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Introduction

Following the earlier observation of Rosenberg
et al. [1] that cis-Pt(NH;3),Cl; (cis-PDD) is an effective
anti-tumor agent, it was reported that cytological
changes were induced in Escherichia coli (E. coli)
by this drug [2—4]. Inhibition of DNA, RNA and
protein synthesis were also reported for a number of
platinum containing compounds in both bacteria and
eukaryotic cells [5-7].

Explanations of the major changes in anti-tumor
activity, with only minor changes in the platinum
agent’s structure were not easily rationalized [8, 9].
We have investigated the potential inhibitory action
on DNA, RNA and protein synthesis in bacterial cell
cultures of twelve platinum complexes. From these
results, we draw some conclusions concerning the
predictability of these new compounds in cancer
chemotherapy. Correlations were made between the
complexes potency towards the bacteria and their
anti-cancer effectiveness.

Experimental

E coli (ATCC 25922) was grown and harvested as
previously described [10, 11]. The bacterial cells
were suspended in fresh nutrient medium at a density
of 3 X 10® colony-forming units/ml. Bacterial purity
and the absence of contamination were established
routinely using a grain stain and also by observing
colony characteristics on blood agar plates.

Inhibition of bacterial growth was investigated
using bacterial suspensions incubated at 37 C. The
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TABLE I. Complex Abbreviations.

1 cis-dichlorobis(methylamine)platinum(II)

2 cis-dichlorobis(ethylamine)platinum(II)

3 cis-dichlorobis(n-propylamine)platinum(II)

4 cis-dichlorobis(n-butylamine)platinum(II)

5 cis-dichlorobis(isopropylamine)platinum(II)

6 cis-dichlorobis(isobutylamine)platinum(II)

7 cis-dichlorobis(cy clopropylamine)platinum (II)
8 cis-dichlorobis(cy clopentylamine)platinum(II)
9 cis-dichlorobis(cy clohexylamine)platinum(II)
10 cisdichloro(l,2-diaminobenzene)platinum(II)

inhibition was then followed by monitoring the
absorbance increase at 450 nm as a function of
time.

All platinum containing complexes were synthe-
sized by standard methods [12]. These drugs were
freshly dissolved in either dimethylsulfoxide (DMSO)
or in distilled, deionized water, and they were added
to the bacterial suspensions within two hours of
dissolution.

Bacteria were first incubated for one hour at 37 °C
in the presence of the platinum complexes; DMSO
or water were added to control groups of bacteria.
Then, 1-2 uCi of [*H]-thymidine, [*H]-uridine or
[*H]-leucine were added to both tests and controls
[12—14] and radioisotope incorporation was allowed
to proceed for 2 h at 37 C. Five ml of ice-cold
trichloroacetic acid (TCA, 10% w/v) containing 107
M non-radioactive thymidine, uridine or leucine was
added. Samples were refrigerated for 30 min, and the
precipitated material was collected on glass fiber
filters. The filters were washed and counted using
a Searle Liquid Scintillation counter [11, 13, 14].

Results and Discussion

Previous work [11] demonstrated increased incor-
poration of thymidine, uridine and leucine into E.
coli over a period of 3 h at 37 °C. We have now
measured the inhibition of DNA, RNA and protein
synthesis by the platinum complexes (see Table I)
dissolved in DMSO and these results are tabulated
in Table II. The inhibition was measured as a function
of platinum complex concentration. At the highest
dosage, 250 uM, the complexes inhibited all three
synthetic processes very effectively and there were
little differences in the comparative potencies. How-
ever, as the concentration was lowered to 75 uM
or 25 uM, differential inhibitory effects were observ-
ed. Compounds 1 through 9 had a proportionately
lowered inhibitory potency in all three synthetic
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TABLE 1. Percent Inhibition of DNA, RNA and Protein Synthesis of Platinun Containing Compounds in DMSO.

Concentration (uM)? Cisb Trans Compound (See Table I for code)
D
PD PDD 1 2 3 4 5 6 7 8 9 10
DNA Synthesis
250 85 68 88 77 79 99 78 89 90 77 80 100
75 71 58 37 39 30 37 32 33 36 36 24 92
25 50 40 36 18 20 24 16 19 27 29 19 86
RNA Synthesis
250 50 73 89 86 92 97 73 95 88 89 86 100
75 82 52 37 17 31 60 26 39 62 28 36 88
25 30 21 21 11 20 29 18 19 20 16 22 65
Protein Synthesis
250 63 53 83 82 88 86 76 80 87 86 75 100
75 61 52 20 13 15 52 12 42 38 33 35 74
25 21 13 11 00 7 22 7 11 6 10 3 42

#Actual concentration in contact with bacteria.
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Fig. 1. Growth curves as measured by turbidity of E. coli

bacteria; grown in nutrient broth. Concentration of platinum
complexes dissolved in DMSO is 25 uM.

systems, while rrans-PDD, cis-PDD and compound
10 showed stronger effects. The potency of these
last three complexes was also concentration depen-
dent. It may be noted that complexes 4 and 7 were
slightly more effective than the other 7 complexes
(not including frans-PDD, cis-PDD and 10) in inhibit-
ing RNA synthesis suggesting unique interactions
during this process.

®Each experiment was performed in triplicate.
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Fig. 2. Growth curves as measured by turbidity of E. coli
bacteria; grown in nutrient broth. Concentration of platinum
complexes dissolved in Hy O is 25 uM.

The time dependence of inhibition by these com-
plexes using DMSO and water as the solvent are
illustrated in Figs. 1 and 2, respectively. The choice
of complexes for the water study was dictated by
their solubilities. There was a rapid cell growth indi-
cated from the increase in turbidity during the first
8 hours. A leveling off took place during the next
8-—10 hours after maximum growth was reached.
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Fig. 3. Inhibition of E. coli growth at various concentrations
of ¢is-PDD in DMSO.

The inhibitions due to the platinum agents were
marked by decreases in this growth. It was observed
that the cis-PDD and complex 10 had a strong inhi-
bitory effect, several of the other complexes includ-
ing complex 1 had moderate inhibitory effects in
DMSO while c¢is-PDD and complex 10 had a strong
effect in water. The concentration dependence of

* cis-PDD on the growth of the E. coli in DMSO is
recorded in Fig. 3, and it was observed that at 2550
uM cis-PDD, there was a significant decrease in the
bacterial growth.

Comparison of bacterial inhibition of synthetic
reactions with mammalian anti-tumor activity,
expressed as IDgy or LDs, leads to mixed results.
Compounds 4, 5, and 7—9 were found to be potent
antitumor agents [15, 16], but yielded weak inhibi-
tions as seen in the present studies. The greatest
discrepancy was observed in compound 5 which was
a strong inhibitor of mammalian tumor cells.
However, compound 10 and cis-PDD exerted signifi-
cant inhibition of bacterial cells as well as the tumor
cells. Cis-PDD is being marketed as an anti-tumor
drug and compound 10 has interesting properties in
that it contains a bidentate ligand. Platinum com-
plexes containing these types of ligands merit more
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comprehensive investigation. The use of DMSO as
a solvent for study of the water insoluble complexes
also deserves strong consideration since the rates of
drug inhibition were similar in both systems.

In conclusion it appears that suppression of
bacterial growth is not a reliable predictor of mamma-
lian antitumor effectiveness. Our results also suggest
that the antitumor activity of the platinum agents
depends upon more subtle factors than just simple
inhibition of cellular synthesis of DNA, RNA and
protein.
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