
Organometallic Complexes with Biological
Molecules: XII. Solid-state and Solution
Studies on Dialkyltin(IV)± and Trialkyltin(IV)±
thiaminepyrophosphate Derivatives
T. Fiore1, C. Pellerito1, A. Fontana1, F. Triolo1², F. Maggio1, L. Pellerito1*, A.
Cestelli2 and I. Di Liegro2

1Dipartimento di Chimica Inorganica, Universita` di Palermo, Viale delle Scienze, Parco D’Orleans, 90128
Palermo, Italy
2Dipartimento di Biologia Cellulare e dello Sviluppo ‘A. Monroy’, Universita` di Palermo, Viale delle
Scienze, Parco D’Orleans, 90128 Palermo, Italy

Dialkyltin(IV) and trialkyltin(IV) derivatives of
the coenzyme thiaminepyrophosphate (H2TPP)
have been synthesized with general formula
R2Sn(HTPP)2�nH2O (Alk = Me, n = 2; Alk = Bu,
n = 4) and R3SnHTPP�nH2O (R=Me, n = 2;
R = Bu, n = 1), respectively. The solid-state
structure of the complexes has been investigated
through infrared and Mö ssbauer spectroscopy.

The infrared data suggest the involvement of
only phosphate oxygen atoms in the coordination
of both dialkyl- and trialkyl-tin(IV) moieties,
with phosphate anions behaving as monoanionic
bidentate bridging or chelating groups, with the
tin(IV) involved in six- and five-fold coordina-
tion geometries, respectively, in
R2Sn(HTPP)2�nH2O (R = Me, n = 2; R = Bu,
n = 4) and R3SnHTPP�nH2O (R = Me, n = 2;
R = Bu, n = 1). The 119Sn Mössbauer data, and
in particular rationalization of the experimental
nuclear quadrupole splittings, D, through the
point-charge model formalism, suggests the
occurrence of an octahedral trans-R2 structure
in R2Sn(HTPP)2�nH2O (R = Me, n = 2; R = Bu,
n = 4) and a trigonal-bipyramidal structure in
R3SnHTPP�nH2O (R = Me, n = 2; R = Bu, n = 1).
1H and 13C NMR spectra, in D2O, suggested that
the soluble derivatives, at room temperature, in
solution, maintained the solid-state structure.

The interactions of dibutyltin(IV)–thia-
minepyrophosphate(DBTPP)andtributyltin(IV)
–thiaminepyrophosphate (TBTPP) complexes

with Bluescript KS(�) plasmid and immorta-
lized 3T3 fibroblasts were studied.

Both compounds have a clear inhibitory effect
on the growth of immortalized mouse embryonal
fibroblasts (NIH-3T3), TBTPP being the much
more active. No evidence was found, however,
for DNA cleavage by the compounds at molar
ratios as high as 1:10 (DBTPP, TBTPP/DNA
base pairs). According to our observations, the
cytotoxicity of TBTPP does not seem to be based
on direct interaction with DNA, but in the
presence of TBTPP (1:10, TBTPP/DNA bp),
plasmid DNA seems to be more susceptible to
cleavage by UV. Copyright# 1999 John Wiley
& Sons, Ltd.
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INTRODUCTION

Many molecules present in living systems contain
phosphate groups involved in the coordination of
metal ions, naturally or accidentally occurring in
the cells or in the biological fluids. If other,
different, donor atoms are present in such mol-
ecules, competition may occur between the oxygen
atoms of the phosphate groups and the other donor
atoms, which are mostly nitrogen.

