each neutral complex was
at an initial concentration of 6 X 107 M,

Fic. 4. Filamentous growth of E.
induced by DDPP. Inset, control cells.
violet stain, X 300.
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TABLE I. Effect of DDPP on Survival Times of BALB/c Mice Bearing the Ehrlich Ascites

Tumor.®
% Increase Mean
Mean survival of mean wt No. of
Dose/injection Treated time survival change® toxic
Expt (mg/kg) on day(s) (days + SD) time p () deaths
A 0 169+ 25 +2.3
25 1 29.1 + 16.8 72 <.10 +0.1 0
50 1 43.6 + 115 158 <001 —26 0
100 1 370+ 93 119 <.001 —5.0 0
B 0 146 + 1.1 +3.3
10 1-7 315+ 5.1 116 <001 —34 0
25 1,4,7,10 350+ 32 140 <.001 —43 0
40 1,7 403 = 8.7 176 <.001 —338 0

¢ Each group contained 8 mice, and each mouse was given 107 tumor cells on Day 0.

b Between Days 1 and 8.

tually completely. These data differ from
those obtained with cis-PtII (S) in only a
temporal fashion. With the latter drug, the
action was more gradual in onset, and sub-
stantially complete inhibition was attained
only after about 4-hr incubation with the
drug. With graded concentrations of DDPP
and using a standard preincubation time of
1.5 hr, the 50% inhibitory concentrations of

DDPP on synthesis of DNA, RNA, and pro-
tein were 3 X 1075 5 X 1075 and 5 X
10—3 M, respectively.

To detect the extent of reversibility of the
inhibitory action of DDPP Ehrlich tumor
cells were incubated for 1.5 hr with the com-
pound at concentrations which would yield
80-100% inhibition of synthesis of each mac-
romolecular class. Aliquots were sedimented,

TABLE 11. Effect of DDPP on Survival Times of BDF, Mice Bearing the L1210 Leukemia.®

% Increase Mean
Mean survival of mean wt No. of
Dose/injection Treated time survival change?® toxic
Expt (mg/kg) on day(s) (hr = SD) time 14 () deaths
Ac 0 164 + 8 +2.8
7.5 1-5 245 + 20 49 <001 —0.5 0
15 1-5 270 + 29 65 <001 —0.7 0
25 1,35 262 + 37 60 <.001 —~2.2 0
100 1 248 + 15 51 <001 —0.5 0
B 0 168 + 12 +2.8
100 1 276 + 30 64 <.001 —1.0 0
125 1 258 + 18 54 <001 —1.0 0
150 1 283 + 32 69 <001 —2.1 0
Cc 0 163 = 6 12.6 0
100 15 284 + 29 74 <.001 —2.0 0
150 L5 (Toxic) —1.7 7
150 1 257 + 16 58 <001 —09 . 0
175 1 268 + 13 64 <.001 —11 0
200 1 265 + 21 62 <.001 —1.7 0

¢ Each group contained 8 mice, and cach mouse was given 10° leukemia cells ip on Day 0.

¥ Between Days 1 and 6.

¢ Two groups of 8 mice were treated with cis-PtIl in Expt A, yielding the following: at 10
mg/kg on Day 1 only, 919, increased survival; at 2.5 mg/kg on Days 1-5, 62%, increased survival.
The respective weight changes in these 2 groups between Days 1 and 6 were —3.2 and —2.8 g.
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Fic. 5. Inhibition by DDPP (10™* M) of synthesis
of DNA, RNA, and protein in Ehrlich ascites tumor
cells in wvitro.

washed either with MEM devoid of DDPP
or with MEM containing the compound at
the same concentration as was present dur-
ing the 1.5-hr period of preincubation, and
finally resuspended to the original volume in
the appropriate medium. Subsequent mea-
surement of the rate of incorporation of each
labeled precursor showed that inhibition,
once established, was irreversible within the
limits of the experimental design (Table TII).
In addition, cells which were labeled with thy-
midine-methyl-*H, uridine-5-H or r-leucine-
SH, washed free of unincorporated radioac-
tivity, and then incubated with DDPP at a
concentration of 10—* M showed a consider-
able time-dependent loss of the incorporated
label from the acid-insoluble fraction of the
cells (Fig 6).

To obtain a direct measure of the loss of
cell viability upon incubation with DDPP,
cells were incubated in the supplemented
MEM with the compound at 10—* M and an
aliquot was examined at each 30-min inter-
val to determine the percentage of cells which
excluded trypan blue. Figure 7 shows a more
rapid rate of loss of viability in the presence
of DDPP (50% nonviable cells after 2.8 hr)
than occurred in the presence of an equiva-
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TABLE III. Persistence of the Inhibitory Action
of DDPP on Synthesis of DNA, RNA, and Protein
in Ehrlich Ascites Tumor Cells in Vitro.®

DDPP (10 M) in

Synthesis Incubation =~ Washing  Inhibition
of medium medium (%)
DNA — —
+ — 93
+ + 9
RNA — —
+ - 83
i + 92
" Protein — —
+ — 80
+ - 89

