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The in vitro photobiology of the supramolecular complexes
[{ (bpy)2Ru(dpp)} 2RNCL,]Cls and [{ (bpy).0s(dpp)} 2RNCL]Cls [bpy
= 2,2"-bipyridine; dpp = 2,3-his(2-pyridyl)pyrazine] with African
green monkey kidney epithelial (Vero) cells was investigated.
Previously, the complexes have been shown to photocleave DNA
in the presence or absence of O, Vero cell replication was
uninhibited for cells exposed to the metal complex but protected
from light. Vero cells that were exposed to metal complex, rinsed,
and illuminated with >460 nm light showed a replication response
that was metal complex concentration-dependent. Vero cells
exposed to 3.0-120 uM [{ (bpy).Ru(dpp)} 2RNCI;]Cls and illuminated
showed inhibition of cell growth, with evidence of cell death seen
for complex concentrations =10 uM. Cells exposed to [{ (bpy).Os-
(dpp)}2RhCL]Cls at concentrations of 5.5-110 uM, rinsed, and
illuminated showed only inhibition of cell growth. The impact of
[{ (bpy)Ru(dpp)} .RhCL]Cls and [{ (bpy).Os(dpp)} 2RhCL|CI5 on cell
growth following illumination shows the promise of this new
structural motif as a photodynamic therapy agent.

rins, chlorins, and phthalocyanines garner much of the
attention in PDT researchAlthough many metal complexes
have light-activated reactions with DNA, few have been
investigated as PDT agents in vitro or in vivo.

Ruthenium polypyridine complexes have rich photochem-
istry that makes them good candidates for PBTThe
complex [Ru(bpyj?>* (bpy = 2,2-bipyridine) has electronic
excited-state dynamics dominated by the emissive, lowest-
lying Ru(dr) to bpy@*) (metal-to-ligand) charge-transfer
(MLCT) excited state with a lifetime of-1 us>6 The triplet
MLCT (3MLCT) state undergoes efficient excited-state
energy and electron transfer. Like fhe-7* states of organic
photosensitizers used for PDT, th&LCT state of
[Ru(bpy)]?" is quenched by molecular oxygen to generate
singlet oxygen 10,).” Cell studies using [Ru(bpy?" and
[Ru(phen)]?" (phen= 1,10-phenanthroline) showed thax
caused apoptosis of cells treated with these complexes and
light® The ruthenium complexes can damage the cell
membrane upon illumination, allowing complex diffusion
into the cytoplasni.Barton demonstrated that the lipophilic
4,7-diphenyl-1,10-phenanthroline ligand enhances cellular

Molecules possessing reactive, electronic excited statesuptake through passive diffusién.

have found clinical use as photodynamic therapies (PDTSs)

Phototoxic molecules that do not rely on molecular oxygen

for the treatment of cancérOscar Raab in 1900 described would have special clinical applications. PDTs in clinical
photodynamic action as the photosensitization of oxygen use today all function by generatid, or other reactive

within a cell, leading to cell death.Thirty years ago,

oxygen specie¥'! Reactive oxygen species are thought to

researchers began using hematoporphyrin and light to kill cleave DNA, destroy proteins, and cause lysis of cell and
cancer cells, directly leading to current clinical applications organelle membrané3.Tumor cells are often hypoxic, so

of PDT (Photofrin)® Organic photosensitizers like porphy-
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Figure 1. Mixed-metal supramolecule§(ppy)M(dpp)} 2RhChL]Cls used (l) ‘ i . ‘
for photobiology studies, where & Ru' or Od', bpy = 2,2-bipyridine, 200 300 400 500 600 700 800

and dpp= 2,3-bis(2-pyridyl)pyrazine. Wavelength (nm)
. . Figure 2. Electronic absorption spectra of the mixed-metal supramolecules
_the_efflcacy of PDT on imbedded, IargeZ and ma_\ture tumors [{ (bpy).Ru(dpp}RhCLICIs (—) and [ (bpy)0s(dpp) 2RNCEICIs (- - -)
is limited. PDT causes oxygen depletion within the cell, [bpy = 2,2-bipyridine; dpp= 2,3-bis(2-pyridyl)pyrazine].
further limiting efficacy of traditional PDT agents. _ o
Rhodium complexes are known to intercalate, photobind, a1d léading to DNA cleavagé Each complex has coincident

and photocleave DNA in an aerated and oxygen-free solution, 2PSOrPtions in the UV region corresponding to ligand-

with recent studies providing promising in vitro properties. Centéredz — x* transitions. In the visible region,
Barton pioneered the use of rhodium complexes in DNA [{ (bpy)Ru(dpp}-RhCLICls has MLCT transitions centered