An interesting phosphate-containing molecule is
represented by thiaminepyrophosphate (H2TPP)
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(cocarboxylase),Fig.1,acharacteristiccofactorfor
severalenzymes,which, in thepresenceof divalent
metal ions [magnesium(II), manganese(II)etc.],
functionsas a covalentcatalyst in enzymic reac-
tions involving the apparent formation of acyl
carbanions.1 As an example,in the conversionof
pyruvateto carbondioxide and acetaldehyde,the
intermediateformedfrom the additionof pyruvate
to H2TPP is decarboxylatedto give the adductof
acetaldehyde, 2-(1-hydroxyethyl)thiaminepyro-
phosphate(H2ETPP).2,3

In order to understandthe mechanismof the
enzymicreaction,it is importantto establishwith
which part of the thiaminepyrophosphatethe
interactionwith themetal ionsoccurred.

Recently,Lindqvist4 andcoworkersreportedthe
X-ray crystal structureof calcium–thiaminepyro-
phosphate,according to which the metal ion
coordinatesthe pyrophosphategroupanddoesnot
reactwith otherpartsof thecoenzyme

Rhodium(III) complexesof thiaminepyrophos-
phateandof 2-(1-hydroxyethyl)thiaminepyrophos-
phatewerecharacterizedby 1H, 13C and31P NMR.

Doubletsin 31P NMR spectraindicatebidentate
coordinationto rhodium(III) at the pyrophosphate
moiety,while the 1H and13C NMR signalsfor the
pyrimidine groupareessentiallythe sameasthose
of the same group in uncomplexed H2TPP,

establishingthat the pyrimidine position N(1') is
not coordinatedto themetal ion.5

Thebroadeningof resonancelinesin theNMR of
thiaminepyrophosphateby manganese(II)hasbeen
usedto calculatevaluesfor the transverserelaxa-
tion times T2. Subsequently,the longitudinal
relaxation times T1 were determined by using
progressivepowersaturation,alsoby FT NMR.

Since the paramagneticcontribution to T2
ÿ1 is

always larger than to T1
ÿ1, T1 was free of scalar

quantitiesand therefore it was used to evaluate
internucleardistancesaccordingto the Solomon–
Bloembergen6,7 relationshipandhenceto establish,
the folded structure, from which, according to
Grandeet al., manganese(II)binds thiaminepyro-
phosphate (H2TPP) through its pyrophosphate
group.8

The samekind of coordinationwasclaimedby
Williams and Baran to exist9 in VO2�TPP com-
plexes,in the pH range3–4, using spectrophoto-
metrictechniques,while athigherpH, coordination
throughN(1') of thepyrimidinering of thethiamine
residuewassuggestedby thesameauthors.9

Khan and Rao,10 studying copper(II)-catalyzed
hydrolysis of H2TPP to thiaminemonophosphate
and phosphate,proposedcoordinationof both the
phosphatesof the pyrophosphategroup together
with N(1') of thepyrimidine ring.

EXPERIMENTAL

Chemical syntheses

R2Sn(HTPP)2�nH2O and R3SnHTPP�nH2O com-
plexes (Table 1), were obtained by refluxing
methanolicsuspensionsof the thiaminepyrophos-
phate (H2TPP�4H2O) (4 mmol in 50cm3) and

Table 1 Analytical data(calculatedvaluesin parentheses)of thiaminepyrophosphate–organotin(IV)complexes

Compounda C (%) H (%) N (%) S(%) Peaktemperature,( °C) Total H2O loss(%)

Me2Sn(HTPP)2�2H2O 30.21 4.09 10.44 6.16 62 2.38
(30.60) (4.05) (10.98) (6.28) (2.60)

Bu2Sn(HTPP)2�4H2O 34.22 4.67 9.85 5.30 68 6.26
(33.43) (5.08) (9.75) (5.57) (6.78)

Me3SnHTPP�2H2O 28.60 4.38 8.91 4.92 47; 69 5.78
(28.91) (4.85) (8.99) (5.15) (6.13)

Bu3SnHTPP�H2O 40.17 6.53 8.04 4.39 30; 50; 75 3.79
(39.41) (6.34) (7.66) (4.38) (2.46)

a Thiaminepyrophosphate= H2TPP�4H2O: peaktemperature122°C, experimental(calculated)waterloss= 15.18%(14.51%).

