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The new antitumor drug cycloplatam [amine (cyclopentylamine)-S-(-)-malatoplatinum(II}]
caused dose-dependent formation of interstrand DNA ligations in vitro depending on the
duration of incubation. Like cisplatin, cycloplatam caused a deep and long inhibition of
DNA production in tumor cells. The effect of cycloplatam in bone marrow and small
intestine epithelium cells was weaker and shorter than that of cisplatin.
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Cisdichlorodiaminoplatinum derivatives (cisplatin,
CP) have been widely used in chemotherapy of testi-
cular and ovarian tumors, small-cell pulmonary carci-
noma, tumors of the head and neck. [12]. Some mali-
gnant tumors are initially resistant to CP. Tumors
sensitive to this drug acquire resistance to it during
therapy [14]. Nephro- and neurotoxicity and detri-
mental effects on hemopoietic and gastrointestinal
systems limit clinical application of CP and other
first-generation derivatives [10]. This prompts the
search for new drugs with better therapeutic pro-
perties.

New Russian-manufactured drug amine (cyclo-
pentylamine)-S-(-)-malatoplatinum or cycloplatam
(CCP) [3] is a second-generation complex platinum
compound. Experiments demonstrated a high anti-
tumor activity of CCP [13]. Recent studies showed
complete absence of cross resistance between CP and
CCP, which necessitates further investigation of this
drug [8]. The second phase of clinical trials of CCP
is just over. CP capacity to form intra- and inter-
strand DNA ligations is believed to be responsible
for the cytotoxicity of this compound [9]. Among the
possible mechanisms of antitumor effect of CCP, a
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damaging effect on DNA structure and production
appears to be thc most probable. _

Our purpose was to compare the effects of CCP
and CP on DNA structure in vitro and on DNA
production in tumors and organs of animals with
tumors in vivo.

MATERIALS AND METHODS

Interstrand DNA ligations were studied on calf thymus
DNA (Serva). DNA (0.1 mg/ml in 6.3 mM potas-
sium phosphate buffer with 0.15 mM NaCl, pH 7.2)
was incubated at 50*C in the presence of different
CP or CCP concentrations for 5-240 min. DNA-
DNA ligations were detected by spectrofluorometry
with ethidium bromide (EB) [7]. EB forms com-
plexes only with double-stranded DNA; these com-
plexes fluoresce at stimulation wavelength 305 nm
and emission wavelength 600 nm. Fluorescence of
native DNA complex with EB was taken for 100%,
and fluorescence of denatured DNA before incuba-
tion with drugs was the zero point. Formation of
interstrand DNA-DNA ligations promotes renaturing
and increases fluorescence.

Treated or intact DNA (20 pg in 200 ul potas-
sium-phosphate buffer, pH 7.2) was added to 3 ml
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solution containing 5 pg/ml EB, 0.33 mM EDTA,
26 mM K,HPO,, pH 12. Some specimens were de-
natured at 100°C for 5 min and then rapidly cooled
to 18-20°C. Fluorescence was measured in l-cm
cuvette in an Elumin spectrofluorimeter (Russian
Academy of Medical Sciences).

Experiments in vivo were carried out on mice
(20-23 g) transplanted lympholeukemia P388 or solid
melanoma B16. Leukemic strain P388 was trans-
planted intraperitoneally to BDF, (C57B1/6xDBA/2)
hybrids in a dose of 10¢ cells/mouse. B16 melanoma
was transplanted to CDF, (C57Bl/6xCBA/2) hybrids
by subcutaneous injections of 0.3 ml tumor cell sus-
pension in normal saline (2:1). The drugs were in-
jected intraperitoneally in single doses lower than
maximum allowable: CCP in a dose of 55 mg/kg to
mice with P388 on day 5 of tumor development, CP
in a dose of 8 mg/kg to mice with B16 melanoma
on day 12 of tumor development.

DNA production in tumor cells, bone marrow,
spleen, and small intestinal epithelium cells was
assessed by incorporation of 2-“C-thymidine. Labeled
precursor was injected 1 h before sacrifice in a dose
of 2 uCi/mouse. Protocols of experiments and treat-
ment and scintillation of radioactive precipitation
were described previously [1,4].

RESULTS

CCP causes the formation of interstrand ligations in
calf thymus DNA in vitro, its effect depending on
the concentration and time of incubation. Previous-
ly, the possibility of CCP interaction with DNA in
vitro was demonstrated by the circular dichroism
method [5].

After 1-h incubation of DNA with CCP in con-
centrations of up to 1 mM, the drug induced a lesser
number of ligations than CP (Fig. 1). The kinetics
of DNA-CCP and DNA-CP interactions with the
drugs used in equimolar concentrations differed: CP
induced the formation of maximum number of liga-
tions after 2 h, whereas CCP only after at least 4 h
(Fig. 2, 1, 3). Equitoxic (therapeutic) doses of CP
and CCP are different (about 7-fold): a single dose
of CP is 8 mg/kg vs. 60 mg/kg for CCP. Comparison
of equitoxic concentrations of the drugs shows that
CCP induces a greater number of ligations than CP:
26 and 12% after 1 h and 66 and 47% after 3 h,
respectively (Fig. 2, 1, 2).

The formation of DNA—DNA sutures by CCP
probably impairs DNA matrix activity and produc-
tion in vivo. Figure 3 shows that a single injection
of CCP or CP to mice with tumors causes a deep
and prolonged inhibition of DNA production in the
tumors and spleen. The pattern of DNA production
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Fig. 1. Relationship between formation of interstrand ligations in calf
thymus DNA and cycloplatam (7) and cisplatin (2) concentrations
after 1-h incubation.

in tumor cells under the action of both drugs is vir-
tually the same, which is in good correlation with their
antitumor activity in these experimental models [2].
Both drugs impair DNA production in bone marrow

. and small intestinal epithelium cells, but the effect of

CCP is weaker and shorter than that of CP, which in-
dicates a lower damaging effect of CCP on these cells.

These effects can result from impairment of the
enzymatic system of replication and repair or from
specific disorders in DNA structure. The role of DNA
modifications in realization of cytotoxicity of CP de-
rivatives is unknown. It is noteworthy that CP and its
inactive transisomer form different interstrand ligations.
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Fig. 2. Kinetics of formation of interstrand ligations in calf thymus
DNA after treatment with cycloplatam in concentration of 0.35 mM
(1) and cisplatin in concentrations of 0.05 mM (2) and 0.35 mM (3).
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Fig. 3. Relationship between 2-"*C-thymidine incorporation in DNA and duration of exposure to cycloplatam and cisplatin. a) mice with P388
leukemia treated with cyclopiatam; b) mice with B16 melanoma treated with cisplatin; 7) tumor cells; 2) spleen; 3) bone marrow; 4) small
intestinal epithelium.
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