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Novel Ru(l1l), Rh(I1l), Pd(I1) and Pt(I1) Complexes
with Ligands Incorporating Azole and Pyrimidine Rings.
|. Antiproliferative Activity in Vitro
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Abstract. A number of co-ordination compounds of Ru(l11), Rh(l11), Pd(I1) and Pt(I1) with ligands incorporating
azole and pyrimidine rings has been synthesized. The in vitro cell proliferation-inhibitory activity of these
compounds was examined against human cancer cell lines: A 549 (lung carcinoma), LS-180 (colon cancer) and
MCF-7 (breast cancer), using SRB technique. Six out of 13 compounds studied revealed cytotoxic activity in
vitro. Inhibitory dose 50% (D) was lower than 4 pg/ml, which is an activity criterion accepted in conventional
in vitro cytotoxic screening tests. Two compounds revealed weak cytotoxic activity with 1D, higher than 4 pg/ml
and five compounds were inactive.
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I ntroduction

Heavy metal complex compounds have been ap-
plied in treatment of the patients with various diseases.
For instance, they proved effectiveness in the treatment
of the patients with cancers, anemia, arthritis, chronic
inflammation, bacterial infections and alimentary tract
disorders" > & °, Studies on antitumor activity of plati-
num-group metal complexes have markedly been inten-
sified after demonstration of a selective inhibition of
cell division by cis-[Pt(NH3),Cl,] and cis-[Pt(NH3),Cl4]
by RosENBERG €t al™®.

An antitumor effect of these compounds may be
explained by their interference with DNA synthesis in

the exposed cells, since the structure of the formed
complexes resembles an interchain cross-linked frame-
work” 101219 |n recent studies on antitumor agents,
the complexes of the platinum-group metals with li-
gands incorporating, among others, azole and pyri-
midine rings are of particular interest> 3 & 13 14. 18 20
It was, therefore, interesting to survey the newly
synthesized co-ordination compounds of Ru(lll),
Rh(I11), Pd(I1) and Pt(I) with 2-mercapto-1-methyli-
midazole (TMZ), 3,4,5-trimethylpyrazole (3,45 TMePz),
1,34-trimethylpyrazole (1,3,4-TMePz), 1,3,5-trimethyl-
pyrazole (1,35 TMePz), 1,4,5trimethylpyrazole (1,4,5
-TMeP2), 1,3,4,5tetramethylpyrazole (1,3,4,5-TeMePz),
3,4,5,6-tetrahydro-2-pyrimidinethiol (THPT) and 2-mer-
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captopyrimidine (2-MP) for their antiproliferative ac-
tivity in vitro and an expected antitumor properties in
Vivo.

Materials and Methods

Reagents. TMZ (Aldrich, Belgium) was recrystal-
lized from redistilled water. The melting point (m. p.)
of the purified compound was 114°C.

3,45-TMePz (m. p. 142°C), 1,3,4-TMePz (boiling
point — b. p. 160°C), 1,3,5-TMePz (m. p. 26-27°C),
1,45-TMePz (b. p. 175°C) and 1,3,4,5-TeMePz (m.
p. 23°C) were purchased from the University Medical
School, £ 6dz, Poland. Their purity was checked by the
NMR spectroscopy and by TLC.

THPT and 2-MP (Aldrich, Belgium) was crystal-
lized from ethyl acohol. The m. p. of the purified com-
pounds were 310 and 330°C, respectively.

The complexes were prepared starting from RhCl3
(Koch-Light Laboratories Ltd., England), RuCl;
(Johnson Mattey Chemical Ltd., England), PdCI, (Anal.
R grade, POCh, Gliwice, Poland) and K,PCl, by the
method of LiviNngsTonE™M,

Synthesis of the complexes. Details concerning syn-
thesis of the complexes, their composition, structure and
physico-chemica properties were reported earliert” 22,

Complexes. The following compounds were exam-
ined in in vitro screening assay:

Pd(TMZ) ,CI,H,0,
Pt(TMZ) ,Cl,,

Rh(TMZ) Cl3,

Ru(TMZ) Cls,
Pd(1,4,5-TMePz) ,Cls,

— Pd(1,3,4-TMePz) ,Cls,

— Pd(1,3,5-TMePz) ,Cl,,

— Pd(3,4,5-TMePz) ,Cl,,

— Pd(1,3,4,5-TeMePz) ,Cl,,
— PA(THPT) 4CI,H,0,
Pt(THPT) 4Cl,H,0,
Pd(2-MP) »,

P(2-MP) »,

cisplatin (reference drug).