Figure 1 Thiaminepyrophosphate(H2TPP),with thenumber-
ing schemereferredto in NMR assignments(accordingto Ref.
31).
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dimethyltin(IV) oxide (2 mmol), dibutyltin(IV)ox-
ide (2 mmol), bis[tributyltin(IV)]oxide (2 mmol)
and trimethyltin(IV)hydroxide (4 mmol), respec-
tively, accordingEqns[1]–[3]

2H2TPP� R2SnO! R2Sn(HTPP)2� H2O

(R = Me, Bu) �1�
2H2TPP� �Bu3Sn�2O! 2Bu3SnHTPP� H2O �2�

H2TPP�Me3SnOH! Me3SnHTPP� H2O �3�
R2SnO (R = Me, Bu), (Bu3Sn)2O and Me3SnOH
were freshly preparedby hydrolysis of aqueous
solutions of the parent organotin(IV) chlorides
R2SnCl2 andR3SnCl(R = Me,Bu) whichweregifts
from Witco GmbH,Bergkamen,Germany,accord-
ing to standardprocedures.11

The white precipitateswererecoveredby filtra-
tion andrecrystallizedfrom absoluteethanol.

Analytical methods

TG measurements(Table1), wereperformedusing
a TA-3000 Mettler system in a pure nitrogen
atmosphere.Theresultsof TG analysis,carriedout
up to 600°C, suggest the presenceof water
moleculesnot involved in coordinationof tin(IV)
atoms,12–17 in all the investigatedthiaminepyro-
phosphate–alkyltin(IV) complexes, namely
R2Sn(HTPP)2�nH2O andR3SnHTPP�nH2O.

IR spectrawere recorded,as Nujol and hexa-
chlorobutadienemulls, on a Perkin-Elmergrating
spectrometermodel983G,betweenCsl windows.

The spectrawere analyzedthrough a Perkin-
Elmer 3600datastationwith Perkin-ElmerPE983
software(Table2).

119Sn Mössbauer spectra (Table 3) were
measuredwith a multichannelanalyzer(TAKES
model 639, Ponteranica,Bergamo, Italy) and
Wissenschaftliche Elektronik system (MWE,
München, Germany) consisting of an MR250
driving unit, an FG2digital-functiongeneratorand
an MA250 velocity transducer,moved at linear
velocity andconstantacceleration,in a triangular
waveform.Theliquid-nitrogentemperaturespectra
were obtained using a DN700 liquid-nitrogen
cryostatwith aDN1726sampleholderandamodel
ITC 502 temperature controller from Oxford
Instruments,Oxford, UK. The temperaturecontrol
wasbetterthan�0.1K. The multichannelcalibra-
tion wasperformedwith anenrichediron foil (57Fe
95.2%,thickness0.06mm; Dupont,MA, USA), at
room temperature, using a 57Co–Pd source
(10mCi; Dupont,MA, USA), while thezeropoint
of theDopplervelocity scalehadbeendetermined,
at roomtemperature,throughabsorptionspectraof
natural CaSnO3 (119Sn= 0.5mg cmÿ2) and a Ba
119SnO3 source(10mCi; Amersham,UK).

The1H and13C NMR spectrawererecordedwith
a Bruker AC250E spectrometer,operating at
5.87T.

TheD2O,usedfor theNMR measurementswasa
Merck (Darmstadt,Germany) UVASOL reagent
(>99.9% deuteriation) and was used for field-
frequency lock and as a reference (1H,
� = 2.57ppm;13C, � = 39.7ppm).Thespectrawere
recorded at room temperature(298K) and the

Table 3 ExperimentalMössbauerparameters,isomer shift, d (mmsÿ1), and nuclearquadrupolesplittings,Dexp
(mmsÿ), measuredat liquid-N2 temperature,andnuclearquadrupolesplittings,Dcalcd, calculatedaccordingto thepoint
chargeformalismappliedto the idealizedstructuresof Figs2(A andB)a

