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The novel use of Rh(l) complexes with naphthyridine
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Rh(l) complexes adsorbed on polymers, as a way to
improve their transport and solubility properties, were
studied as antitumor agents. The binding constants of the
complexes to the polymer were evaluated in order to
determine the conditions for maximum association to
the vehicle. The toxicity of the pure complexes and those
bound were determined in vivo using female mice.
[Rh(NBD)(2,4N)]CI0,, complex A; where NBD =norbor-
nadiene, (2,4N)=3,3'-dimethylene-2,2'-di-1,8-naphthyri-
dine, was investigated on primary solid tumors and
ascitic tumors. [Rh(NBD)(3,4N)]CIO,, complex B; where
(3,4N) = 3,3'-trimethylene-2,2'-di-1,8-naphthyridine, was
investigated on ascitic tumors. These Rh(l) complexes
appear to be promising drugs because of their solubility
in aqueous polymer, which make them easier to handie in
comparison with the neutral species. These complexes
show a similarity to cisplatin by reducing tumor growth
and by increasing the survival life span of mice. Poly
(oxyethylene) was used to solubilize these poorly water-
soluble compounds and to stabilize the compounds in
the solution before injection. These studies suggest that
both complexes, A and B, are good candidates for tumor
control growth and increase the survival time.

Key words: Ascitic tumors, anti-metastatic, anti-tumor,
poly(oxyethylene), rhodium complexes.

Introduction

The binding of electrolyte to poly (oxyethylene)
(POE) is a well known phenomenon'™ that has
been studied principally in non-aqueous solu-
tion.*'® Although this association is driven by pri-
mary cation-POE interactions,® '? the anion is also
concentrated in the vicinity of the POE.'® In aque-
ous solution the interaction of POE with electro-
lytes ranges from only a salting-out effect’ to an
association larger than that found in crown ethers."?
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A prolongation of the activity of some drugs is
obtained when they are bound to synthetic poly-
mers?® which are able to increase the solubility of
the complexes in the plasma. The binding of the
complexes to transferrin has been investigated.?’
POE has been used as a transport polymer bound
to penicillin, aspirin, amphetamines, etc.?>?> When
these drugs have modifiable terminal groups, like
insulin or anti-cancer drugs, they can form a struc-
ture with excellent solubility in water. The binding
of alkali-metal cations to POE has been reported
and a series of different anions, ranging from hydro-
philic (e.g. fluoride, chloride, bromide, etc.) to
those with hydrophobic alkyl chains (e.g. pentano-
ate, xanthate, etc.) have shown the ability of POE to
absorb ions and decrease their bulk concentration
in solution, stressing the importance of hydrophobic
interactions in the binding.?* Furthermore, POE is
not metabolized and acts as an intestinal transport
medium, easily eliminated by urine 52

During the last years cumulative evidence indi-
cate the existence of complexes of Pt, Ru, Rh or Re,
with ligands containing non-coordinated nucleo-
philic groups that show increased anti-tumor activ-
ity because of its interaction with DNA in vitro or in
vivo. 2’31

The main aim of research in this area in the last
decade has been centered on inorganic drugs like
cisplatin and its derivatives,>*> which can play a
role in effective anti-tumor activity.>**> The more
promising complexes are those containing Ru and
Rh,3® which, having potential anti-cancer proper-
ties, present covalent bonding with DNA bases and
help to decrease the proliferative activity of cancer
tissue.>’~*° It has been demonstrated that the affinity
with DNA depends on the structure and the stereo-
chemistry of the complex.*! Heterocyclic com-
pounds of Ru(ll), which have been recently
described,*? can be characterized according to the
following features: (i) having ligands as imidazole,
indazole or their methyl substituted derivatives,
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(ii) being water soluble, (iii) having or including
ionic structures with one or more negative charges,
(iv) being symmetrical, (v) having twisted mole-
cules and not being planar, (vi) having a large
ligand, which produces better antitumoral activity.*?

In this work we studied the effect of the com-
plexes [Rh(NBD)(2,4N)ICIO4, complex A, and
[Rh(NBD)(3,4N)IC1O4, complex B, on ascitic tumor
TA-3 growth, and on the survival time of CF-1 and AJ
mice. Some aspects related to the role of POE in the
vehicle used for injection, as well as the influence of
the expansion of host extracellular volume on the
anti-tumor effects of the compounds, have also
been studied.

