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Dialkyltin(IV) and trialkyltin(IV) derivatives of
the coenzyme thiaminepyrophosphate (LITPP)
have been synthesized with general formula
R,SN(HTPP)-nH,0 (Alk =Me, n=2; Alk=Bu,
n=4) and RsSNHTPP-nH,O (R=Me, n=2;
R=Bu, n=1), respectively. The solid-state
structure of the complexes has been investigated
through infrared and Mo 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
R,SN(HTPPL-NnH-O (R=Me, n=2; R=Bu,
n=4) and RsSNHTPP-nH,O (R=Me, n=2;
R =Bu, n=1). The ''°%n Méssbauer data, and
in particular rationalization of the experimental
nuclear quadrupole splittings, A, through the
point-charge model formalism, suggests the
occurrence of an octahedral trans-R structure
in R,SN(HTPP)-NH,O (R=Me, n=2; R=Bu,
n=4) and a trigonal-bipyramidal structure in
R3SNHTPP-nH,O (R=Me,n=2; R=Bu,n=1).
'H and *°C NMR spectra, in D,0, suggested that
the soluble derivatives, at room temperature, in
solution, maintained the solid-state structure.
The interactions of dibutyltin(IV)-thia-
minepyrophosphate (DBTPP) and tributyltin(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,TPP)
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Figure 1 Thiaminepyrophosphai@l,TPP),with thenumber-
ing schemaeferredto in NMR assignmentgaccordingto Ref.
31).

(cocarboxylase)ig. 1, acharacteristicofactorfor
severakenzymeswhich, in the presencef divalent
metal ions [magnesium(ll), manganese(ll)etc.],
functions as a covalentcatalystin enzymicreac-
tions involving the apparentformation of acyl
carbanions. As an example,in the conversionof
pyruvateto carbondioxide and acetaldehydethe
intermediateformedfrom the additionof pyruvate
to H,TPPis decarboxylatedo give the adductof
acetaldehyde, 2- (1 hydroxyethyl)thlammpyro—
phosphatéH,ETPP)?

In order to understandthe mechanismof the
enzymicreaction,it is importantto establishwith
which part of the thiaminepyrophosphatehe
interactionwith the metalions occurred.

Recently,Lindqvist' andcoworkersreportedthe
X-ray crystal structureof calcium—thiaminpyro-
phosphate,according to which the metal ion
coordinateghe pyrophosphatgroupanddoesnot
reactwith otherpartsof the coenzyme

Rhodium(lll) complexesof thiaminepyrophos-
phateandof 2-(1- hydroxyethyl)hlamm 3pyrophos—
phatewerecharacterlzedby H, *C and®*P NMR.

Doubletsin 3P NMR spectra|nd|cateb|dentate
coordinationto rhodlum(lll) at the pyrophosphate
moiety, while the *H and**C NMR signalsfor the
pyrimidine groupare essentiallythe sameasthose
of the same group in uncomplexed H,TPP,

establishingthat the pyrimidine position N(1') is
not coordinatedo the metalion.”

Thebroadeningf resonancénesin theNMR of
thiaminepyrophosphatey manganese(lihasbeen
usedto calculatevaluesfor the transverseelaxa-
tion times T,. Subsequently,the longitudinal
relaxation times T, were determined by using
progressivepowersaturationalsoby FT NMR

Sincethe paramagnetla:ontrlbutlonto T, !
alwayslargerthanto T, %, T, was free of scalar
gquantitiesand thereforeit was usedto evaluate
|nternucleardlstancesaccordmgto the Solomon-—
Bloembergeft’ relationshipandhenceto establish,
the folded structure, from which, according to
Grandeet al., manganese(llpinds thiaminepyro-
phosphate (HZTPP) through its pyrophosphate
group®

The samekind of coordinationwas claimed by
Williams and Baranto exist® in VO?*"TPP com-
plexes,in the pH range 3—4, using spectrophoto-
metrictechniqueswhile athigherpH, coordination
throughN(1) of the pyrimidinering of thethiamine
residuewas suggestedby the sameauthors’

Khan and Rao?° studying copper(ll)-catalged
hydrolysis of H,TPP to thiaminemonopbsphate
and phosphateproposedcoordinationof both the
phosphatesf the pyrophosphategroup together
with N(1) of the pyrimidinering.