Compound db Dexp
c ÿ1 ÿ2

C-Sn-Cangle� 13
(deg) Dcalcd

d Idealizedstructure

Me2Sn(HTPP)2�2H2O 1.25 4.28 0.98 0.92 180 ÿ3.98 Fig. 2(A)
Bu2Sn(HTPP)2�4H2O 1.38 3.53 0.92 0.95 143 ÿ3.98 Fig. 2(A)
Me3SnHTPP�2H2O 1.27 3.58 0.97 0.94 ÿ3.26 Fig. 2(B)
Bu3SnHTPP�H2O 1.42 3.54 0.95 0.95 ÿ3.26 Fig. 2(B)

a Samplethicknessrangedbetween0.50and0.60mg119Sncmÿ2.
b Isomershift, � � 0.03mmsÿ1 with respectto room-temperatureBaSnO3.
c Dexp� 0.02,mmsÿ1.
d Regulartrigonal-bipyramidalor trans-R2 octahedralstructuresof Fig. 2(A, B) areassumedto estimatethe nuclearquadrupole
splittingsaccordingto the point-chargemodel.The p.q.s.valuesused(mmsÿ1) were (seerefs. 28, 29): (1) trigonal-bipyramidal
structure:{R} tbe=ÿ1.13(R = Me,Bu; Ref.28);{P—O} tba=ÿ0.0325(calculatedfrom Ref.29);{P—O} tbe= 0.015(calculatedfrom
Ref. 29); (2) trans-R2 octahedralstructure:([R]—[Cl]) oct =ÿ1.03 (R = Me, Bu; Ref. 28); ({P—O]—[Cl]) oct =ÿ0.036(calculated
from Ref. 29).

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 705–714(1999)
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sampleswere prepared immediately before the
measurement(Tables4, 5)

Biological studies

Cell cultures and effectsof organotin(IV)
derivatives on cell growth
Cell culture conditions were essentially as de-
scribedpreviously,18 with minor modifications.In
detail, culturedmouseembryonicfibroblasts(NIH
3T3) were harvestedand detachedfrom subcon-
fluent culture by successiverinsing with PBS0

(Ca2�/Mg2�-free phosphate-buffered saline),
1.0� 10ÿ6 mol dmÿ3 EDTA in PBS0 and
1.0� 10ÿ6 mol dmÿ3 EDTA in PBS0 containing
5 mgcmÿ3 trypsin.

Cellswerecountedandplatedat a concentration
of (1.0–2.0)� 105 cells/25cm2 flask in DME
(Dulbecco’s modified Eagle’s medium; Sigma,
MO, USA), supplemented with antibiotics
(40mgdmÿ3 penicillin, 8 mgdmÿ3 ampicillin,
90mgdmÿ3 streptomycin;Sigma) and 10% fetal
calf serum(Gibco, Italy).

Cellswereculturedat 37°C in a humid5% CO2
atmosphere.After 24h (the optimal time for the
cells to adhereto theflasksurface),filter-sterilized
dialkyltin(IV)– and trialkyltin(IV)–thiaminepyro-
phosphatederivativesolutions(DMSO0.7%)were
addedto the medium at different concentrations
(rangingfrom 1.0� 10ÿ9 to 1.0� 10ÿ6 mol dmÿ3).

After incubation(rangingfrom 0.5 to 24h), the
medium was changedand cells were grown for
additional 48h. Untreatedcells, and cells treated
only with the solvent (DMSO 0.7%) or with the
parent chemical compounds[i.e. thiaminepyro-

phosphate or dialkyltin(IV) and trialkytin(IV)
chlorides]wereusedascontrols.