Materials and methods

POE (PM: 2 x 10%) was supplied by Merck.
[Rh(NBD)(3,4N)IClO4, complex B, was prepared,
purified and characterized according to proce-
dures described in detail elsewhere.** [Rh(NBD)
(2,4N)ICIO4, complex A, was prepared in a similar
way.

Complex B shows a characteristic band at
Amax =498 nm and complex A at Ap,, =487 nm in
aqueous solution. These bands were used to eval-
uate the concentration of free complexes in the
determination of the binding constants.

The complexes adsorbed on POE, 1.5 x 107° M
in complex and 3.0 x 10™* M in POE, were injected
i.p. 3 days after tumor cell implantation. The doses
used in AJ mice were 1 and 0.1 ml of this solution
per 20-23 g body weight. The doses used in CF-1
mice were 1 and 0.1 ml of this solution per 30-
33 g body weight. For each dose one group of mice
(seven to 10 individuals) was injected every day for
five consecutive days and another group (seven to
10 individuals) was injected on days 3, 7, 10, 14 and
17 after tumor implantation. MCa mammary carci-
noma and TA-3 ascitic tumors were originally
obtained from Dr A Guerrero (Experimental Labora-
tory, Medical School, University of Chile).

TA-3 tumor cells were locally maintained in
female mice 6-8 weeks old, weighing 30+ 3 g, by
serial weekly passage in CF-1, and 20+3 g, by
serial weekly passage in AJ mice. TA-3 cells were
inoculated i.p., observing an increase in the size of
the abdomen of the mice.

Total increase in tumor size was measured by
total mice weight increase. After the experiment,
the mice were weighed, sacrificed by cervical dis-
location and the following organs were separated:
brain, liver, muscle, intestine, stomach, kidney,
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ovary and lung. These organs were placed in 9%
formalin for histological analysis and for detection
of Rh by atomic absorption spectroscopy (Perkin-
Elmer 2380).

For the urine test, the mice were placed indivi-
dually in metabolic cages for 3 days. About 10 ml of
urine was collected, diluted to 30 ml and separated
in three portions to carry on the following analysis.
An Urotron RL-9 Analyzer with a Combur-9 tapes
(Boehniger-Mannhein) was used to determinate
qualitatively: leukocytes, nitrites, pH, total proteins,
glucose, ketonic bodies, urobilinogen, bilirubin and
hemoglobin. An Hitachi Analyzer was used to deter-
mine quantitatively: glucose, BUN, creatinine, uric
acid and albumin. The spectra of urine solutions
were obtained using a Shimadtzu 160 UV-visible
Spectrophotometer.

The statistical evaluation was done according to
the Mantel-Haezel test.

Results

The binding constants for the interaction of the
complexes with POE
[Complex—POE]
Kb ==
[Complex]free X [POE]free

were determined for complexes A and B. Figure 1
shows their values as a function of initial complex
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Figure 1. Effect of the concentration of the complexes and
POE on the binding constants of complex to POE. @,
Complex A POE concentration 2,5 x 10~ M; ¥/, complex
A POE concentration 5 x 10°*M; ¥, complex B POE
concentration 2.5 x 10~* M; 1, complex B POE concen-
tration 5 x 1074 M.



and POE concentrations. The binding constants are
high at large complex concentration and low POE
concentration.

The effect of pure complexes, pure POE and the
complexes bound to POE on CF-1 and AJ mice leth-
ality are reported in Table 1.

The dose of complex used in the experiments was
that which gave the best association with the vehi-
cle, allowing for 100% survival in normal mice (mice
without tumors) and which produced the same host
toxicity. When the quantities of complex adminis-
tered to the mice were too large, they died earlier
and the size of the tumors was not reduced as much
as when they were treated with a smaller amount.
Antitumor effectiveness of complex A was studied
on primary tumor growth and the survival time of
mice bearing solid MCa tumor is shown in Figure
2(A). Antitumor effectiveness (TA-3 ascitic tumor) of
complex A administered as a suspension in aqueous
solution of POE is shown in Figure 2(B and C). The
same activity of complex B is shown in Figure 2(D
and E). The effects on primary tumor growth in AJ
and CF-1 mice of complex A and B with POE is
shown in Figure 3. This was more pronounced with
treatment at 3 or 4 days intervals than daily. In both
cases it was better with 0.1 ml than with 1 ml. The
same effects were observed for survival time and
body weight. Fractional or daily i.p. administration
did not present any significant effect, neither in the
increase of urinary volume nor in the observed agi-
lity of the mice. The effect of the administration of

Rb(I) complexes

complex—POE solutions to mice bearing tumors was
observed in a slight reduction (in CF-1 mice) and
increase (in AJ mice) of the level of glucose, BUN
and uric acid. Spectrophotometric analysis of the
urine of the mice under study does not show any
change after administration of the complexes.

