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Summary. A mixed platinum (II) complex with rert-butyl-
amine and doxorubicin (cooordinated via the amino-
group) has been synthesized and tested for antitumor ac-
tivity. The results indicate that the complex was active
against doxorubibin-resistant P388 and cisplatin-resistant
L1210 leukemias, while maintaining antitumor activity
against sensitive parent lines.

Introduction

As a result of the success of doxorubicin (DX) and cisplat-
in in the clinical cancer chemotherapy, there has been an
increase in interest in the development of new derivatives
in both classes with more favorable properties, such as
greater efficacy, reduced toxicity, broader spectrum of ac-
tivity, and lack of cross-resistence to parent compounds.
The latter property might result in therapeutic advantage
in the treatment of human tumors that have became resis-
tant to the antitumor effects of the parent drug or fre-
quently develop drug resistance. Recently, the design of
antitumor agents carrying multifunctional groups has been
proposed as a possible approach to improve the effective-
ness of known agents [9, 12].

Since cisplatin is characterized by lack of cross-resis-
tance to anthracyclines, the aim of the study described in
this paper was to examine the antitumor properties of a
complex of platinum (II) with DX in sensitive and resis-
tant tumor models. We also describe the synthesis of the
complex, which was prepared in our laboratories.

Materials and Methods

Drugs: DX was obtained from Farmitalia-Carlo Erba (Mi-
lan, Italy); cisplatin was obtained according to Kauffman
and Cowan [8]. Potassium fert-butylaminetrichloro plati-
nate (K[PtCl,(tba)]) was prepared as reported [1]; yields
were in the range 50%—60%. The mixed platinum (II)-DX
and tert-butylamine (tba) complex was obtained by mixing
water solutions of equimolar amounts of DX. HCI and
K[PtCl;(tba)]. The mixture was kept at room temperature
under a nitrogen atmosphere and in the dark for 10 h and
evaporated to dryness under reduced pressure. The residue
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was treated with chloroform/methanol (8/2, v/v) and KCl
was filtered off. The compound was precipitated by the
addition of a large amount of diethyl ether to the solution.
Satisfactory elemental analyses (C, H, N, Pt) were ob-
tained.

Tumor models and antitumor testing. DBA/2 and BDFI
mice (weighing between 18 and 22 g) were obtained from
Charles River Laboratories (Calco, Italy).

L1210 and P388 leukemias were maintained in ascitic
form by serial i.p. passage of 10° and 10° cells/mouse, re-
spectively, in DBA/2 mice. The experiments with L1210
and P388 leukemias were carried out in BDF1 female mice
inoculated with the same number of cells. The P388 leu-
kemia subline resistant to DX (P388/DX) was developed
and established by Dr. F. M. Schabel (Southern Research
Institute, Birmingham, Ala.) and was maintained in BDF1
mice by weekly i.p. inoculation of 107 cells per mouse. The
mice used for maintenance of P388/DX were treated i.p.
with 6 mg/kg of DX 2 days after transplantation. Experi-
ments with P388/DX were carried out in BDF1 mice inoc-
ulated with 105 cells per mouse. The L1210 leukemia sub-
line resistant to cisplatin (L1210/CDDP) was obtained
from Frederick Cancer Research, (NCI, Md.) and was
maintained by weekly i.p. passages (10° cells/mouse) in
DBA/2 mice routinely receiving i.p. 4 mg/kg of cisplatin
on day 4 after tumor inoculation. Experiments with
L1210/CDDP were carried out in BDF1 mice inoculated
with the same number of cells.

In all tumor models, the drugs were administered i.p.
as a single dose (in a volume of 0.1 m1/10 g) on day 1 after
tumor cell transplantation. Animals were observed daily
and experiments were terminated on day 60. Mice alive on
day 60 were described as “long-term survivors” (LTS).
Comparative antitumor effects were determined from %
T/C, defined as the median survival time (MST) of dying
mice only in the treated group (T), divided by the MST of
the untreated control group.

Results and Discussion

Complexes derived by the interaction between DX and
cisplatin [14] or chloroplatinate (II) [11] have already been
reported. The compound described in this paper, however,
is designed in such a way that a pharmacologically active
moiety cis-PtCl, is linked to an inert amine (A) and a mole-
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Table 1. Comparison of the effects of doxorubicin and platinum-doxorubicin complex on P388 and L1210 leukemias

Tumors Drug? Dose T/C (%) LTSP Toxic deaths
(pmol/kg)
P388¢ CDDP 23 246 0/10 1/10
K [PtCly(tba)] 40 211 0/10 0/10
DX 17.3 305 (266, 344) 7/19 0/19
26 300 7/10 0/10
Pt-DX 17.3 363 (360, 366) 8/19 0/19
26 338 5/10 0/10
L1210d CDDP 23 175 1/8 0/8
K [PtCls(tba) ] 433 137 0/8 0/8
DX 17.3 187 0/9 0/9
24 200 1/9 179
Pt-DX 17.3 187 0/9 0/9
24 187 0/9 0/9
33.8 225 0/9 1/9