To measurethe cell toxicity of the compounds,
cells,treatedasdescribedabove,wereharvestedby
trypsinization,pelletedand lyzed in 0.1mol dmÿ3

NaOH at 50°C for 90min, and the absorbanceof
the solutionwasthenmeasuredat 260nm usinga
DU-65 spectrophotometer (Beckman,CA, USA),
asdescribedby Di Liegro et al.19

Electrophoretic analysisof DNA/H2TPP�4H2O,
Bu2Sn(HTPP)2�4H2O and Bu3SnHTPP�H2O
mixtures
EithertheBu2Sn(HTPP)2�4H2O,Bu3SnHTPP�H2O,
or the control H2TPP�4H2O itself, wasmixed with
BluescriptplasmidDNA (Stratagene,CA, USA),at
threedifferent molar ratios (1:10, 1:50 and 1:100
butyltin(IV)–thiaminepyrophosphate complex/
DNA basepairs,bp). After 30–60min of preincu-
bation at room temperature,the mixtures were
analyzedby gel electrophoresison 1% agarosein
1� 10ÿ2 mol dmÿ3 Hepes[4-(2-hydroxyethyl)-1-
piperazine-ethanesulfonicacid], pH 7.4.

In some experiments,before running the gel,
DNA/butyltin(IV)–thiaminepyrophosphate com-
plexes were exposed to a Spectroline UV
(254nm) lamp (Aldrich Chemical Co., Inc.) for
15–30min, at roomtemperature,to introducenicks
into theDNA doublehelix.

After runningat10–20mA for 4–6h, thegelwas
stainedin ethidiumbromide(2 mgcmÿ3 in distilled
water) for 20min, rinsed with water and photo-
graphedunderuv illumination througha redfilter.

RESULTS AND DISCUSSION

IR data

In the IR spectra of all the dialkyltin(IV)–and
trialkytin(IV)–thiaminepyrophosphatederivatives,
very strong and broad bandswere presentin the
range3400–3100cmÿ1 which couldbeascribedto
NH2 stretchingwith partial contributionsof OH
stretching of H-bonded H2O molecules,20 in
agreementwith theTGA information.

The biggest changes in the IR spectra on
coordination comparedwith free thiaminepyro-
phosphateoccurredin the regions1100–900and
600–500cmÿ1, rangesin which PO3 stretchingof
the pyrophosphategroups normally occur21,22

(Table 2). In the latter rangevariationsoccurred
alsofor thepresenceof symmetricandasymmetric

Figure 2 Regularstructuresof tin assumedto estimatethe
nuclear quadrupolesplittings according to the point-charge
model formalism (Table 3) for R2Sn(HTPP)2�nH2O (R = Me,
n = 2; R = Bu, n = 4) and R3SnHTPP�nH2O (R = Me, n = 2;
R = Bu, n = 1), respectively.The partial quadrupolesplittings
(pqs)(mmsÿ1) usedin thecalculationsarereportedin Table3.

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 705–714(1999)
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SnC2 vibrations. The above mentionedevidence
strongly supports the involvement of only the
pyrophosphategroupsin coordinatingto thetin(IV)
atom of the dialkyltin(IV) and trialkyltin(IV)
moieties.

MoÈ ssbauer spectra

Thecoordinationpolyhedrafor thecomplexeswas

inferredfrom Mössbauerspectraat liquid-nitrogen
temperatureand by extracting the experimental
quadrupole splittings Dexp, mmsÿ1 (Table 3),
togetherwith the isomershifts, calculatedC-Sn-C
anglesfor the dialkyltin(IV) derivativesand cal-
culatedDcalc for both dialkyltin(IV) and trialkyl-
tin(IV) complexes,by the rationalization of the
experimentalDexp according to the point-charge
modelformalismappliedto theidealizedstructures

Table 4 1H NMR data for thiaminepyrophosphate H2TPP, dialkyltin(IV)–thiaminepyrophosphate
R2Sn(HTPP)2�nH2O (R = Me, n = 2; R = Bu, n = 4), andtrimethyltin(IV)–thiaminepyrophosphateMe3SnHTPP�2H2O
derivativesin D2O solutiona

Assignment/Compound H2TPP�4H2O
b Me2Sn(HTPP)2�2H2O Bu2Sn(HTPP)2�4H2O Me3SnHTPP�2H2O

