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Abstract

Despite the tremendous success of cisplatin and other platinum-based anticancer drugs, severe toxicity and
resistance to tumors limit their applications. It is believed that the coordination of the metal to DNA bases causes the
ruptures of the cancer as well as normal cells. A search for anticancer drugs with different modes of action resulted
in the synthesis of variety of novel compounds. Recently we synthesized a series of novel rhenium pentylcarbonato
compounds (PC1-PCB6). The rhenium atom in each compound is coordinated to a planar heterocyclic aromatic ligand,
thereby forcing each compound to intercalate between the DNA bases. The UV absorption titrations of PC6 with DNA
shows hypochromic effect with concomitant bathochromic shift of the charge transfer band at 290 nm. These results
suggest that the compound PC6 binds to DNA through intercalation. It is likely that many of the other PC-series of
compounds will behave in a similar manner. We have observed that the PC-series of compounds are strong cytotoxic
agents against lymphosarcoma (average GI50 = 2.3 + .6 uM), PC-3 prostate (average GI50 = 2.8 + 0.6 yM) and myeloid
leukemia (average GI50 = 3.0 + .6 pM) cancer cell lines. The average GI50 values of the PC-series of compounds are
much less than the corresponding GI50 values of cisplatin. Also each of the PC-series of compounds exhibits less

toxicity than cisplatin in the glomerular mesangial cells.
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Abbreviations

GI50: Concentration required to have 50% cell-growth inhibition

Introduction

The serendipitous discovery of the anticancer property of cisplatin
[1] contributed to the development of cancer chemotherapy. Due to
its severe side effects and resistance to tumor, clinical effectiveness
of cisplatin is limited. Second and third generation platinum drugs
are not free from side effects and spontaneous or acquired resistance.
As a result, it has been proposed that we should move away from the
‘platinum paradigm’ by developing drugs based on other metals which
have different mechanisms of action [2,3]. Non-platinum complexes
such as those of ruthenium [4], titanium [5], gold [6], tin [7], palladium
[8], rhodium [9], bismuth [10], and gallium [11] exhibit very strong
cytotoxicity and possess distinct chemical advantages over cisplatin and
related drugs. In fact, some of them entered clinical trials. This opens
the door for the exploration of non-platinum anticancer drugs.

Rhenijum organometallics are another very new class of promising
antiproliferative compounds. For example, several tricarbonylrhenium
compounds have been found to be cytotoxic against numerous cancer
celllines [12-15]. In the present study, we synthesized six novel rhenium
pentylcarbanato compounds PC1-PC6 [16]. The structure of each
compound is depicted in Figure 1. Unlike the rhenium compounds
noted above [12-15], the PC-series of compounds exhibit fluorescence
[16]. Here we report the cytotoxic effects of the compounds PC1-PC6

on lymphosarcoma, PC-3 prostate, and myeloid leukemia cancer cells
and mesangial cells and the DNA-binding study of the compound
PC6 using electronic spectroscopy (UV-Visible spectrophotometric
titrations).

Materials and Methods:

Re,(CO),, and the polypyridyls were obtained from commercial
sources. Tris buffer was prepared according to standard protocol: 5
mM Tris-HCl, 50 mM NaCl, pH 7.2. Calf thymus DNA (CT-DNA)
was purchased from Sigma-Aldrich. Solution of CT-DNA in Tris
buffer gave a ratio of UV absorbance (A, /A, ) of =1.9 at 260 and 280
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Figure 1: The structural formulae of the PC-series of compounds PC1-PC6.

nm, indicating that the DNA was sufficiently free of protein [17]. The
concentration of CT- DNA in nucleotide phosphate was determined
spectrophotometrically using a molar absorptivity of 6600 M cm™ (260
nm) [18]. The UV-visible spectra were recorded at room temperature
using a Varian Cary 50 Scan UV-Visible Spectrophotometer.

Cell Culture

Lymphosarcoma and myeloid leukemia cancer cell lines were
obtained from Coriel Institute, MD(USA) and cultured in RPMI 1640
medium supplemented with 10% Fetal Bovine Serum, penicillin and
streptomycin antibiotics, grown at 37°C in a CO, incubator. PC-3
prostate cancer cell lines were obtained from ATCC, VA (USA) and
cultured in the same growth conditions stated above. Mouse glomerular
mesangial cells were donated by Dr. C. Reilly at Virginia Tech University,
VA (USA). The culture conditions were same as above.