Test solutions of the compounds (1 mg/ml) were
prepared ex tempore for each test by dissolving them
either in 100 or 200 pl of DMSO + 900 or 800 pl of
water pro injectione or, if soluble, only in water. After
that, the compounds were diluted in culture medium
(described below) to reach final concentrations 100, 10,
1, 0.1 and 0.01 pg/ml.

The anti-proliferative assay in vitro

Cdll lines. Cells of the following human cancer lines
were used: A 549 (non-small cedll lung carcinoma),
LS-180 (colon adenocarcinoma) and MCF-7 (breast
cancer). All lines were obtained from American Type
Culture Collection (Rockville, Maryland, USA) and
cultured in Cell Culture Collection of Department of
Tumor Immunology, Institute of Immunology and Ex-
perimental Therapy, Wroctaw, Poland.

Twenty four hours before application of the tested
compounds, the cells were plated in 96-well plates (Co-
star, USA) at density of 10* cells per well in 100 pl.
The cells were cultured in opti-MEM medium sup-
plemented with 2 mM glutamine (Gibco, Warszawa),
(50 pg/ml) streptomycin (Polfa, Jelenia Géra), (50
U/ml) penicillin (Polfa, Jelenia Gora) and 5% fetal calf
serum (Gibco, Grand Island, USA). The cells were cul-
tured with the agents for 72 h in 37°C in humid atmos-
phere saturated with 5% CO,.

SRB assay. The cytotoxic effect in vitro of all com-
pounds was examined using SRB method as described
by SceHaN et al’®.

The results were calculated as an inhibitory dose
50% (1D50) — the dose of drug which inhibits prolife-
ration rate of the tumor cells by 50% as compared to
control untreated cells. Each compound in every con-
centration was tested in triplicates per experiment.
Every experiment was repeated 3 times.

Results and Discussion

The results of experiments, expressed as IDs
values, determined for a given cancer cdll line for each
compound, are summarized in Table 1. The adopted
activity criterion of the new compounds in the in vitro
screening tests was an IDsy level not exceeding
4 pg/mi*,

This criterion was fulfilled by the following com-
pounds: 5, 6, 7, 9, 12 and 13 (Table 1, Fig. 1), i.e.
Pd(I1) complexes of 1,4,5TMePz, 1,3 4-TMePz, 1,3,5-
-TMePz, 1,3,4,5-TeMePz and 2-MP, as well as Pt(I1)-
-2-MP. As shown in Table 1, the highest cytotoxic ef-
fect in vitro was exhibited by Pt(l1)-TMZ and Pd(l1)-
-3,4,5-TMePz. On the other hand, Pd(I1), Ru(lll) and
Rh(I11) complexes with TMZ and the Pd(I1) and Pt(l1)
ones with THPT did not reveal any cytotoxic activity.
It seemsthat high cytotoxic effect of P{(TMZ) ,Cl, may
be explained by its non-electrolyte nature, the cis con-
figuration and the planar structure of coordination
sphere of the central ion?.
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Table 1. The cytotoxic activity in vitro (IDsg in pg/ml) of the tested
compounds against human tumor cell lines

Cell line (IDsg pg/ml)

No. Compound

A549 MCF7 LS180
1 Pd(TMZ) 4ClH20 - - -
2 P(TMZ) oCl> 26 24.5 28
3 Rh(TMZ) Cl3 - - -
4 Ru(TMZ) Cl3 - - -
5 Pd(1,4,5-TMePz) oCl2 0.8 0.218 0.334
6 Pd(1,3,4-TMePz) oCl2 6.0 0.554 1.32
7 Pd(1,3,5-TMePz) oCl2 3.36 2.10 281
8 Pd(3,4,5-TMePz) oCl2 75 72 35
9 Pd(1,3,4,5-TeMePz) Cl> 1.05 191 151
10 Pd(THPT)4Cl2H 20 - - -
11 Pt(THPT)4Cl2H20 - - -
12 Pd(2-MP)2 2.88 4.40 3.40
13 Pt(2-MP) 3.0 1.49 2.14
14 Cisplatinum 3.38 4.86 4.0
Inactive: —