C2—H 9.60 9.60 9.60 9.58
C6'—H 7.86 7.94 7.94 7.96
C5'—CH2 5.50 5.53 5.53 5.53
O—CH2 4.07(q) 4.21(q) 4.19(q) 4.16(m)
C5—CH2 3.21(t) 3.34(t) 3.33(t) 3.33(t)
C4—CH3 2.60 2.58 2.59 2.57(t)
C2'—CH3 2.50 2.56 2.56 2.39
Sn—Bu 1.64–0.88
Sn—CH3 0.93 0.55
2J(119Sn1H) 98.4 68.7
C—Sn—C 159.4 117.8
2J(117Sn1H) 66.1
C—Sn—C 116.2

a Couplingconstantsto tin, in parentheses,arein Hz; B0 = 5.87T; T = 298K; d, ppmfrom TMS.
b Thiaminepyrophosphate= H2TPP�4H2O; abbreviations:t = triplet; q = quartet; m = multiplet. The numberingof the atoms is
accordingto Ref. 31.

Table 5 13C NMR data for thiaminepyrophosphate H2TPP, dialkyltin(IV)–thiaminepyrophosphate
R2Sn(HTPP)2�nH2O (R = Me, n = 2; R = Bu, n = 4), and trimethyltin(IV)thiaminepyrophosphateMe3SnHTPP�2H2O
derivativesin D2O solutiona

Assignment/Compound H2TPP�4H2O
b Me2Sn(HTPP)2�2H2O Bu2Sn(HTPP)2�4H2O Me3SnHTPP�2H2O

C2' 167.72 167.54 167.23 168.26
C4' 165.43 165.33 165.43 165.70
C2 157.42 157.42 151.05 153.07
C6' 150.69 150.55 149.76 150.15
C4 145.78 146.08 146.02 146.36
C5 138.35 138.27 138.45 138.90
C5' 109.00 108.65 108.79 108.94
5b CH2 62.14 67.67 67.53 67.75(q)
BridgedCH2 52.36 52.93 52.85 53.15(t)
5a CH2 25.05 30.20 30.18 30.85(q)
2'CH3 24.45 24.53 24.35 26.14(q)
4'CH3 13.59 13.85 13.85 13.23(q)
Sn-R 0.95 28.90,28.66,

23.83,15.64
3.04

a B0 = 5.87T; T = 298K; d, ppmfrom TMS.
b Thiaminepyrophosphate= H2TPP�4H2O; abbreviations.t = triplet; q = quartet.Thenumberingof theatomsis accordingto Ref.31.

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 705–714(1999)
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of Figs 2(A and B).23–28 The comparison of
experimentaland calculated nuclear quadrupole
resonances,Dexp and Dcalc, reported in Table 3

showsthattheirdifferencewaswithin thetolerance
limit of the method, �0.4mmsÿ1), suggesting
trans-R2 octahedral configurations. The isomer
shifts are characteristicof covalent bonds and
reflectthemeaningof theparameter.

1H and 13C NMR

The 1H and13C NMR measurementswerecarried
out in D2O (Tables4 and5). The1H and13C datain
thecomplexesdid not showsignificantshiftsof the
atoms(H or C) of thepyrimidineandof thethiazole
groups,30,31 which excludedany involvement of
bothgroupsin coordinatingthetin(IV) atomsof the
alkytin(IV) moieties.On theotherhand,theabove
findingsare in agreementwith the involvementof
the oxygen atoms of the phosphategroups in
coordination of the alkytin(IV) moieties, which
would rule out electronic effects on both the
hydrogenandcarbonatomsof the pyrimidine and
of the thiazolegroups.

The methyltin(IV) moiety of both
Me2Sn(HTPP)2�2H2O and Me3SnHTPP�2H2O
showedcouplingconstants2J(1H–119Sn), Table4,
whichmayberelatedto thecoordinationnumberof
the tin atom and to the C-Sn-C angles of the
organometallicmoiety.