EXPERIMENTAL

Chemical syntheses

RoSN(HTPP)-nH,O and RzSnHTPPnH,O com-
plexes (Table 1), were obtained by refluxing
methanolicsuspension®f the thlamlnepyrophos-
phate (H,TPP4H,0) (4mmol in 50cm®) and

Table 1 Analytical data(calculatedvaluesin parentheses)f thiaminepyrophosphate—organotin(l¥9pmplexes

Compound C (%) H (%) N (%) S(%) Peaktemperature(°C) Total H,O loss(%)
Me,Sn (HTPP)-2H,O 30.21 4.09 10.44 6.16 62 2.38
(30.60) (4.05) (10.98) (6.28) (2.60)
Bu,Sn (HTPP)}-4H,0O 34.22 4.67 9.85 5.30 68 6.26
(33.43) (5.08) (9.75) (5.57) (6.78)
MesSnHTPP2H,0 28.60 4.38 8.91 4.92 47;69 5.78
(28.91) (4.85) (8.99) (5.15) (6.13)
BusSnHTPPH,0O 40.17 6.53 8.04 4.39 30; 50; 75 3.79
(39.41) (6.34) (7.66) (4.38) (2.46)

@ ThiaminepyrophosphateH,TPP4H,0: peaktemperaturel 22°C, experimentafcalculated)waterloss= 15.18%(14.51%).

Copyright© 1999JohnWiley & Sons,Ltd.
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Table 3 ExperimentalMéssbauemparametersisomer shift, § (mms™?), and nuclearquadrupolesplittings, Acx,
(mms™), measureétliquid-N, temperatureandnuclearquadrupolesplittings,Acaice Calculatedaccordingo thepoint
chargeformalismappliedto the idealizedstructuresof Figs 2(A andB)?

C-Sn-Cangle+ 13

Compound o° Aexis I I'» (deg) Acacdd ldealizedstructure
Me,Sn(HTPP)-2H,0 1.25 4.28 0.98 0.92 180 -3.98 Fig. 2(A)
Bu,SN(HTPP)4H,0 138 353 092 0095 143 _3.08 Fig. 2(A)
MezSnHTPP2H,0O 1.27 3.58 0.97 0.94 -3.26 Fig. 2(B)
BU,SNHTPPH,0 142 354 095 095 ~3.26 Fig. 2(B)

@ Samplethicknessrangedbetween0.50and0.60mg *'°Sncm 2

Isomershift, § + 0.03mms™* with respectto room-temperatur8asSnQ.
€ Aexpt 0.02,mms™.

Regulartrigonal-bipyramidalor transR, octahedralstructuresof Fig. 2(A, B) areassumedo estimatethe nuclearquadrupole
splittings accordingto the point-chargemodel. The p.q.s.valuesused(mm s were (seerefs. 28, 29): (1) trigonal-bipyramidal
structure{R} *°= —1.13(R = Me, Bu; Ref.28); {P—0} 2= —0.0325(calculatedrom Ref. 29); {P—0}*°= 0.015(calculatedrom
Ref. 29); (2) trans-R, octahedrabtructure:([R]—[CI]) °**= —1.03 (R = Me, Bu; Ref. 28); ({P—O]—ICI]) °*'= —0.036 (calculated

from Ref. 29).

dimethyltin(IV) oxide (2 mmol), dibutyltin(IV)ox-
ide (2mmol), bis[tributyltin(IV)]oxide (2 mmol)
and trimethyltin(IV)hydroxide (4 mmol), respec-
tively, accordingeqgns[1]-[3]

2H,TPP+ R,SnO— R,SN(HTPP) + H,0
(R = Me, Bu) 1]

2H, TPP+ (BUsSN),0 — 2BUsSNHTPP+ H,0 [2]

H,TPP+ Me3SnOH— Me3SnHTPP+ H,O [3]

R>SnO (R=Me, Bu), (BusSn)hO and MezSnOH
were freshly preparedby hydrolysis of aqueous
solutions of the parent organotin(IV) chlorides
RoSnChL andR3;SnCI(R = Me, Bu) whichweregifts
from Witco GmbH, BergkamenGermany accord-
ing to standardprocedures?