interaction studie®® The complexescis-[Rh(NN),Cl,]*, at 514 nm that are shifted to 525 nm fof(ljpy).Os-
where NN = phen, bpy, dipyrido[3,2:2',3-c]phenazine (dpp)}?RhCIz]Cls. The osmium-containing complgx has a
(dppz), or 3,4,7,8-tetramethyl-1,10-phenanthroline, inhibit ;nore intense onv—energy tail from direct population of the
tumor cell replication when illuminated with UV light.1® MLCT state (Flgure 2). Both systems possess a Ri)(d
The complexcis[Rha(u-0:CCHs)x(dppz)]2* is phototoxic lowest uoccupied molecular orbital, leading to the lowest-
to human skin cancer cells (Hs-27) when illuminated with "Ying "MMCT excited state. . o
400700 nm light® cis-[Rhy(u-0.CCH).(bpy)(dppz)}* has Reported herein is a photochemical study of its impact

improved phototoxicity, similar to that of hematoporphyfin. ~ On African green monkeyGhlorocebus sabaceigidney
The photoactivated cisplatin ~ analoguesis-[Rha(u- epithelial (Vero) cell replication when photolyzed after
0,CCHy)»(CH:CN)gJ2* was recently reported to have a 34- €xposure 1o {{(bpylRu(dpp}-RhCEICIs and  (bpy).Os-
fold increase in toxicity toward Hs-27 when treated with (dPP}2RhCEICls. Vero cells are adherent mammalian cells
visible light28 that double in population over 24 h, making it a convenient

I, )
Recently, Brewer showed that the mixed-metal supramol- probe of PDT actiorf? The complexes{(bpy)Ru(dpp}

RhCL]Cls and [ (bpy):Os(dpp}.RhCL]Cls were added to a
ecules{(bpy)zRE(dpp}g_RhCIz]C_lg; and |{(b_py)203(dpp}2 growth medium with Vero cells and incubated overnight.
RhCL]Cls [dpp = 2,3-bis(2-pyridyl)pyrazine] photocleave .

. . . o o The cells were rinsed to remove free metal complex and
supercoiled circular plasmid DNA when irradiated with light . .
) counted, and a series of grids were exposed to focused
>450 nm in the presence or absence of molecular Oxygenmicrosco e liaht for 4 min. Rinsina the cells prior to
(Figure 1)*?°The mixed-metal supramolecules are efficient pe 19 : 9 P

light absorbers with high absorptivity throughout the visible Hllumination means that any impact on the replication e_lther
region (Figure 2§ The SMLCT state undergoes intra- was produced by the metal complex already entered in the

: cell or was preassociated with the cell surface. Cells were
molecular electron transfer to the rhodium(lll) center, . i
enerating the metal-to-metal charge-transfer SBM&ICT) then incubated for 48 h and counted to assess the impact of
9 exposure to light and the complexes on cell growth. Dark
) . ; controls without exposure to light and light controls without
(12) (a) Castano, A. P.; Demidova, T. N.; Hamblin, M. Rhotodiagn. .
Photodyn. Ther2004 1, 279-293. (b) Castano, A. P.; Demidova, T.  Metal complex exposure were conducted. Both dark and light
N.; Hamblin, M. R.Photodiagn. Photodyn. The2005 2, 1-23. (c) controls showed no inhibition of cell replication, with cell

Castano, A. P.; Demidova, T. N.; Hamblin, M. FRhotodiagn. ; ; ; :
Photodyn. Ther2005 2, 91— 106, counts 4 times those prior to 48 h of incubation.

(13) Erikkila, K. E.; Odom, D. T.; Barton, J. KChem. Re. 1999 99, The Vero cell cultures exposed to the metal complex and
2777-2795. i i i iaai

(14) Loganathan, D.; Morrison, HPhotochem. PhotobioR006 82, 237— |Ight were exa.lmmed using transmission .and quorgsqence
247. microscopy. Light exposure was for a period of 4 min in a

(15) Menon, E. L.; Perera, R.; Navarro, M.; Kuhn, R. J.; Morrison, H.  circular pattern centered inside four grids (Figure 3A). Phase

(16) IAnﬁé%szr_]Sg]z'gO% ﬁ' 5;};%358;: M. Fu P. K-L- Wicke. S. E- contrast photographs of the plates were taken before and 48

Bacsa, J.; Dunbar, K. R.; Turro, Morg. Chem.2004 43, 8510 h after light treatment and used for initial and final cell
8519. ; ; i ; ;

(17) Angeles-Boza, A. M.: Bradley, P. M.. Fu, P. K-L.: Shatruk, M. countl_ng (Figure 3B). Stalnmg_of the cells w_|th ce_llce_m AM
Hilfiger, M. G.; Dunbar, K. R.; Turro, Clnorg. Chem.2005 44, following the 48 h growth period allowed visualization of
7262-7264. live cells (Figure 3C). Staining with ethidium homodimer-1

(18) Lutterman, D. A.; Fu, P. K.-L.; Turro, Cl. Am. Chem. So006 .