On the other hand, the high activity of Pd(3,4,5-
-TMeP;),Cl, may be explained by its possible interac-
tion with areceptor site via hydrogen bonding, asisthe
case of compounds carrying the — NH, group™®.

The lack of cytotoxic effect of Pt(l) -TMZ, Pd(I1)-
-TMZ and Pt-THPT complexes is likely due to their
inert electrolytic nature, whereas Ru(lll) and Rh(ll1)
complexes form inert dimeric and/or polymeric struc-
tures contributing to suppression of their cytotoxic ac-
tivity invitro. An important feature of these compounds
isthe sulfur atom of the thiocarbonyl group functioning
as an electron-donating center*,

Again, Pd(I1) methylpyrazole complexes meeting
activity criterion (IDsp < 4 pg/ml) are non-electrolytes
with trans configuration, labile Cl~ ions, and azometh-
ine nitrogen atoms of the heterocyclic ring as a elec-
tron-donating centers. On the other hand, Pd(ll) and
Pt(l1l) 2-MP chelates are non-electrolytes, the chelate
rings being formed by involving electron pairs located
both on the nitrogen and sulfur atoms'®.

Generaly, it seemsthat during investigations on the
correlation between the structure and cytotoxic activity
in vitro, restriction to only certain fragment of com-
pound is insufficient. Biological activity should be re-
lated to physico-chemical properties of a whole mole-
cule'.

Some of our complexes tested could be selected for
further advanced studies in vitro using larger panel of
human cancer cell lines of different tissue origin, and
in vivo using experimental mouse tumor model.

References

1. BuLT A. (1983): Methods involving metal ions and complexes
in clinical chemistry. In SIEGEL H. (ed.): Metal complexes of
sulfanilamides in pharmaceutical analysis and therapy. Marcel
Dekker, Inc., New York—Basel, 261-276.

2. CierLIK J. (1992): Synthesis of news pyrimidine derivatives
with cytostatic activity. Wiad. Chem., 46, 377-401.

3. CoLETTA F., ETTORE R. and GAmMBARO A. (1975): Palla-
dium(l1) and platinum(ll) complexes of 3,5-dimethylpyrazole.
J. Inorg. Nucl. Chem., 37, 314-316.

4. GErRAN R. |., GREENBERG N. H., MACDONALD M. M., ScHU-
MACHER A. M. and ABBOTT B. J. (1972): Protocols for screening
of chemical agents and natural products againgt anima tumors and
other biologica systems. Cancer Chemother. Rep., 3, 59-61.

5. JoNES M. M. (1976): Therapeutic chelating agents. J. Chem.
Educ., 53, 342-347.

6. JONES M. M. (1985): An dternative model for the selection of
therapeutic chelating agents. Inorg. Chim. Acta, 107, 235-241.

7. KAaiM W. and ScHWEDERSKI B. (1994): Chemotherapy with
compounds of some nonessential elements. In MEYER G. and
NAKAMURA A. (eds.): Inorganic elements in the chemistry of
life. John Wiley and Sons, Chichester—New Y ork—Brisbane—
Toronto-Singapure, 363-378.

8. KepPLER B. K., WEHE D., ENDRES H. and Rupp W. (1987):
Synthesis, antitumour activity, and X-ray structure of bis (imi-
dazolium) (Imidazole) pentachlororuthenate(lll), (ImH)2
(RulmCls). Inorg. Chim., 26, 844-846.

9. Koztowskl H. (1988): Leki nieorganiczne w chorobach
i niedoborach. Zeszyty Naukowe WSP, Opole, 9, 19-43.

10. Kubuk-JAWORSKA J. (1992): Przeciwnowotworowo aktywne
kompleksy platyny. Wydawnictwo Uniwersytetu Wroctawskie-
go, Wroctaw, 29-34.