The white precipitateswvere recoveredy filtra-
tion andrecrystallizedfrom absoluteethanol.

Analytical methods

TG measurement&ablel1), wereperformedusing
a TA-3000 Mettler systemin a pure nitrogen
atmosphereTheresultsof TG analysis carriedout
up to 600°C, suggestthe presenceof water
moleculesnot involved in coordinationof tin(1V)
atoms™>~* in all the investigatedthiaminepyro-
phosphate—alkyltin(IV) complexes, namely
RoSn(HTPP)-nH,O andRsSnHTPPnH,0.

IR spectrawere recorded,as Nujol and hexa-
chlorobutadienenulls, on a Perkin-Elmergrating
spectrometemodel 983G, betweenCsl windows.

Copyright© 1999JohnWiley & Sons,Ltd.

The spectrawere analyzedthrough a Perkin-
Elmer 3600 datastationwith Perkin-ElmerPE983
software(Table 2).

11%n Méssbauer spectra (Table 3) were
measuredwith a multichannelanalyzer(TAKES
model 639, Ponteranica, Bergamo, Italy) and
Wissenschaftliche Elektronik system (MWE,
Minchen, Germany) consisting of an MR250
driving unit, an FG2digital-functiongeneratoand
an MA250 velocity transducer,moved at linear
velocity and constantacceleration,jn a triangular
waveform.The liquid-nitrogentemperaturespectra
were obtained using a DN700 liquid-nitrogen
cryostatwith a DN1726sampleholderanda model
ITC 502 temperature controller from Oxford
InstrumentsOxford, UK. The temperaturecontrol
wasbetterthan +£0.1K. The multichannelcalibra-
tion wasperformedwith anenrichediron foil (*'Fe
95.2%,thickness0.06mm; Dupont,MA, USA), at
room temperature, using a >’‘Co-Pd source
(10mCi; Dupont,MA, USA), while the zeropoint
of the Dopplervelocity scalehadbeendetermined,
atroomtemperaturethroughabsorptionspectraof
natural CaSn@ (***Sn=0.5mg cm ) and a Ba
119Sn% source(10mCi; Amersham UK).

TheH and**C NMR spectravererecordedvith
a Bruker AC250E spectrometer,operating at
5.87T.

TheD,0, usedfor theNMR measurementsasa
Merck (Darmstadt, Germany) UVYASOL reagent
(>99.9% deuteriation) and was used for field-
frequency lock and as a reference (*H,
6=2.57ppm;*C, 6 = 39.7ppm). The spectravere
recorded at room temperature(298K) and the

Appl. OrganometalChem.13, 705-714(1999)
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Figure 2 Regularstructuresof tin assumedo estimatethe
nuclear quadrupolesplittings accordingto the point-charge
model formalism (Table 3) for R,Sn(HTPP)-nH,O (R =Me,
n=2; R=Bu, n=4) and R;SNnHTPPnH,O (R=Me, n=2;
R =Bu, n=1), respectively.The partial quadrupolesplittings
(pgs)(mms %) usedin the calculationsarereportedin Table3.

sampleswere preparedimmediately before the
measuremen(fTables4, 5)

