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ABSTRACT
Apoptosis induced by rhodium II amidate, rhodium II propionate, cisplatin and interactions with

dexamethaxone were studied on some human leukemia cell lines Raji, Jurkat and U937. Apoptosis was
studied by flow cytometry, agarose gel electrophoresis and morphological analysis. Rhodium II propionate
induced apoptosis in all the three cell lines, Rhodium II amidate, in the lymphoid cell lines Jurkat and Raji,
and cisplatin, only in the Jurkat, a T lymphoid cell line. It has also been observed that the addition of
dexamethasone enhances the apoptosis index only in U937, a monocytic line with a glucocorticoid receptor
bearing.

INTRODUCTION
For years, it was assumed that radiation therapy and many anticancer drugs killed malignant cells

directly harming the DNA of those cells. Now it is known that those treatments just harm the DNA to a minor
extent and the affected cells cannot repair the damage and they actively kill themselves. Apoptosis, the
programmed cell death, may be triggered by physiological, pathological or pharmacological stimuli. Tumor
cells, when exposed to antineoplastic drugs, exhibit apoptosis and alterations of cell cycle phases [1, 2, 3, 4;
5]. These drug effects may have a clinical relevance in acute leukemia patients receiving intensive
chemotherapy together with other drugs; for example, effects on acute myeloid (AML) blasts may influence
their susceptibility to drug-induced apoptosis, and effects on T cells may alter effector functions that mediate
additional antileukemic effects in patients receiving intensive chemotherapy 6,

Since the initial discovery of the antineoplastic activity of cisplatin several metal complexes including
those ofrhodium have been tested and some exhibited antitumor activity [7, 8, 9, 10, 11, 12, 13, 14].

Glucocorticoids are known by their limpholytic effects and are used empirically in the treatment of
some malignant lymphomas and acute and. chronic lymphoblastic leukemias. The antitumor effects of
glucocorticoids, including apoptosis, seem to be mediated by binding to a specific cytoplasmatic receptors
[15] that are translocated to the nucleus and signal apoptosis. Glucocorticoid-induced apoptosis of lymphoid
cells does not require wild-type p53 activity [16].

The aim of this study was to examine the effects of some metal complexes on apoptosis and to
disclose interactions by the association ofthese compounds and the glucocorticoid dexamethasone.

MATERIALS AND METHODS
Cell lines: The cell lines used in this study have been described previously. Human leukemic cell lines,

Raji (B cell lymphoblastic leukemia line) and U937 (monocytic cell line) were obtained from Cells Bank (Rio
de Janeiro). Jurkat (T cell lymphoblastic leukemia cell line) was obtained from The University of Oxford. The
cell lines were maintained in RPMI 1640 (Sigma) supplemented with 10% fetal calf serum, glutamine and
antibiotics. The cultures were incubed at 37 C in a humidified atmosphere with 5% ofcarbon dioxide.

Drugs: Rhodium II complexes, amidate [14] and propionate, were obtained from the Institute of
Chemistry, University of Sio Paulo. Cisplatin was purchased from Eurofarma Laboratories. Dexamethasone
was purchased from BioChimico.

Drug treatment: Approximately 5x105 cells mL" were exposed to the drugs for 24 hr at 37 C. Drugs
were dissolved in water to the final concentration: 50 laM rhodium (II) amidate; 10 tM rhodium (II)
propionate; 200 M cisplatin; 360 tM dexamethasone. Control cultures received saline.

Flow cytometry: Drug-treated cells were prepared according to the procedure described previously
[17]. The DNA content was measured by a Becton Dickinson FACScalibur flow-cytometer and analysed by
CellQuest sotvare. The forward scatter (FSC) and side scatter (SSC) of particles were simultaneously
measured.

Agarose gel electrophoresis analysis: Cells (2x106), incubated as above, were lysed in 0,4 mL 10 mM
EDTA, 50 mM Tris-HCL, pH8.0, containing 0,5% SDS at 65 C for 2 hr. The lysate was extracted twice with
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phenol:chloroform and the DNA precipitated in ethanol. After centrifugation, pellets were dissolved in TE
(10 mM Tris-HCL, pH 8.0, mM EDTA) and treated with 0,5 mg/mL RNAse (Sigma) for 3 hr at 37 C.
Electrophoresis was carried out at 50 V (constant) in 2% agarose-gel. After electrophoresis, the gel was
stained with ethidium bromide (0,5 tg/mL; 15 min) and then destained in water (15 min). Molecular weight
markers (100 bp) were purchased from Amersham Pharmacia Biotech.