11. LIVINGSTONE S. E. (1973): Palladium; platinum. In TROTMAN-
-DicensoN A. F. (ed.): The chemistry of ruthenium, rhodium,
palladium, osmium, iridium and platinum. Pergamon Press, Ox-
ford-New Y ork—Toronto—-Sydney—Paris, 188-189; 274-275.

12. Maskos K. (1988): Oddziatywanie jonéw metai z kwasami
nukleinowymi. Krystalograficzne badania kompleksow metali
z nukleotydami. Wiad. Chem., 35, 735-767.

13. MATTERN |. E., COoCCHIARELLA L., VAN KRALINGEN C. G. and
LoHMAN P. H. (1982): Prophage induction and mutagenicity of
a series of anti-tumour platinum(ll) and platinum(lV) co-ordi-
nation complexes. Mutat. Res., 95, 79-93.

14. MUIR M. M., GomEz G., MUIR J. A., CADIZ M. E., Cox O. and
BARNES C. L. (1988): Structure of cis-Pt(ash)2Cl, a plati-
num(I1) complex with a styrylbenzothiazole ligand. Acta Crys-
tallogr. C, 44, 803-806.

15. ROSENBERG B., VAN CAMP L., TRoskO J. E. and MANSOUR
V. H. (1969): Patinum compounds. a new class of potent
antitumour agents. Nature, 222, 385-386.

16. SKEHAN P., STORENG R., ScUDIERO D., MONKS A., MCMAHON
J., Vistica D., WARREN J. T., BokescH H., KENNEY S. and
BovoL M. R. (1990): New colorimetric cytotoxicity assay for
anticancer-drug screening. J. Natl. Cancer. Ingt., 82, 1107-1112.

17. SURGA W. J,, WiSNIEwsKI M. Z. and RerkA A. (1995): Coor-
dination compounds of ruthenium(lil), rhodium(lll), palla-
dium(Ill) and platinum(ll) with 2-mercaptopyrimidine. Pol.
J. Chem., 69, 540-545.

18. TAQUIKHAN B., ANNAPOORNA K., SHAMSUDDIN S. and



M. Z. Wisniewski et al.: Activity of Platinum — Group Metal Complexes

19.

20.

21

22.

NAIMUDDIN K. (1992): Mixed ligand complexes of cis-dichlo-
romethionineplatinum(ll) and  cis-dichloromethioninepalla-
dium(I1) with substitutes pyrimidines. Polyhedron, 11, 2109-2114.
VAN DER VEER J. L. and ReeDix J (1988): Investigation
antitumour drug mechanism. Chem. Brit., 24, 775-789.

VAN KRALINGEN C. G. and ReeDIXK J. (1978): Coordination
compounds of Pt(I1) with N-methylimidazole as ligand. Inorg.
Chim. Acta, 30, 171-177.

WiLLiams D. R. (1972): Metds, ligands and cancer. Chem.
Rev., 72, 202-213.

WisNIEwskI M. Z. and GeowlAk T. (1998): The structure and
properties of apalladium(l1) complex of 2-mercapto-1-methyli-
midazole. Pol. J. Chem., 72, 514-518.

23.

24.

25.

55

WiSNIEWSKI M. Z., GLowlAK T. and SurRGa W. J. (1998): Co-
ordination compounds of Pd(I1) and Pt(l1) with 3,4,5,6-tetrahy-
dro-2-pyrimidinethiol. Pol. J. Chem., 72, 2226-2231.
WISNIEWSKI M. Z., SURGA W. J. and LENARCIK B. (1990): Co-
ordination compounds of 2-mercapto-1-methylimidazole with
platinum(ll), palladium(ll), rhodium(l11) and ruthenium(lll).
Trans. Met. Chem., 15, 63-65.

WISNIEWSKI M. Z., SURGA W. J. and OPozDA E. M. (1994):
Palladium methylpyrazole complexes. Trans. Met. Chem., 19,
353-354.

Received in April 1999
Accepted in October 1999