Biological studies

Cell cultures and effectsof organotin(1V)
derivatives on cell growth
Cell culture conditions were essentially as de-
scribedpreviously*® with minor modifications.In
detail, culturedmouseembryonicfibroblasts(NIH
3T3) were harvestedand detachedfrom subcon-
fluent culture by successiverinsing with PBS
(C&"IMg>"-free phosphate-buffered saline),
1.0x 10 °moldm™> EDTA in PBS and
1.0x 10 ®moldm™ EDTA in PBS containing
5mgcm 3 trypsin.
Cellswerecountedandplatedat a concentration
of (1.0-2.0)x 10° cells/25cn? flask in DME
(Dulbecco’s modified Eagle’s medium; Sigma,
MO, USA), supplemented with antibiotics
(40mgdm—° penicillin, 8mgdm—3 ampicillin,
90mgdm 2 streptomycin;Sigma) and 10% fetal
calf serum(Gibco, Italy).
Cellswereculturedat 37 °C in ahumid5% CO,
atmosphereAfter 24h (the optimal time for the
cellsto adhereto the flask surface) filter-sterilized
dialkyltin(IV)— and trialkyltin(IV)-thiaminepyo-
phosphatealerivativesolutions(DMSO 0.7%)were
addedto the medium at different concentrations
(rangingfrom 1.0 x 10 °t01.0 x 10 ® moldm3).
After incubation(rangingfrom 0.5 to 24 h), the
medium was changedand cells were grown for
additional 48 h. Untreatedcells, and cells treated
only with the solvent (DMSO 0.7%) or with the
parent chemical compoundsJi.e. thiaminepyro-

Copyright © 1999JohnWiley & Sons,Ltd.

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

To measurehe cell toxicity of the compounds,
ceIIs,treateobsdescribechbove,wereharvestedng
trypsinization,pelletedandlyzedin 0.1moldm™
NaOH at 50°C for 90 min, and the absorbancef
the solutionwasthen measuredat 260nm usinga
DU-65 spectrophotonter (Beckman,CA, USA),
asdescribedby Di Liegro etal.*®

Electrophoretic analysisof DNA/H,TPP-4H,0,
Bu,Sn(HTPP),-4H,0 and Bus;SnHTPP-H,0
mixtures

EithertheBu,Sn(HTPP)-4H,0, BusSnHTPPH,0,
or the control H,TPP4H,0 itself, was mixed with
BluescriptplasmidDNA (StratageneCA, USA), at
three different molar ratios (1:10, 1:50 and 1:100
butyltin(IV)—-thiaminepyroposphate  complex/
DNA basepairs, bp). After 30—60min of preincu-
bation at room temperature,the mixtures were
analyzedby gel electrophoresi®n 1% agarosdn
1 x 102 moldm™3 Hepes[4-(2-hydroxyehyl)-1-
piperazine-ethanesulfonacid], pH 7.4.

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

After runningat 10—20mA for 4—6h, thegelwas
stainedn ethidiumbromide(2 mgcem 3 in distilled
water) for 20min, rinsed with water and photo-
graphedunderuv illumination througha redfilter.

RESULTS AND DISCUSSION

IR data

In the IR spectraof all the dialkyltin(IV)—and
trialkytin(IV)—thiaminepyroplosphate derivatives,
very strong and broad bandswere presentin the
range3400-310@m* which could be ascribedto
NH, stretchingwith partial contributionsof OH
stretching of H-bonded H,O molecules?® in
agreementvith the TGA information.

The biggest changesin the IR spectra on
coordination comparedwith free thiaminepyro-
phosphateoccurredin the regions 1100-900and
600-500cm ™%, rangesin which PO, stretchingof
the pyrophosphategroups normally occur®??
(Table 2). In the latter range variations occurred
alsofor the presencef symmetricandasymmetric

Appl. OrganometalChem.13, 705-714(1999)
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Table4 *H NMR data for thiaminepyrophosphate H,TPP, dialkyltin(IV)-thiaminepyrophosphate
R>SN(HTPP)-nH,0 (R =Me, n=2; R =Bu, n=4), andtrimethyltin(IV)-thiaminepyrophosphatde;SnHTPP2H,O
derivativesin D,O solutiorf

Assignment/Compound HZTPI'-14H20b Me,Sn(HTPP)-2H,O  Bu,Sn(HTPP)-4H,0 MezSnHTPP2H,O