¢« CDDP, cisplatin; K[PtCl;(tba) ], potassium tert-butylaminetri-chloroplatinate (II) (i. e., the synthetic precursor of Pt-DX); DX, doxoru-

bicin; Pt-DX, platinum-doxorubicin complex
b LTS, long-term survivors

¢ Median survival time of control mice was 9 days in two experiments

4 Median survival time of control mice was 8 days

cule of DX via its amino group. The synthetic strategy is as
follows:

K[PtCly(tba)] + DX -HCl - cis-[PtCl,(tba) (DX)]+ KCl
+HCL

Since CI has a stronger frans labilizing influence than
an amine [3] the cis configuration of the product is en-
sured, as confirmed by the appearance of two infrared
bands (320 and 330 cm !, polyethylene disk) attributable
to the Pt-Cl stretching modes [13]. The remaining bands in
the infrared spectrum are identical to those of DX-HCI; in
particular, the bands of the hydroxyanthraguinone moiety
are unaffected, showing that these groups do not partici-
pate in the Pt binding. This is also confirmed by the fact
that both electronic and circular dichroism spectra of the
complexes are superimposable on that of DX.HCI. Bind-
ing of a metal to the hydroxyquinone function should, in
fact, change all these spectra [5]. The remaining possibility

Table 2. Comparison of the effects of doxorubicin and platinum-
doxorubicin complex on P388/DX and L1210/CDDP

Tumor Drug? Dose T/C (%) Toxic
(umol/kg) deaths
P388/DXb CDDP 16.7-23 183 (175-191) 4/18
DX 17.3 100 0/9
26 100 0/9
Pt-DX 17.3 230 0/9
26 170 2/9
L1210/CDDP: CDDP 23 100 0/10
33 100 1/10
DX 17.3 1454 0/10
26 1594 1/10
Pt-DX 17.3 136 0/9
24 145 0/10

2 CDDP, cisplatin; DX, doxorubicin; Pt-DX, platinum-doxo-
rubicin complex

® Median survival time of control mice was 10 days

¢ Median survival time of control mice was 11 days

4 Two long-term survivors were observed

is that Pt is bound to DX via the deprotonated 3’-amino
group of danosamine. Hydrochloric acid is in fact liberat-
ed during the reaction. Moreover, the chemical shift in the
%Pt n.m.r. spectrum (—1920 ppm relative to H,PtCl,,
D,0 solution) is in the range expected for Pt (II) bound to
two nitrogen and two chlorine atoms [6]. By the same
procedure, a compound with other amines can be
obtained, but yields were so poor that in vivo tests were
omitted.

The DX-Pt complex was evaluated against two i.p. mu-
rine leukemias (P388 and L1210), sensitive to either DX
and cisplatin, and two sublines, one with acquired resis-
tance to DX (P388/DX) and the other to cisplatin
(L1210/CDDP). The activity was compared with those of
free DX, at equimolar doses. Cisplatin was also included
for comparison in each experiment at its optimal dose, as a
reference compound.

When examined against sensitive leukemias (Table 1),
the activity of Pt-DX complex was comparable to that of
free DX, since the drugs produced similar increase in the
survival time of the animals and a similar number of LTS.
In both experimental models, the increase in survival time
obtained with optimal doses of cisplatin was somewhat
lower than that observed with anthracycline.

Since in DX-related anthracyclines the presence of a
free aminogroup is recognized as an important structural
requirement for optimal activity [2, 15], the complete re-
tention of drug activity in a complex in which Pt is linked
to the amino function suggests that the mechanism of ac-
tion of this derivative is more complex than that of free an-
thracyclines, as also proposed for a new group of N-modi-
fied derivatives [7].

In the treatement of resistant sublines (Table 2), the Pt-
DX complex showed absence of cross-resistance. As ex-
pected, no cross-resistance was observed between DX and
cisplatin. Against P388/DX and L1210/CDDP, the activi-
ty of the complex was similar to that of cisplatin and DX,
respectively.

The results presented in this paper show that we have
been successful in preparing an analogue active in resis-
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tant tumor syytems, based on the rationale that anthra-
cyclines and platinum compounds are not cross-resistant.
This derivative might be of clinical relevance because of
the interest in combining DX and cisplatin in the treat-
ment of human solid tumors [4, 10]. However, we have not
yet carried out a detailed comparative study on the combi-
nation of these drugs and therefore cannot comment on
the possible therapeutic advantage combination might
have. However, these preliminary results indicated that the
binding of platinum to DX did not result in an increase of
drug toxicity, since the anthracycline doses tolerated were
similar in the free or Pt-bound form.

Further studies are needed to document the preclinical
efficacy and pharmacological value of the Pt-DX complex
in different experimental tumor systems using different
routes of administration.
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