*A 19, (v/v) suspension of tumor cells in MEM
was incubated with (4) or without (—) DDPP for
15 hr at 37°. The cells were then washed thrice
with fresh MEM with (4) or without (—) DDPP,
and finally suspended in the original volume in
the appropriate medium. Aliquots of 3.0 ml were
incubated for 20 min with thymidine-methyl-*H,
uridine-5-°H, or L-leucine-*H, each at 0.5 nCi/ml,
prior to termination of the reaction with 3.0 ml of
cold 109, TCA. Values given in the last column are
the averages of 3 separate experiments, each of
which was done in duplicate.

lent concentration of c¢is-PtIT (509 non-
viable cells after 6.2 hr). Since DDPP had a
slower rate than cis-PtIT as regards aquation
with the loss of C1— (Fig. 3), presumably an
event tantamount to pharmacological “acti-
vation,” the more rapid rate of loss of cell
viability conferred by DDPP may be a re-
flection of a more rapid rate of passage of
this organoplatinum congener through the
cell membrane.

Summary. Dichloro (4,5-dimethyl-o-phenyl-
enediamine-V,N’)platinum (IT) (DDPP) was
synthesized by the reaction of 4,5-dimethyl-
o-phenylenediamine with potassium tetrachlo-
roplatinate. The resulting compound extend-
ed up to 176% the survival times of BALB/c
mice bearing the Ehrlich ascites tumor and
up to 74% the survival times of BDF,
mice bearing the L1210 leukemia. In studies
using Ehrlich ascites tumor cells in vitro,
DDPP was found to be a potent inhibitor of
synthesis of DNA, RNA, and protein; the
concentrations which conferred 509 inhibi-
tion following 1.5 hr of incubation with the
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F16. 6. Decrease in acid-insoluble radioactivity in
cells containing thymidine-methyl-*H-labeled DNA,
uridine-5-*H-labeled RNA, and 1-leucine-*H-labeled
protein upon subsequent incubation with DDPP
(10 M).

compound were 3 X 10=5% to 5 X 1075 M.
Inhibition of nucleic acid and protein syn-
thesis in wvitre, once established, was not
ameliorated by washing the cells with fresh
medium devoid of DDPP. Cellular DNA,
RNA, and protein, each appropriately labeled
with a radioisotopically labeled precursor, be-
came more acid-soluble upon incubation of
the cells in vitro with DDPP. The rate of
loss of viability of cells incubated in vitro
with DDPP, as assessed by the trypan blue
exclusion method, was found to be consider-
ably greater than the rate obtained upon in-
cubation of cells with an equivalent concen-
tration of cis-dichlorodiammineplatinum (I1I).

1. Rosenberg, B., VanCamp, L., and Krigas, T,
Nature (Londen) 205, 698 (1965).

2. Rosenberg, B., VanCamp, L., Grimley, E. B,
and Thomson, A. J., J. Biol. Chem. 242, 1347 (1967).

3. Rosenberg, B, Renshaw, E., VanCamp, L,
Hartwick, J., and Drobnik, J., J. Bacteriol. 93, 716
(1967).

4. Rosenberg, B., VanCamp, L., Trosko, J. E., and
Mansour, V. H., Nature (London) 222, 385 (1969).

5. Howle, J. A, and Gale, G. R, Biochem.

ANTITUMOR PLATINUM COMPOUND

100
— -2 . ° o
X x—9 ¥
90 1 \x\
80 { X

% Viable Cells
3 3

N
o
"

204 @ Control

o DDPP Q
X cis-PtIO
°] \\ x
o
o] T T T v
0 2 3 4 5 [} 7
HOURS

F1c. 7. Reduction of viability of Ehrlich ascites
tumor cells iz vitro as a function of time of incuba-
tion with DDPP or cis-PtII (each at 10™* M). A
total of 200 cells was counted to obtain each point
on the graph, and the values are the means of 3
experiments.

Pharmacol. 19, 2757 (1970).

6. Kociba, R. J., Sleight, S. D., and Rosenberg,
B., Cancer Chemother. Rep. (Part 1) 54, 325 (1970).

7. Talley, R. W., Proc. Amer. Ass. Cancer Res.
11, 78 (1970).

8. Rosenberg, B., and VanCamp, L., Cancer Res.
30, 1799 (1970).

9. Leonard, B. J., Eccleston, E., Jones, D., Todd,
P., and Walpole, A, Nature (London) 234, 43
(1971).

10. Welsch, C. W., Proc. Amer. Ass. Cancer Res.
12, 25 (1971).

11. Lippman, A., Helson, C., Helson, L., Kaufman,
R, and Krakoff, I. H, Proc. Amer. Ass. Cancer
Res. 13, 40 (1972).

12. Talley, R. W., O'Bryan, R. M., Brownlee,
R. W., and Gastesi, R. A, Proc. Amer. Ass. Cancer
Res. 13, 81 (1972).

13. Hill, J. M., Loeb, E., Speer, R. J., MacLellan,
A., and Hill, N. O., Proc. Amer. Ass. Cancer Res.
13, 20 (1972).

14. DeConti, R. C., Lange, R. C., Harder, H. C,
and Creasey, W. A., Proc. Amer. Ass. Cancer Res.
13, 96 (1972).

15. Davis, B. D., and Mingioli, E. S., J. Bacteriol.
60, 17 (1950).

Received Dec. 26, 1972. P.SEB.M,, 1973, Vol. 142,