C2—H 9.60 9.60 9.60 9.58
C6—H 7.86 7.94 7.94 7.96
C5—CH, 5.50 5.53 5.53 5.53
O—CH, 4.07(q) 4.21(q) 4.19(q) 4.16(m)
C5—CH, 3.21(t) 3.34(t) 3.33(t) 3.33(t)
C4—CH; 2.60 2.58 2.59 2.57(t)
C2—CH; 2.50 2.56 2.56 2.39
Sn—Bu 1.64-0.88

Sn—Clr-r% 0.93 0.55
2J(**%SntH) 98.4 68.7
C—Sn—C 159.4 117.8
2J(M'SnH) 66.1
C—Sn—C 116.2

& Couplingconstantdo tin, in parenthesesarein Hz; Bo=5.87T; T=298K; §, ppmfrom TMS.
b Thiaminepyroplbsphate= H,TPP4H,0; abbreviations:t = triplet; q=quartet; m = multiplet. The numberingof the atomsis
accordingto Ref. 31.

Table5 *C NMR data for thiaminepyrophosphate H,TPP, dialkyltin(IV)—thiaminepyrophosphate
RoSN(HTPP)-nH,0 (R =Me, n=2; R=Bu, n=4), and trimethyltin(IV)thiaminepyrophosphat®e;SnHTPP2H,O
derivativesin DO solutiorf

Assignment/Compound H,TPP4H,0° MesSn(HTPP)-2H,O  Bu,Sn(HTPP)-4H,0O MesSnHTPP2H,O

cz 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
58 CH, 62.14 67.67 67.53 67.75(q)
BridgedCH, 52.36 52.93 52.85 53.15(t)
54 CH, 25.05 30.20 30.18 30.85(q)
2CHj 24.45 2453 24.35 26.14(q)
4CHj, 13.59 13.85 13.85 13.23(q)
Sn-R 0.95 28.90,28.66, 3.04
23.83,15.64

8By =5.87T; T=298K; 5, ppmfrom TMS.
b Thiaminepyrophosphate H,TPP4H,0; abbreviationst = triplet; q = quartet Thenumberingof theatomsis accordingto Ref. 31.

SnG vibrations. The above mentionedevidence inferredfrom Mdssbauespectraat liquid-nitrogen
strongly supportsthe involvement of only the temperatureand by extracting the experimental
pyrophosphatgroupsin coordinatingo thetin(IV) quadrupole splittings  Aexp, mms ' (Table 3),
atom of the dialkyltin(IV) and trialkyltin(IV) togetherwith the isomershifts, calculatedC-Sn-C
moieties. anglesfor the dialkyltin(IV) derivativesand cal-
culated A, c for both dialkyltin(1V) and trialkyl-

= tin(IV) complexes,by the rationalization of the
Méssbauer spectra experimentalA¢,, accordingto the point-charge
The coordinationpolyhedrafor the complexesvas ~ modelformalismappliedto theidealizedstructures

Copyright© 1999JohnWiley & Sons,Ltd. Appl. OrganometalChem.13, 705-714(1999)
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Figure 3 Effects of 6h of incubation of 3T3 cells with
different compounds, (1) untreatedcells; (2) cells treated
with dimethyl sulfoxide; (3) H.TPP; (4) Me,Sn(HTPP)-
H>0O; (5) Bu,Sn(HTPP)-4H,0; (6) MesSnHTPR2H,0; (7)
BuzSNHTPPHO0. In samplel—7,thevariouscompoundsvere
usedat a concentratiorof 1.6 x 10~® mol dm~

120 +

% of survival

1,00E-06

100E-07 1,00E-08 1,00E-09

Concentration, mol dm?

Figure 4 Dosedependencef the effectson the growth of
3T3 cellstreatedfor 6 h with BusSnHTPPH,O solutions.

of Figs 2(A and B).>>*® The comparison of
experimentaland calculated nuclear quadrupole
resonancesAqyp and Acy e reportedin Table 3

Copyright © 1999JohnWiley & Sons,Ltd.
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Figure 5 Time dependencef the effectson 3T3 cell growth
of 1.00x 0~®moldm™3 solutions of Bu;SNHTPPH,O (@),
BusSnCI(H) andH,TPP(A) (in thesewo lattercasenly the
effectof 24 h of treatments reported).

showsthattheir differencewaswithin thetolerance
limit of the method, +0.4mms%), suggesting
transR, octahedral configurations. The isomer
shifts are characteristicof covalent bonds and
reflectthe meaningof the parameter.