Synthesis of rhenium pentylcarbanato compounds (PC1-
PC6)

The rhenium compounds PC1-PC6 were synthesized according to
the published procedure [16]. In brief, a mixture of Re (CO),, and the
corresponding polypyridyls in 1:2 mole ratio was refluxed in 1-pentanol
while CO, was bubbled through the solutions. The polypyridyls in
compounds PC1-PC6 are 2,2'-bipyridyl, 1,10-phenanthroline (phen),
5-methyl-1,10-phenanthroline, 2,9-dimethyl-1,10-phenanthroline
(neocuproin), 5,6-dimethyl-1,10-phenanthroline, and 4,7-diphenyl-
1,10-phenanthroline (bathophenanthroline), respectively. The reaction
was discontinued after 36 hours. After cooling to room temperature,
the solids PC1-PC6 were isolated by filtration.

UV Absorption Titrations

We selected only compound PC6 for UV absorption titrations.
The titrations of PC6 in Tris buffer were carried out using a fixed
concentration (20 uM) of PC6 to which DNA solutions were added.
Initially, 3000 pL of the blank buffer and 3000 pL solution of PC6 (20
uM) were placed in the reference and sample cuvettes, respectively.
The first spectrum was recorded in the range of 235-700 nm. During
the titrations, a measured amount of DNA was added to each cuvette
from the DNA stock solution so that the final concentration of the
DNA becomes 10, 20, 30, 40, 50, and 60 pM. The solutions were mixed
thoroughly by repeated inversion and were allowed to incubate for 10

minutes before the absorption spectra were recorded. The change in
concentration of the compound PC6 due to each titration was negligible.

Cytotoxicity Assay

The cancer cell lines were grown in 96-well plates to confluency, the
cells were then kept in serum-free medium overnight and then treated
with different doses of drugs PC1-PC6 (dissolved in DMSO) along with
untreated cells and DMSO vehicular control for 48 hours. DMSO was
used as vehicular control, non-drug treated as negative control and
cisplatin as positive control. A Trypan blue assay was done to measure
cell viability using a standard hemocytometer and light microscope.

Statistical Analysis

Each experiment was repeated three times and statistical t test was
used to analyze the results with P < 0.05.

Results and Discussion

As shown in Figures 1-4, the rhenium atom in each of the PC-series
of compounds is octahedrally coordinated to a chelated (bidentate)
polypyridyl ligand, three adjacent CO molecules, and a pentylcarbonate
group [-OC(O)OCH, ] in a facial (fac) arrangement. For example,
the rhenium atom in PCI is octahedrally coordinated to chelated
2,2’-bipyridyl ligand, three adjacent CO’s, and a pentylcarbonate group.
Likewise, the rhenium atom in PC4 is octahedrally coordinated to
chelated neocuproin, three adjacent CO’s and a pentylcarbonate group
and the rhenium atom in PC6 is octahedrally coordinated to chelated
bathophenanthroline, three adjacent CO’s and a pentylcarbonate group.
The PC-series of compounds were characterized spectroscopically.
Additionally, PC1, PC4 and PC6 were characterized through X-ray
crystallography. The X-ray structures of PC1, PC4, and PC6 are shown
in Figures 2-4, respectively. The phenanthroline ring in PC4 is not
totally planar (see Figure 5 and Table 1) with a 0.1166 A deviation from
planarity (deviation of 6.4° and 7.6° between the 3 rings). The crystal
structures of PC1 and PC6 were published earlier [16]. A complete
crystallographic data for PC4 will be published elsewhere.

Figure 2: X-ray structure of PC1. (courtesy: Elsevier).
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Figure 4: X-ray structure of PC6. (courtesy: Elsevier).