The equations of Lockhart and Mander,32

Figure 3 Effects of 6 h of incubation of 3T3 cells with
different compounds,(1) untreatedcells; (2) cells treated
with dimethyl sulfoxide; (3) H2TPP; (4) Me2Sn(HTPP)2�
H2O; (5) Bu2Sn(HTPP)2�4H2O; (6) Me3SnHTPP�2H2O; (7)
Bu3SnHTPP�H2O. In samples4–7,thevariouscompoundswere
usedat a concentrationof 1.6� 10ÿ6 mol dmÿ3.

Figure 4 Dosedependenceof the effects on the growth of
3T3 cells treatedfor 6 h with Bu3SnHTPP�H2O solutions.

Figure 5 Time dependenceof theeffectson 3T3 cell growth
of 1.00� 0ÿ6 mol dmÿ3 solutions of Bu3SnHTPP�H2O (*),
Bu3SnCl(&) andH2TPP(~) (in thesetwo lattercasesonly the
effect of 24h of treatmentis reported).
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relating 2J(1H–119Sn) and the geometry of the
organometallic moiety were therefore used to
evaluate the C-Sn-C angles in
Me2Sn(HTPP)2�2H2O and Me3SnHTPP�2H2O,
which were found to be 159.4° and 117.8°,
respectively (Table 4). These results tend to
confirm that both Me2Sn(HTPP)2�2H2O and
Me3SnHTPP�2H2O maintain in D2O their solid-
stateconfigurations,in particularslightly distorted
octahedral trans-Me2 geometry

Me2Sn(HTPP)2�2H2O and eq-Me3 trigonal-bipyr-
amidal around the central tin atom in
Me3SnHTPP�2H2O.

Finally, 1H and 13C NMR spectra of
Bu3SnHTPP�H2O were not recorded, owing to
low solubility of this complexin D2O.

Effects of organotin(IV) derivatives
of H2TPP on cell growth

3T3 cells were treatedas describedunder‘Biolo-
gical studies’in theExperimentalsection.Figure3
showsthe resultsof control experimentsrun with
the solvent (DMSO), or with thiaminepyrophos-
phate (H2TPP), compared with organotin(IV)
derivativesof H2TPP. The first two compounds
(DMSO and H2TPP) did not have any effect on
cell growth. We did not notice any effects even
after 24h of incubation.Among the alkyltin(IV)–
thiaminepyrophosphatecompounds tested, after
6 h of incubation Me2Sn(HTPP)2�H2O and
Me3SnHTPP�2H2O did not haveany effect, while
Bu2Sn(HTPP)2�4H2O and Bu3SnHTPP�H2O, at
1.0� 10ÿ6 mol dmÿ3 concentration,inhibited cell
growth by 30% and 50%, respectively.The dose
dependenceof 6 h of incubationof 3T3 cells with
themostactivecompound,i.e.Bu3SnHTPP�H2O, is
shown in Fig. 4. A significant inhibition of cell
growth occurred only at 1.0� 10ÿ6 mol dmÿ3.
Figure5 showsthetime dependenceof cell growth
on Bu3SnHTPP�H2O at a concentration of

Figure 6 Electrophoretic analysis of Bluescript plasmid
mixed with different amountsof H2TPP (lanes2–4), DBTPP
(lanes5–7) or TBTPP(lanes8–10),at molar ratios(DNA bp/
compound)of 100:1(lanes2,5 and8),50:1(lanes3,6 and9) or
10:1 (lanes 4, 7 and 10). In lane 1, untreatedplasmid was
electrophoresedascontrol (C).

Figure 7 Electrophoretic analysis of Bluescript plasmid
mixedwith H2TPP(lanes3, 4), DBTPP(lanes5, 6) or TBTPP
(lanes7, 8), at molar ratiosof 10:1 DNA bp/compound.After
30min of DNA compoundinteraction at room temperature,
mixtures were incubatedfor an additional 15min, at room
temperature,with (�) or without (ÿ) UV irradiation(254nm).
Naked DNA, treated(�) or not (ÿ) with UV, was electro-
phoresedascontrol (C: lanes1, 2). C, relaxedcircularplasmid
DNA; L, linear plasmidDNA; S, supercoiledplasmidDNA.