H and "3C NMR

The 'H and **C NMR measurementwere carried
outin D,O (Tables4 and5). The'H and*3C datain
the complexedid not showsignificantshifts of the
atoms(H or C) of the pyrimidineandof thethiazole
groups3%3! which excluded any involvement of
bothgroupsin coordinatinghetin(lV) atomsof the
alkytin(IV) moieties.On the otherhand,the above
findingsarein agreementvith the involvementof
the oxygen atoms of the phosphategroups in
coordination of the alkytin(IV) moieties, which
would rule out electronic effects on both the
hydrogenand carbonatomsof the pyrimidine and
of thethiazolegroups.

The  methyltin(lV)  moiety of  both
Me,Sn(HTPP)-2H,O and Me,}SnHTPPZHZO
showedcoupling constantsJ(*H-"°Sn), Table 4,
whichmayberelatedto thecoordinatiornumberof
the tin atom and to the C-Sn-C angles of the
organometalliaomoiety.

The equations of Lockhart and Mander®?

Appl. OrganometalChem.13, 705-714(1999)
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Figure 6 Electrophoretic analysis of Bluescript plasmid
mixed with different amountsof H,TPP (lanes2—-4), DBTPP
(lanes5—7) or TBTPP (lanes8-10),at molar ratios (DNA bp/
compoundpf 100:1(lanes2, 5 and8),50:1(lanes3, 6 and9) or
10:1 (lanes 4, 7 and 10). In lane 1, untreatedplasmid was
electrophoresedscontrol (C).
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Figure 7 Electrophoretic analysis of Bluescript plasmid
mixedwith H,TPP (lanes3, 4), DBTPP (lanesb5, 6) or TBTPP
(lanes?7, 8), at molar ratiosof 10:1 DNA bp/compoundAfter

30min of DNA compoundinteractionat room temperature,

mixtures were incubatedfor an additional 15min, at room
temperaturewith (+) or without (—) UV irradiation(254nm).
Naked DNA, treated(+) or not (—) with UV, was electro-
phoresedascontrol (C: lanesl, 2). C, relaxedcircular plasmid
DNA; L, linear plasmidDNA; S, supercoiledolasmidDNA.

relating 2J(*H-'1°Sn) and the geometry of the
organometallic moiety were therefore used to
evaluate the C-sn-C angles in
Me,Sn(HTPP)-2H,O and Me;SnHTPP2H,0,
which were found to be 159.4° and 117.8°,
respectively (Table 4). These results tend to
confirm that both Me,Sn(HTPP)-2H,O and
MesSnHTPP2H,O maintain in D,O their solid-
stateconfigurationsjn particularslightly distorted
octahedral trans-Me, geometry

Copyright© 1999JohnWiley & Sons,Ltd.

Figure 8 Electrophoretic analysis of Bluescript plasmid

mixedwith H,TPP (lanes3, 4), DBTPP (lanesb, 6) or TBTPP

(lanes7, 8), at molar ratiosof 10:1 DNA bp/compoundAfter

30min of DNA/compoundinteraction at room temperature,
mixtures were incubatedfor an additional 30 min, at room

temperaturewith (+) or without (—) UV. irradiation(254nm).

Naked DNA, treated(+) or not (—) with UV, was electro-
phoresedascontrol (C, lanesl, 2). C, relaxedcircular plasmid

DNA; S, supercoilecblasmidDNA.

Me,Sn(HTPP)-2H,0O and eq-Me; trigonal-bipyr-

amidal around the central tin atom in
MesSnHTPRP2H.0.
Finally, *H and **C NMR spectra of

BusSnHTPPH,O were not recorded, owing to
low solubility of this complexin D,5O.