Morphological studies: The morphology of control and drug-treated cells was studied by staining the
cells with the May Grtinwald dye [18] The criteria for the identification of apoptotic features included
membrane blebbing, chromatin condensation and formation of apoptotic bodies 19].

Statistical analysis: Resultant data were compared by means of Kruskal-Wallis test with multiple
comparisons [20]. When p < .05, differences were deemed to be statistically significant.

RESULTS
Rhodium II amidate: Rhodium II amidate induced apoptosis on lymphocitic cell lines, Raji and Jurkat,

while U937 cells were resistant. (Figs and 2).
Rhodium II propionate: Rhodium II propionate induced apoptosis on the three cell lines studied (Figs

and 2).
Cisplatin: Cisplatin induced apoptosis on Jurkat cells, as seen in Fig 1. This was confirmed by a

morphological study ofthe cells also. The drug did not induce apoptosis on Raji and U937 cell lines.
Dexamethasone: Dexamethasone increased significantly apoptosis on the U937 cell line (also with

morphological confirmation).
Association of Dexamethasone with metal complexes: There was no significant difference on the

apoptosis index with the association dexamethasone / rhodium II complexes on the cell lines studied. The
association cisplatin and dexamethasone did not alter apoptosis on Raji cell lines as well but this association
enhanced significantly apoptosis on the U937 cell line and reduced significantly apoptosis on Jurkat cells as
compared to cisplatin alone.

DISCUSSION
In this study we have been observing the apoptosis index in some cell lines induced by metal

complexes using direct flow cytometry analysis and agarose electrophoresis (DNA’s fragmentation was
confh’med by agarose electrophoresis where there was a typical DNA ladder image, indicative of
internucleosomal DNA damage). However in some particular situations (enhanced apoptosis rate seen at flow
cytometry, with no ladder image at electrophoresis) we need a morphological confirmation. The lack of the
DNA’s fragmentation ladder on electrophoresis may be due to low rate of apoptotic cells or DNA fragments
with high molecular weight [21]. A possible interference of glucocorticoids on those apoptosis rates was also
examined.

Rhodium II propionate induced apoptosis in the three cell lines studied. Rhodium II amidate induced
apoptosis in both lymphoid cell lines (Jurkat and Raji), while cisplatin induced only in the T lymphoid cell
line (Jurkat). Dexamethasone enhanced cell apoptosis only on the monocytic cell line (U937).

The role of apoptosis and acquired mutations have been providing an explanation for the drug
sensitivity and resistance in cancer treatments reports. Many oncogens have been found to be related to
chemosensitivity and resistance to cytotoxic agents like c-myc, bcl2, mdr and mainly the tumor p53 supressor
gene. Mutations of gene p53 are frequent in human leukemic cell lines [22]. Chemotherapeutic drugs may
cause apoptosis via p53 mutation [23] or be independent of p53 mutation [24]. The apoptosis induced by the
metalic complexes studied here seem to be independent of p53 mutation since Jurkat and U937 cell lines do
not express this gen [25] and in Raji cell line this gene is inactivated [26].

The finding that dexamethasone induces apoptosis in U937 is coherent with the hypothesis that
glucocorticoids induce apoptosis mediated by their binding to a specific cytoplasmatic receptor [27] since this
cell line has a glucocorticoid receptor [28, 29] while Jurkat cells do not have glucocorticoid receptors [30],
and Raji cells have a low glucocorticoid receptor [31, 32].

There were no interactions by association of dexamethasone and rhodium II complexes. Association of
dexamethasone with cisplatin enhanced apoptosis in glucocorticoid receptor bearing cells U937 but reduced
apoptosis in the T lymphoblastic leukemia cells Jurkat.
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Fig DNA’s histogram (log scale) and apoptosis indexes of Jurkat cells submitted to metalic
complexes for 24 hours with and without dexametasone. In each sample 10,000 events were analysed through
the FACScalibur from Becton Dickson.
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Fig 2: Picture of DNA’s gel- agarose electrophoresis of the Jurkat, Raji and U937 cell lines A control,
B dexamethasone, C rhodium amidate, D rhodium propionate, E cisplatin, M molecular weight marker of
100bp. Ladder images, indicate internucleosomal DNA damage
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