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Abstract: Pt(IV) complexes must be reduced to kill cancer cells. While 2.10 1.95 2.10 1.95 2.10 1.95

reduction rates correlate with reduction potentials, we wanted to check Figure 2. [*H,'3C]HSQC spectra of the reaction dfwith extracts of
if the rates of reduction depend on the cell line used. The reduction of A2780 cells after 10 min (left), 110 min (center), and 160 min (right).
cis,trans,cigPtClL(OCOCH),(NHs);] by extracts of three cell lines was

measured, and the rates follow the order A2780cisR2780 > HT- Scheme E.
29. The reduction is not carried out by the low molecular weight (MW) 9
antioxidants but primarily by cellular components with M¥#/3000. ngc)J\o
The cis,trans,cigPtCl,(OCOCH;)2(NH3)(Am)] complexes H3N/,,,.P|t.ﬂm<:| Reduction Hali, o wCl )‘L
(where Am= cyclohexylamine and adamantylamine, Figure L AT NG e N0
1) are potent anticancer agents that are in advanced clinical e CT‘)
trials! There is evidence that inert octahedral Pt(IV) complexes )
must be reduced to the more reactive square-planar Pt(ll) Prodrug drug

complexes before binding to DNA, their critical pharmacological 2 Reduction of thé=C labeledctc-[PtCL(OCORCHz)2(NH3),] yields a
target? Pt(IV) complexes can be considered as prodrugs that **C labeled acetate that can be detectedsl'fCIHSQC.
are activated by biological reducing agents. If the reduction _
occurs outside the cancer cell, it results in inactivation of the compare the reduction rates of the same compound,
drug, but if the reduction takes place primarily intracellularly, [PtCl(OCO®CHs)2(NH3)2], by aqueous extracts from different
the prodrug is activated and can kill the cancer cell. Thus, the cancer cell lines by continuously monitoring the reduction
potency of Pt(IV) anticancer agents depends on where theyProcess using'f,*CJHSQC' 2D NMR spectroscopy.
might be reduced, which is a function of their reduction ~ Toward this end ctc-[PtCl(OCOCHg)z(NHs)] (1) was
potentials. The axial and equatorial ligands affect the reduction Prepared as described, usitig labeled acetic anhydride for
potentials and the reduction rates of Pt(IV) complexes by low the carboxylation reaction, and was characterizet?#t NMR
molecular weight biological reducing agents such as thiols and SPectroscopy (1136 ppm) and ESIMS (418.9 monoisotopic
ascorbic acid. The reduction potential is influenced primarily ~ Peak)! The reduction oftc-[PtCL(OCO*CHs)2(NH3)7] yields
by the nature of the axial ligands where the most difficult to CiS[PtCL(NH3)z] and free OCG*CH; (Scheme 1), which can
reduce are complexes with axial hydroxy ligaf{dsc-[PtCl,- be detected by'H,"*CJHSQC. _
(OH),(NH3z)(Am)]}, the most easily reduced are complexes with ~_ The ['H,**CJHSQC spectrum showed that there is a clear
axial chloride ligandg ctc-[PtCly(Cl)2(NHz)(Am)]}, and those dlfference between théH chemical shifts of the Pt(IV) bound
with axial carboxylate ligandg ctc-[PtCL(OCOCH;)2(NH3)- axial acetate (2.13 ppm) and the free acetate (1.94 ppm at pH
(Am)]} have intermediate reduction potential€hoi et al. 7), in agreement with the results of Ranfér@ell extracts were
demonstrated that reduction rates correlate with reduction Prepared by lysing 160 million cells in 1.6 mL of deionized
potentials® Attempts to correlate reduction potentials with water followed by centrifugation to get rid of the insoluble
cytotoxicity led the researchers to conclude that in general thereMaterial and by reducing the volume to 22b. DO (25uL)
is no correlation between cytotoxicity and reduction potentals.  Was added. The sample (100 ctc-[PtC(OCOHCHg)x(NHs)7]
In the studies correlating reduction potentials with reduction in 250uL of extracts, pH~6.8) was placed in a Shigemi NMR
rates, the reduction rates were measured in aqueous solution§be, and a spectrum was measured every 10 min on a Varian
having “physiological conditions” (37C, pH ~7.2) with a Inova 500 at 37°C. Inltla_llly a strong peak o_tL was observed
single reducing agent. This approach does not consider theat 2.13, 21.22 ppm, which was converted into the free acetate
possibility that the intracellular reduction rates might depend at 1.94, 22.54 ppm (Figure 2). .
on the unique intracellular composition of a given cancer cell  The peaks in the'f, **CJHSQC spectra were integrated, and
line. the percentage of the Pt(IV) completc-[PtCL(OCORSCH;),-