DNA binding studies are important because many anticancer
agents work through binding to DNA causing DNA damage in cancer
cells, interrupting replication and transcription processes, and inducing
apoptosis. The electronic spectroscopy is the most common technique
to find out the interaction of compounds with DNA [19]. When a
compound binds to DNA through intercalation, the UV-Visible spectra
usually shows hypochromism with a red shift. Each of the PC1-PC6
compounds is coordinated to a planar aromatic heterocyclic ligand
(see, Figures 1-5). It is therefore possible that each compound will
bind to DNA in an intercalative mode, involving a stacking interaction
between the aromatic chromophores and DNA base pairs. Figure 6
depicts the UV-Visible spectra of the compound PC6 (20 uM in Tris
buffer) in the absence and presence of calf thymus DNA. The intensity

of the charge transfer band at 290 nm in PC6 decreases as the DNA
concentration (range of 10-60 uM) increases. A small red shift of the
band at 290 nm is observed concomitantly after each addition of DNA.
A red shift to 295 nm is observed when 60 uM of DNA was added to
fixed concentration (20 uM) of PC6. Based on the UV-visible spectra
of the compound PC6, it may be concluded that PC6 binds to DNA
in an intercalative fashion. Our conclusion may be corroborated by
the fact that the phenanthroline rings are planar or near planar (see
Figure 5) which facilitate their insertion into the DNA base pairs. Thus
PC6 and may be other PC compounds PC2-PC5 except PC1 do not
bind to DNA via covalent interaction through nitrogen bases (adenine,
cytosine, guanine and thymine). PC1 might not follow intercalation
mechanism because of the presence of nonintercalative 2,2-bipyridyl
ligand. Cisplatin and other platinum metal drugs directly bind (form
covalent bond through nitrogen bases of DNA) to the DNA. As a result
normal cells are highly affected resulting in severe toxic side effects.
It is therefore possible that many of the the PC-series of compounds
might not exhibit severe side effects. It is worth mentioning that
analogous rhenium compounds exhibited very negligible toxicity
towards fibroblasts [15]. We have not extensively studied the
mechanism of action using other techniques and with other PC-series
of compounds. Therefore it is not impossible that the PC compounds
will follow other modes of action too. 1, 10-phenanthroline (phen) is
an intercalative ligand. It is expected that metal-phen complexes will
follow intercalation mechanism. In fact, Barton group [20] proposed
a major groove intercalation and a minor groove surface-bound
interaction for the binding of [Ru(phen),]** to DNA from equilibrium
dialysis and photophysical methods. However, Satyanarayana, et. al.
[21, 22] from viscosity measurements and Errikson, et. al. [23, 24] from

Figure 5: X-ray structure of PC4 showing a nearly planar phenanthroline ring.

Least Square Planes Deviation (A) from Planarity Dihedral Angle (°)
N1-C4-C5-C6-C7-C8 0.0155 6.4(2)
C7-C8-C9-C10-C11-C12 0.0262 7.6(2)

N2-C11-C12-C13-C14-C15 0.0206
N1- N2- Re1 0

N1-N2-C4 thru C15 0.1166 19.7(1)
04-05-06-C20-C21 0.0331 83.0(2)
C22-C23-C24-C25 0.0568 75.7(6)

Table 1: The least square planes and their deviations from planarity and dihedral
angles for PC4.
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Figure 6: Electronic absorption spectra for the titration of 20 uM of compound
PC6 in the absence and presence of varied amount of DNA.

NMR and CD spectra indicated no intercalative binding. We chose to
study the DNA binding properties of PC6 because the planar aromatic
heterocyclic ligand in PC6 has two additional planar aromatic (phenyl)
rings which might facilitate PC6 to follow intercalaive mode of action.
Although our prediction is right, the presence of planar aromatic ring
is not the final arbiter of intercalation mechanism. For example, the
mode of action of the complex [Ru(bpy),(dppn)]Cl, (where, dppn =
benzoli]dipyrido[3,2-a:23’-c]phenazine) seems to involve interactions
with cell membranes, rather than interactions with DNA (in this case
intercalation of the dppn ligand was anticipated) [25].

To determine the inhibitory potency of active compounds (GI50,
50% cell-growth inhibition), tests were extended for compounds PC1-
PC6 to varying concentrations for different cancer cell lines. Most of the
six drugs showed GI 50 around 3-4 uM (Table 2). Interestingly, the Re
drugs (PC 1-PC6) showed less toxicity than cisplatin in the glomerular
mesangial cells. Because nephrotoxicity is a major problem in cisplatin
treatment, the titled Re compounds could be an ideal alternative.
Significantly, all the Re compounds (PC 1-PC6) showed efficacy against
all the cancer cells treated at a lower dose than the cisplatin.
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