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p-Isopropylbenzaldehyde thiosemicarbazone (p-
is.TSCN) (1) reacts with [Pt(m-Cl)(h3-C4H7)]2 to
form a dinuclear [Pt(m-Cl)(p-is.TSCN)]2 com-
plex (2) and a cyclometallated cluster [Pt(p-
is.TSCN)]4 (3). Biological testing of these com-
plexes against HL-60 and U-937 human leuke-
mic cells suggest that complexes 2 and 3 may be
endowed with important cytotoxic activity prop-
erties since they exhibit IC50 values (50%
inhibition of cell growth) in the micromolar
range, as does the clinically used drug cisplatin
(cis-DDP). Analysis of the interaction of com-
pounds 2 and 3 with DNA indicates that the
kinetics of DNA platination due to compounds 2
and 3 is faster than that of cisplatin and that
after 24 h of incubation most of the platinum
centers are bound to DNA. Thus, it is likely that
the cytotoxic activity displayed by compounds 2
and 3 may be correlated with their high level of
DNA platination. # 1998 John Wiley & Sons,
Ltd.
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INTRODUCTION

Interest in the coordination chemistry of TSCNs
(thiosemicarbazones) has increased in recent years
since it has been shown that their biological activity
is related to their parent aldehyde or ketone
functions and to the ability of TSCNs to form
complexes with metals.1,2 A large number of
studies describing metal complexes of these
compounds have been published in the last few
years. These studies have demonstrated that TSCN
can act asS-monodentate,3,4 as chelate,5,6 or even
as tridentateNNS-ligands7–15 or ONS-ligands.16

Moreover, we have recently reported that TSCN
molecules may act as tridentateCNS-ligands in
cyclometallated complexes.17

It is well known that several factors influence the
antitumor activity of metal complexes,18,19 among
which are (i) the nature of the ligand, which may
modify the electrophilic properties of the metal; (ii)
the stereochemistry of the complex;20 and (iii) the
nature of the leaving group.21 Thus, as we have
previously shown, some cyclometallated com-
plexes can exhibit cytotoxic activity.17,22 Taking
into account the results obtained with two platinum
complexes ofp-isopropylbenzaldehyde thiosemi-
carbazone, namely the dimeric compound [Pt(m-
Cl)(p-is.TSCN)]2 (complex 2) and its tetrameric
cyclometallated derivative [Pt(p-is.TSCN)]4 (com-
plex 3),17,22 we have extended our studies with
these complexes. Both compounds exhibit impor-
tant antileukemic activityin vitro since they show
IC50 values in the micro-molar range similar to
those of the antitumor drug cisplatin,cis-diammi-
nedichloroplatinum(II). Analysis of the interaction
of compounds2 and 3 with DNA indicates that
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platinumbinding to DNA follows fastkineticsand
thatDNA platinationis accomplishedafter24h of
incubation. Moreover, these compoundsdo not
alter theelectrophoreticmobility of plasmidDNA,
supportingpreviouslyreporteddatathat indicated
that compounds2 and 3 form DNA interhelical
crosslinks.23,24

EXPERIMENTAL

Materials

Standardmethodswereusedfor thepreparationof
thep-is.TSCN25 ligandand[Pt(m-Cl)(Z3-C4H7)]2.

26

All the solvents were purified prior to use, by
standardmethods.27

Although the synthesisof compounds[Pt(m-
Cl)(p-is.TSCN)]2 (2) and [Pt(p-is.TSCN)]4 (3) by
reaction of K2PtCl4 with p-is.TSCN has been
previouslyreported,24 complex3 may be prepared
by the following alternativemethod.To a solution
of p-is.TSCN (0.12g, 0.52mmol) in 4 ml of
acetone,[Pt(m-Cl)(Z3-C4H7)]2 (0.15g, 0.26mmol)
wasaddedandstirredat reflux for threedays.An
unidentified pale-gray solid was collected by
filtration. The solvent was removed from the
solution filtrate by rotatory evaporation. The
residuewas dispersedin Celite and purified by
chromatography on a silica-gel column. The
products were eluted stepwise in the following
order:thestartingmaterials,thedinuclearcomplex
(CH2Cl2) 2 (5%) and finally the tetranuclear
complex3 (40%)(CH2Cl2/EtOH,100:1).Analysis:
Calcd. (C44H52N12S4Pt4): C, 31.88; H, 3.16; N,
10.14;S,7.74.Found:C,31.67;H, 3.30;N, 9.95;S,
7.52%.IR: nmax3433,3373,1611,1583,700cmÿ1.
FAB MS: 1657.7 (M�), 1243.4 (M� ÿ
PtC11H13N3S),1015.9(M� ÿ PtC11H13N3Sÿ PtS).

Cell lines and culture conditions

HL-60 (humanpromyelocytic leukemialine) and
U-937 (humanpromonocyticleukemialine) were
cultured in RPMI (Rosenthal Park Memorial
Institute) 1640 medium supplementedwith 10%
FCS (fetal calf serum), 2 mM glutamine, 100
unitsmlÿ1 penicillin and 100mgmlÿ1 streptomy-
cin at 37°C in an atmosphereof 5% CO2. HL-60
and U-937 leukemic cells were passagedthree
times per weekshowinga doubling time between
16 and24h dependingon thecell line.