Rh atomic absorption spectroscopy of the homo-
genized whole body and individual organs of the
mice showed accumulation of the complex in all the
organs studied.

Discussion

Addition of POE (0.1-0.5 mM) to solutions of com-
plexes (1-5 mM) decreases the free complex con-
centration, as measured directly from the charge
transfer band in aqueous solution. These results
indicate an interaction between the macromolecule
and the complexes. K, values for A are greater than
for B, but in every case it increases as the complex
concentration increases and decreases with increas-
ing concentrations of POE. These results indicate
that the small difference in conformation of the
naphthyridine ligand (because of an extra methy-
lene), can play a role in the ability of the complexes
to associate to POE. Furthermore, changes in POE
concentration affect the viscosity of the solution
producing changes in the conformation of the mac-
romolecule® and in its association to the complexes.

Table 1. Lethality (L) of the complexes with ligands 3,4N and 2,4N, POE and the complexes bound to POE on CF-1 and AJ

mice at different doses (D)?

Molar concentrations CF-1 MICE® AJ MICE®
34N 2,4N 34N 24N
D L D L D L D L
(th) (%) (th) (%) (th) (%) (th) (%)
Complex 3.38 x 1073 4 50 5 50 3 50 3 50
5 100 6 100 4 100 5 100
Complex 2.00 x 1073 8 25 8 0 8 30 8 0
9 50 9 0 9 60 9 0
1 100 1 0 10 100 10 0
Complex 1.50 x 1072 9 0 9 0 9 0 9 0
11 50 1 0 10 50 10 0
12 100 12 0 12 100 12 0
POE 3.0 x 10~* 9 0 9 0 9 0 9 0
Complex-POE 2.5-0.3 x 1073 6 50 6 0 6 50 6 0
7 100 9 0 7 100 9 0
Complex—POE 1.5-0.3 x 1073 9 0 9 0 9 0 9 0

2 1 ml of solution i.p. daily.
® Weight 31-33 g.
¢ Weight 21-25 g.
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Figure 2. Percentage of survival time versus days of life. Empty columns; control mice. (A) Complex A. Nude female mice.
Tumor MCa mammary carcinoma. (B) Complex A. AJ mice. TA-3 ascitic tumor. (C) Complex A. CF-1 mice. TA-3 ascitic
tumor. (D) Complex B. AJ mice. TA-3 ascitic tumor. (E) Complex B. CF-1 mice. TA-3 ascitic tumor.

Association of the complexes with solutions of
POE in water makes their transport through the
body of the mice easier because of the considerable
increase in their solubility. Free POE does not show
any decrease in the survival time and neither does it
affect the biochemical panel of the mice as shown in
the urine analysis. These results suggest that the
unique function of POE is to increase the solubility
of the complexes, therefore behaving as a vehicle
for them.

Mice bearing tumors injected with too large a
concentration of complex show a decrease in their
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survival time. On the other hand, a low concentra-
tion does not produce any observed change in it.

Examination of the antineoplastic properties of
the new Rh(I) complexes, characterized by the pre-
sence of POE and polypyridinic ligand, show an
important reduction in tumor growth, both in AJ
and CF-1 mice. Complex A is slightly better. On the
other hand, both complexes increase dramatically
the life span (from 10-20 to more than 45 days). The
spectra of urine do not show the metal ligand bands,
suggesting that the total complex is accumulated in
the body and it is not excreted by urine. Rh atomic
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Figure 3. Weight versus days. AJ mice: O, control; @,
treated with complex A; ], treated with complex B. CF-1
mice; inverted triangle, control; W, treated with complex A;
M. treated with complex B.

absorption spectroscopy shows distribution of the
Rh in all the organs and tissue studied. These results
imply that it can be possible, by the use of these
complexes, to decrease the size of tumors or metas-
tasis in any organ.

Conclusions

The association of POE to recently synthesized
Rh(I) complexes of olefine and nitrogen donor
ligands, [Rh(NBD)(3,4N)ICIO4 and [Rh(NBD)
(2,4N)ICIO4, has some advantages, such as water
solubilization, preserving practically the same
activity in the other parameters on the tumor growth
studied, including the prolongation of the host
survival time with ascitic tumor. This opens the
possibility of investigating new approaches for
the treatment of liquid tumors and metastases.
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