Our working hypothesis was that the reduction rates of a given (NHz)2] was plotted as a function of time. The plots of the
Pt(IV) complex will vary from one cell line to another because reduction ofl by the extracts of A2780, A2780cisR, and HT-
each cell line has a unique combination of reducing agents 29 are depicted in Figure 3. Extracts from the different cell lines

resulting in different reducing capacities. Thus, we set out to "educectc-[PtCL(OCO=CHs)o(NH3)] at different rates. They
values for the reduction ol are 36, 90, and 130 min for
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Figure 3. Plot showing the decrease of the peaksctf-[PtCl-

(OCOMCH3)2(NH3);] as a function of time by the whole extracts of
native A2780cisR, A2780, and HT-29 (diamonds, triangles, and circles,
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respectively). Each point represents an average of three measurementgigure 5. Plot showing the reduction otc-[PtCl(OCOHCHs)o(NHs)o]
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Figure 4. Plot showing the comparison of the reduction at-

[PtClL(OCORCH;z)2(NHg),] by native cells (lines) and cells pretreated

with BSO: A2780cisR (solid diamond), A2780 (solid triangle), and

HT-29 (solid circle).
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A2780cisR, A2780, and HT-29, respectively. This demonstrates
that the reduction rates depend not only on the reduction
potential but also on the contents of the cancer cell.
Interestingly the reduction is fastest in the resistant ovarian
cancer cell A2780cisR. A2780cisR is a cisplatin resistant cell
line derived from A2780 by exposure to cisplatin, and it

as a function of time by the high MW fractions of A2780cisR (solid
diamond), A2780 (solid triangle), and HT-29 (solid circle) and for the
low MW fractions (open diamonds, triangles, and circles, respectively).

by the high MW fraction has a similar pattern to that exhibited
by the whole extracts withy, of 35, 60, and 170 min for
A2780cisR, A2780, and HT-29, respectively. Surprisingly, the
low MW fraction seems to be quite inefficient at reducihg
(20% reduction in the peak df after 500 min). The results
from the pretreatment with BSO and the fractionation experi-
ments suggest that GSH does not play a major role in the
reduction ofctc-[PtClL,(OCORBCH3)2(NH3)2).

Hambley et al. have shown thett-[PtCL(OCOCH;)2(NH3)2]
is reduced in A2780 cells and that afeh only 33% remains
as Pt(IV)8 Studies of the biotransformation products of satra-
platin revealed that aftea 4 hincubation with SKOV3 cells
only 11% of the drug remained intact (73% when the experiment
was done with CH1 cell).Although Galanski and Keppler
showed that Pt(IV) complexes can bind directly to GMRyw
MW antioxidants are assumed to play an important role in the
metabolism of Pt(lV) anticancer agents. Elding calculated that
the half-life for the reduction of satraplatin with 5 mM ascorbic

encompasses all known mechanisms of acquired resistanceggiq (15-fold excess) is approximately 12 min at°&7and pH

including increased production of GSHGSH has been

7.45¢

proposed as one of the cellular reducing agents that can activate kratochwil and Bednarski report that a s/ solution of

Pt(IV) prodrugs. But are the higher GSH levels in A2780cisR
really responsible for the faster reduction ofc-[PtCly-
(OCOMCH3)2(NHz3),] in A2780cisR compared with the other
cell lines?