Cytotoxicity of the drugs

Cell proliferationwasevaluatedby a systembased
on the tetrazolium compound MTT which is
reducedby living cells to yield a solubleformazan
productthatcanbeassayedcolorimetrically.28 The
cells were plated in 96-well sterile plates at a
densityof 104 cells/well in 100ml of mediumand
incubatedfor 3–4h. Thecompoundswereaddedto
final concentrationsrangingfrom 0 to 100mM in a
volumeof 100ml/well. After an incubationperiod
of 20h,50ml of afreshlydilutedMTT solution(1:5
in culturemedium)wasaddedat aconcentrationof
1 mgmlÿ1 to each well. Then the plates were
incubatedfor 5 h at 37°C in a humidified5% CO2
atmosphere. Cell survival was evaluated by
measuring the absorbanceat 520nm, using a
Whittaker Microplate Reader 2001. The IC50
valueswerecalculatedfrom curvesconstructedby
plotting cell survival (%) versuscompoundcon-
centration (mM). All experimentswere done in
quadruplicate.

Formation of drug±DNA complexes

cis-DDP [cis-diamminedichloroplatinum(II)] was
dissolvedin PBS (phosphate-bufferedsaline)and
compounds2 and3 weredisolvedin ethanol.Stock
solutions(1mgmlÿ1) werefreshlypreparedbefore
use.

The drug–DNA complexes were formed by
addition to CT DNA or PBR322DNA of aliquots
of eachof the compoundsat different concentra-
tionsin TE buffer(10mM Tris�HCl, 0.1mM EDTA,
pH 7.4). The amountof eachcompoundaddedto
the DNA solution was expressedas r i (the input
molar ratio of Pt to nucleotides).The mixture was
incubatedat 37°C for the variousperiodsof time
indicatedbelow. The unreactedcompoundswere
separatedfrom the mixture by precipitationof the
DNA with 2.5volumesof ethanoland0.3M sodium
acetate(NaOAc),pH 4.8.

Quanti®cation of platinum binding
to DNA

A 20mg mlÿ1 solutionof CT DNA in TE bufferwas
incubatedat 37°C with theplatinumcompoundsat
r i = 0.1. Aliquots of 250ml were collected at
15min, 1 h, 5 h, 16h and 24h. The DNA was
afterwardsprecipitatedtwice with 2.5 volumesof
coldethanoland0.1volumeof 3M NaOAc,pH 4.8.
The DNA was washed with 70% ethanol and
resuspendedin 1 ml of TE buffer. The amountof
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DNA in each sample was measuredby UV
spectrophotometry (Beckman Acta cIII) at
260nm. Platinumboundto DNA was determined
by total X-ray fluorescence(TXRF) usinga Seifert
EXTRA-II apparatus.The platinum background
level was also determinedon DNA that had not
beenincubatedwith the drugsand on DNA–drug
mixturesprecipitatedby ethanolimmediatelyafter
additionof the compounds.The assaysweredone
in triplicate.

Gel electrophoresis of drug±pBR322
complexes

pBR322 DNA aliquots (50mg mlÿ1) were incu-
bated with the platinum compoundsin a buffer
solutioncontaining50mM NaCl, 10mM Tris�HCl,
pH 7.4, and0.1mM EDTA at severalvaluesof r i.
Incubationswere performedin the dark at 37°C,
then 20ml aliquots of the drug–DNA complexes

containing1mg of DNA were subjectedto 1.5%
agarosegelelectrophoresisfor 16h at25V in TAE
buffer (Tris–acetate40mM, 2 mM, EDTA pH 8.0).
The DNA was stained in the same buffer but
containing ethidium bromide (0.5mg mlÿ1). The
gels were photographedwith an MP-4 Polaroid
camerausing a 665 Polaroid film and an orange
filter.

RESULTS AND DISCUSSION

Synthesis of the complexes

Therouteof synthesisof platinumcomplexes2 and
3 from the p-is.TSCN (1) ligand is depicted in
Scheme1. The IR and 1H and 13C NMR spectra
from the complexesobtained in the reaction of
[Pt(m-Cl)(Z3-C4H7)]2 and2 equiv.of p-is.TSCNare
identical to thosepreviously reported.23 We have
observedthat treatmentof complex2 in MeOH at
60°C for four daysproducescomplex3, indicating
that complex2 is an intermediatein the orthome-
tallation reactionwhich resultsin the formationof
complex3.

Antileukemic activity in vitro

Table 1 shows the IC50 values of compound2,
complex3, cis-DDP andp-is.TSCN(compound1)

Scheme1 Synthesisroutefor compounds2 and3 from compound1.