128 738-739. revealed dead cells (Figure 3D). Images of the cells showed
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Figure 4. Plot of inhibition of cell replication after exposure to the metal
complex, with ©) or without @) 4 min of illumination with >460 nm
light, as a function of the concentration of (A)(bpy)xRu(dpp}2RhChL]-
Cls and (B) [ (bpy)xOs(dpp}2RhCL]CIs [bpy = 2,2-bipyridine; dpp=

Figure 3. Representative micrographs of Vero cells after exposure to 122 2,3-bis(2-pyridyl)pyrazine].

uM [{(bpy)xRu(dpp}2RhCL]ClIs, rinsing with a clean medium, and 4 min
of illumination by focused light £460 nm): (A) immediately after  osmium complex at 5.6M limited cell growth to 3.4 times

Eﬂgﬂyiés h(tgfovcvltrr? 'gerr?ﬁé?ﬁiﬂfégfk;b E)cr?irn‘éﬁ Z]Zzzl”r?g]rlg\?vttlr? r;esr?c(;)cti)bvﬁ? the population immediately following |IIum|na.\t|on.. Cell death
live cell (green) visualization with calcein AM fluorescence; (D) after a Was not observed for the cells treated with light and the
48 h growth period with dead cell (red) visualization with ethidium osmium complex at the concentrations tested, which instead
homodimer-1 fluorescence. led to inhibition of cell replication at high concentrations.
At the highest concentration examined, 189 [{ (bpy),Os-
(dpp)}t 2RNCL]CIs or [{ (bpy)Ru(dpp} RhCL]Cls. Grids not (dpp)} :RNCE]CIs, severely limited cell growth is observed,
exposed to light revealed uninhibited replication of Vero cellsigi/cells = 1.3. The deviation of the photobiological
cells. The localized impact of illumination suggests that these response  between {(bpy)Ru(dpp}»-RhCL]Cls and
complexes are highly selectively light-active, making them [{(bpy).Os(dpp}.RhCL]Cls on Vero cells is surprising given
a very promising new structural motif for PDT development. their similar photoreactivities with DNA, which may suggest
Vero cell populations before and after the 48 h growth differing mechanisms of actiof.
period were compared using fluorescence microscopy to The results of the Vero cell assay show the high photo-
quantify the photobiological impact of (bpy).Ru(dpp} - toxicity or light-activated inhibition of replication following
RhCE]Cls and f (bpy)Os(dpp}-RhCE|Cls on Vero cellsat  exposure to {(bpy)Ru(dpp}.RhCE]Cls and [ (bpy),Os-
a variety of metal concentrations, each conducted in triplicate. (dpp) ,RhCL]Cls, respectively. With growth in the dark, no
Vero cells were treated with the metal complex for 48 h, inhibition of replication occurs when cells have been exposed
visualized and counted, exposed to light for 4 min, grown to micromolar concentrations of fopy):.Ru(dpp} :RhCL]-
in the dark, and visualized and counted again. Dark and light Cl or [{(bpy),Os(dpp}.RhCL]Cls. Replication of cells is
controls were also conducted, visualized, and counted. Theretarded after exposure to the mixed-metal supramolecule,
number of cells in a specific grid after the 48 h growth period rinsing, and short illumination. Only cells that were
was divided by the initial number of cells in that grid. Vero jjjuminated were affected, while similar cells kept in the dark
cells are adherent, so changes in number reflected cellulargreW normally. The collective results of the cell photolysis
replication (cellssi/cells > 1) or cell death (cellg/cells assays show thaf (opy).Ru(dpp}.RhCE]Cls and f (bpy)-
< 1). The cellgsi/cells, growth ratios were plotted as a  Os(dpp) ,RhCLICls are promising candidates for the devel-
function of the metal complex concentration, with graphical opment of new PDT agents, representing a molecular motif
comparisons made between dark controls and illuminatedinat has not been investigated previously. The interesting
samples (Figure 4). Remarkably, completely normal cell gifferences between the osmium- and ruthenium-based
growth was seen for all dark controls. In marked contrast, gystems seen with these cell studies were not evident in the

cells exposed to the metal complexes, rinsed, and illuminatedyynically reported DNA photocleavage studies, and this
showed a metal complex concentration-dependent replication;j|ystrates the significance of this approach.

response. Samples exposed §py,Ru(dpp} .RhCL]Cls
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