To address the question, we performed two experiments. In

ct-[PtClL,(OCOCH;),(en)] in 3 mM GSH is stable for 24 h at
37 °C. They suggest that other as yet unidentified processes
may be involved in the reduction of Pt(IV) complexes in cell
culture!® Ranford compared the reduction aftc-[PtCl,-
(OCOCH)2(NH3)7] by L-Cys and.-Met, finding that reduction

the first set of experiments, the cells were incubated for 24 h by the thiol is significantly faster, and on the basis of typical
with 250 uM BSO (an inhibitor of GSH synthesis) to reduce concentrations in blood and cells, he predicted that the
the cellular GSH levels. The cells were extracted as described,predominant reductant of Pt(IV) complexes will be GSHe
and the GSH levels were determined by an HPLC equipped concludes that the reduction rates are dramatically slower than
with an electrochemical detectbihe cells that were pretreated  for previous models of Pt(IV) systems. Kasparkova reports that
with BSO had GSH levels that were 14-fold lower than those GSH and MT do not play a major role in cellular deactivation
found in the native cells. The reduction profiles by the of a Pt(IV) complex, implying that they are not readily reduced
BSO pretreated cells were compared with those of the native by them!2 In contrast, Raynaud et al. studied the intracellular
cells. Despite the large differences in GSH levels between the metabolism of satraplatin, finding that the nature and percentage
extracts of the native and BSO treated cells, the reduction of the biotransformation products depended on the cellular GSH
profiles are very similar (Figure 4). The; values are 42, 90,  |evels. They also report that one of the biotransformation
and 105 min for the BSO treated A2780cisR, A2780, and HT- products contains a GSH adduct, though this adduct was not
29 respectively. fully characterized and it is not known if it is a Pt(IV) or a

In the second set of experiments, the cell extracts were Pt(Il) complex. Their data support the view that GSH conjuga-
separated into a low MW fraction and a high MW fraction by tion is an important inactivation pathway for satraplafithey
a Centricon with a MWCO of 3000 Da, and the ability of each do not claim or provide any evidence that the reduction was
fraction to reducetc-[PtCL(OCCORCHs),(NH3),] was measured.  carried out by GSH.
All the low molecular weight antioxidants, including GSH, The prevalent assumption is that the reduction is carried out
should be in the low MW fraction. We quantified the GSH levels by low molecular weight reductants, and little attention was
in the low and high MW fractions and found that 96% of the devoted to the possibility that the reduction might be carried
GSH was in the low MW fraction~2.2 mM in the NMR out by proteins. In a very interesting recent paper McKeage
sample). For each of the three cell lines the reductiontcf showed that satraplatin can be reduced by hemoglobin and
[PtCl(OCOMCHz)2(NH3),] by the high and low MW fractions  cytochromec in the presence of NADH (satraplatin disappeared
was studied. The results are depicted in Figure 5. The reductionwith a half-life of 36 min in a solution containing hemoglobin
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and NADH), suggesting that the reduction is done by transfer-
ring electrons from the metal center to the Pt(I¥/)n the same
work it is reported that satraplatin is stable in GSH in the
presence or absence of NADH and af2eh of incubation the
recovery of satraplatin from GSH was 99% and from GSH with
NADH, 95%. These results are consistent with those reported
by Bednarski.

In agreement with the findings of Raynaud that the same Pt-
(IV) compound is transformed differently by different cell
lines ¥ we found that aqueous extracts from different cell lines
reduce the same Pt(IV) complex at different rates. While we
have not identified the components of the extracts that reduce
cte-[PtCl(OCOMCH3),(NH3),], it seems reasonable to conclude
that it is not the low MW reducing agents, including GSH, that
are primarily responsible for the reduction bfBecause there
are many cellular components that are capable of reducing Pt-
(IV) complexes and because the components responsible for
the reduction of Pt(IV) complexes have not been identified and
may vary from one cell line to another, care should be taken
when using simple model systems for predicting cellular
reduction rates. Even the low MW fractions of the agueous
extracts, which were presumed to be responsible for the
reduction of Pt(IV) complexes, display reduction properties that
are very different from those of the whole cell extracts. It seems
reasonable to conclude that agueous solutionSG3pH 7.4)
containing a single reducing agent (such as GSH, Cys, or
ascorbic acid) may not be good models for predicting the
reduction of Pt(IV) complexes inside cancer cells.

In summary, we have shown that the rate of reduction of
ctc-[PtCL(OCORBCH3)2(NH3),] depends on the contents of the
cancer cells and that the reduction is not carried out by the low
MW antioxidants and specifically not by GSH. The reduction
is done by molecules with MW 3000 Da. We are currently
studying the effects of the equatorial ligands on the reduction
by cancer cell extracts by looking at the reduction abé-
[PtCl,(OCOMCH3)(NH3)(Am)] complexes.
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