Effects of organotin(lV) derivatives
of H,TPP on cell growth

3T3 cells were treatedas describedunder ‘Biolo-
gical studies’in the Experimentakection.Figure3
showsthe resultsof control experimentsun with
the solvent (DMSO), or with thiaminepyrophos-
phate (H,TPP), compared with organotin(lV)
derivativesof H,TPP. The first two compounds
(DMSO and H,TPP) did not have any effect on
cell growth. We did not notice any effects even
after 24 h of incubation.Among the alkyltin(IV)—
thiaminepyrophosphateeompounds tested, after
6h of incubation Me,Sn(HTPP)-H,O and
MesSnHTPP2H,0 did not haveany effect, while
Bu,Sn(HTPP)-4H,O and BusSnHTPPH,O, at
1.0 x 10-® mol dm~2 concentrationjnhibited cell
growth by 30% and 50%, respectively.The dose
dependencef 6 h of incubationof 3T3 cells with
themostactivecompoundij.e. BusSNHTPPH,O, is
shownin Fig. 4. A significantinhibition of cell
growth occurred only at 1.0x 10 ®moldm 3.
Figure5 showsthetime dependencef cell growth
on BusSnHTPPH,O at a concentration of
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1.0x 10 ®moldm 3. A significant effect was
already evident after 1 h of incubation, reaching
the maximum inhibitory effect at 24h. As a
consequencethe percentageof surviving cells
was rather low (32%). Comparisonwith parent
compounds(i.e. BusSnCIl and H,TPP, at 24h)
revealghatwhile H>,TPPdid nothaveanyeffecton
cell growth, BusSnCl was extremely toxic, as
alreadydescribedn the literature!”*® The inhibi-
tory activity of the tributyltin(lV) derivative is
modulatedby the presencef the H,TPP.

Electrophoretic analysis of DNA/
H>TPP-4H,0, Bu,Sn(HTPP),-4H,0
and Buz;SnHTPP-H,0 mixtures

Either dibutyltin(IV)—thiaminegyrophosphate
(DBTPP) or tributyltin(IV)—thiaminepyrophos-
phate (TBTPP), or the control thiaminepyrophos-
phate, H,TPP, itself, was mixed with plasmid

DNA; after at least 30min of incubation, the

mixtures were analyzedby agarosegel electro-

phoresisFigure 6 showsone of thesegels.

No evidenceof DNA cleavagey thecompounds
was found, even at molar ratios as high as 1:10
(H,TPP derivative/DNA bp). Interestingly, how-
ever,in thepresencef TBTPP(1:10TBTPP/DNA
bp),plasmidDNA seemedo be moresusceptibleéo
cleavageby UV. As shownin Fig. 7, the super-
coiled form of plasmid DNA (S) disappearedas
expected® almost entirely after 15min of UV
treatment (lanes marked by even numbers),
whereasasa resultof nicking, the relaxedcircular
form (C) increasedsignificantly; a high frequency
of nicking on both filamentsof the DNA double
helix shouldinducealsothe appearancef relaxed
linear DNA (L); thiswasindeedthe casefor all the
samples.However, the relative ratio of linear/
circular DNA was clearly higher for the TBTPP/
DNA complex(lane8). Theincreasedensitivityof
the TBTPP/DNA complex(lane 8) with respecto
either of the other complexes(lanes4 and 6) or
nakedDNA (lane 2) was evenmore evidentafter
30min of UV treatment(Fig. 8). Sensitivityto UV
wasclearlydose-dependefior all thesamplesasa
consequencehe linear/circular DNA ratio was
higherafter30 min thanaftera 15 min treatmentin
the caseof TBTPP/DNA complexes(lane 8), no
discretebandwasclearly visible after electrophor-
esis. This finding may be attributedto a higher
degreeof nicking inducing a continuoussmearof
DNA fragments.

In conclusion,the data presentedn this paper
demonstrate cytotoxicity of TBTPP. Although

Copyright© 1999JohnWiley & Sons,Ltd.

cytotoxicity doesnot seemto dependon direct
cleavageof DNA by the compound,our results
suggestthat TBTPP may enhancethe effects of
other DNA-cleaving treatmentsthroughunknown
molecularmechanismghat will deserveattention
in the future.
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