Figure 8 Electrophoretic analysis of Bluescript plasmid
mixedwith H2TPP(lanes3, 4), DBTPP(lanes5, 6) or TBTPP
(lanes7, 8), at molar ratiosof 10:1 DNA bp/compound.After
30min of DNA/compoundinteraction at room temperature,
mixtures were incubatedfor an additional 30min, at room
temperature,with (�) or without (ÿ) UV. irradiation(254nm).
Naked DNA, treated(�) or not (ÿ) with UV, was electro-
phoresedascontrol (C, lanes1, 2). C, relaxedcircularplasmid
DNA; S, supercoiledplasmidDNA.
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1.0� 10ÿ6 mol dmÿ3. A significant effect was
already evident after 1 h of incubation, reaching
the maximum inhibitory effect at 24h. As a
consequence,the percentageof surviving cells
was rather low (32%). Comparisonwith parent
compounds(i.e. Bu3SnCl and H2TPP, at 24h)
revealsthatwhile H2TPPdid nothaveanyeffecton
cell growth, Bu3SnCl was extremely toxic, as
alreadydescribedin the literature.17,18 The inhibi-
tory activity of the tributyltin(IV) derivative is
modulatedby thepresenceof theH2TPP.

Electrophoretic analysis of DNA/
H2TPP�4H2O, Bu2Sn(HTPP)2�4H2O
and Bu3SnHTPP�H2O mixtures

Either dibutyltin(IV)–thiaminepyrophosphate
(DBTPP) or tributyltin(IV)–thiaminepyrophos-
phate(TBTPP), or the control thiaminepyrophos-
phate, H2TPP, itself, was mixed with plasmid
DNA; after at least 30min of incubation, the
mixtures were analyzedby agarosegel electro-
phoresis.Figure6 showsoneof thesegels.

No evidenceof DNA cleavageby thecompounds
was found, even at molar ratios as high as 1:10
(H2TPP derivative/DNA bp). Interestingly, how-
ever,in thepresenceof TBTPP(1:10TBTPP/DNA
bp),plasmidDNA seemedto bemoresusceptibleto
cleavageby UV. As shown in Fig. 7, the super-
coiled form of plasmid DNA (S) disappeared,as
expected,33 almost entirely after 15min of UV
treatment (lanes marked by even numbers),
whereas,asa resultof nicking, therelaxedcircular
form (C) increasedsignificantly;a high frequency
of nicking on both filamentsof the DNA double
helix shouldinducealsotheappearanceof relaxed
linearDNA (L); this wasindeedthecasefor all the
samples.However, the relative ratio of linear/
circular DNA was clearly higher for the TBTPP/
DNA complex(lane8). Theincreasedsensitivityof
the TBTPP/DNAcomplex(lane8) with respectto
either of the other complexes(lanes4 and 6) or
nakedDNA (lane 2) wasevenmoreevidentafter
30min of UV treatment(Fig. 8). Sensitivityto UV
wasclearlydose-dependentfor all thesamples;asa
consequencethe linear/circular DNA ratio was
higherafter30min thanaftera15min treatment.In
the caseof TBTPP/DNA complexes(lane 8), no
discretebandwasclearly visible after electrophor-
esis. This finding may be attributed to a higher
degreeof nicking inducinga continuoussmearof
DNA fragments.

In conclusion,the data presentedin this paper
demonstratecytotoxicity of TBTPP. Although

cytotoxicity does not seemto dependon direct
cleavageof DNA by the compound,our results
suggestthat TBTPP may enhancethe effects of
otherDNA-cleaving treatments,throughunknown
molecularmechanismsthat will deserveattention
in the future.
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