Table 1 IC50 valuesobtainedfor compounds1, 2 and3 and
cis-DDP againstHL-60 andU-937humanleukemiccells

IC50� SD (mM)

Compound HL-60 U-937

1 87� 6 94� 4
2 30� 4 45� 7
3 20� 2 24� 3
CDDP 7� 1 22� 3
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againstHL60 and U937 humanleukemiccells. It
canbe observedthat compound3 hasa cytotoxic
activity slightly higher than that of compound2
(IC50 valuesof 20mM and24mM versus30mM and
45mM, respectively). Moreover, the, cytotoxic
activity of compounds2 and3 is similar thanthat
of cis-DDP (IC50 valuesof 7mM and 22mM). In
contrast,it is interestingto note that compound1
haspoorcytotoxic activity in thesecell lines (IC50
values of 87mM and 94mM). Thus, theseresults
suggestthat the coordination of the p-is.TSCN
ligand to the Pt(II) atom enhancesthe biological
activity of the thiosemicarbazone.

Platinum binding to DNA

Table2 showsthepercentageof platinumboundto
DNA after several periods of incubation with
compounds2, 3 and cis-DDP at r i = 0.1. It was
observedthat after 24h the level of DNA platina-
tion producedby compounds2 and3 wassimilar to
that produced by cis-DDP (96, 98 and 98%,
respectively)indicating that most of the platinum
centerswere boundto DNA. Moreover,platinum
binding to DNA reachesa plateaubetween16 and
24h of incubationwith the compounds.A simple
calculation indicatesthat in theseconditionsone
platinum atom binds every 10 nucleotides.It was
alsoobservedthat the kineticsof DNA platination
due to compounds2 and 3 is faster than that of
cisplatin. In fact, after 1 h of incubation with
compounds2 and3 theamountboundto DNA is 25
and27%,respectively,in contrastwith 15%for cis-
DDP.Wethink thatthecytotoxicactivity displayed
by compounds2 and3 may be correlatedwith the
high level of DNA binding shown by these
compoundsDNA doesnot necessarilycausecell
deathfrom MTT assay.

Interaction with supercoiled DNA

Theeffectof thebindingof compounds2 and3 on

DNA tertiary structurewas determinedby their
ability to shift the electrophoreticmobility of the
covalentlyclosedcircular (ccc) and opencircular
(oc) forms of pBR322 plasmid DNA. Figure 1
showstheelectrophoreticmobility patternof native
pBR322 plasmid DNA and of PBR322 plasmid
DNA incubatedwith compounds2 and3 at r i = 0.1
and0.2andwith p-is.TSCNandcis-DDPat r i = 0.2.
It maybeobservedthatcompounds2 and3 do not
vary the mobility of the ccc and oc forms of
pBR322DNA atbothr i values(lanes2, 3, 4 and5).
In the sameway. the p-is.TSCN ligand doesnot
seemto alterthemobility of thecccandocformsof
pBR322DNA (lane 7). In contrast,incubationof
pBR322DNA with cis-DDP at r i = 0.2 leadsto a
decreasein the electrophoreticmobility of the ccc
forms andto an increasein the mobility of the oc
form (lane6). It hasbeenpreviouslyreportedthat
cis-DDP bindingto ccc formsinducesuncoilingof
theDNA superhelix,resultingin a lossof negative
supercoils,and therefore a decreasein electro-
phoreticmobility. Moreover,bindingof cis-DDPto
oc forms induces a DNA ‘shortening’ effect,
leadingto anincreasein electrophoreticmobility.29

Thus,thefact thatbindingof compounds2 and3 to
pBR322DNA doesnot changethe electrophoretic
mobility of either oc nor ccc forms of pBR322
DNA indicatesthat compound2–DNA and com-
pound3–DNA adductsmay stabilize, rather than
unwindingplasmidDNA. Thus,the absenceof an
unwindingeffectafterbindingof compounds2 and
3 to supercoiledDNA supportsthe results pre-

Table 2 Percentageof platinumboundto DNA after several
periodsof incubationwith compounds2 and3 andcis-DDP at
r i = 0.1 asmeasuredby TXRF

Platinumboundto DNA (%)a

Compound 1 h 5 h 10 h 16 h 24 h

2 25 30 59 95 96
3 27 32 62 96 98
CDDP 15 25 48 90 98

a Percentagesrepresent the mean from three independent
experiments.Standarddeviations� 5% of themeanvalues.

Figure 1 Changesin the electrophoreticmobility of the ccc
andoc formsof pBR322plasmidDNA after24h of incubation
with compounds2 (c2) and3 (c3) at r i = 0.1 and0.2,andwith
TSCN and cis-DDP at r i = 0.2 (oc, open circular form; ccc,
covalentlyclosedcircular form; c, unmodifiedcontrol DNA).
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viously reportedin linear plasmidDNA indicating
that compounds2 and 3 form DNA interhelical
crosslinkslocatedat twistsof thesuperhelix.17,23

In summary,the facts that compounds2 and 3
bindto thesameextentto DNA and,moreover,that
they show similar cytotoxic activity indicate that
the cyclometallation processmaintains the bio-
chemicalpropertiesobservedin the M–Cl bridged
arrangement.
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