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triorganotin(lV) [ mesotetra(4-carboxyphenyl)-
porphinates, with stoichiometries [RSnLTPPC
and [RsSn],TPPC [R=Me, Bu, Ph; TPPC*
=  mesotetra(4-carboxyphenyl)porphinate®],
namely bis[dimethyltin(1V)], bis[dibutyltin(IV)], INTRODUCTION

bis[diphenyltin(IV)], tetra[trimethyltin(IV)], tet-

raftributyltin(IV)] and tetraftriphenyltin(1V)] Organotin compounds are known to be neurotoxic
[mesatetra(4-carboxyphenyl)porphinate]s, have as well as immunotoxic to humans and other
been used to investigate their effects on the species.

cultured human kidney cell cycle in order to Several biological effects of organotin(lV)
understand further the origin of cell-growth derivatives have been the focus of some papers
inhibition induced by the above-mentioned and reviews that have been published recently.
chemicals. The cell-cycle-dependent DNA con- In particular, the cytotoxic properties of several
tent distribution of cultured cells exposed to organotin(lV) derivatives towards ascidian em-
these compounds has been analyzed through bryonic development have been widely studfed.
flow cytometry, a potent technique capable of Reduced fertility, arrest of the mitosis process,
probing several aspects of drug-induced cyto- mortality of embryos and inhibition of larval
toxicity. Cultured human kidney cells have been movement, which implies reduction of the intrinsic
used as a model system, on the premise of rate of population growth, were major effeés.
greater physiological similarity to the human  Moreover, biological effects of diorgano- and
situation in vivo. Copyright © 1999 John Wiley triorganotin(lV) derivatives, such as neurotoxicity
& Sons, Ltd. and hepatotoxicity, have been reviewed recently by
Arakawa®’

On the other hand, the interaction of several
newly synthesized compounds — tetra[trimethyl-
tin(IV)] [ mesetetra(4-carboxyphenyl)porphinate,
tetra[tributyltin(IV)] [mesetetra(4-carboxyphe-
nyl)porphinate and dialkyl and trialkyltin(1V)

N ) , — — — _ thiaminepyrophosphates (alkyl = methyl, butyl),
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dependent DNA content distribution of cells
exposedto the action of bis[diorganotin(IV)]and
tetraftriorganotin(lV)] [mesetetra(4-carboxyphe-
nyl)porphinateshas been studied and is reported
in this paper.Flow cytometry® has beenchosen
becausef its potencyasatool of investigationnot
only for cell-cycleanalysisbut alsoto probemany
otheraspectf drug-inducectytotoxicity, suchas
membraneandchromosomatiamagecell viability
andmorphologicalalterations.

MATERIALS AND METHODS

Chemicals

The bis[diorganotin(lV)] and tetra[triorgano-
tin(IV)] [mesetetra(4-carboxypheyl)porphinate]
complexeswere synthesized,as previously re-
ported® by refluxing, in dry methanol,R,SnO or
R3sSnOH, freshly preparedby hydrolysis of the
parentR,SnChL andRsSnClrespectively(gifts from
Witco GmbH, BergkamenGermany),and [mese
tetra(4-carboxyphem)porphine] (= H,TPPC) at
high purity, from PorphyrinProducts(Logan, UT,
USA) in the molarratios2:1 and4:1, respectively,
for [Ro,SnLTPPC and [RsSn,TPPC derivatives
[R=Me, Bu, Ph]. Correspondencéetweenthe
obtained and the published complexeshas been
verified by chemical,IR and Méssbauerspectro-
scopicanalysisjn thesolid state andby *H and**C
NMR in [D6]DMSO solutions®

In the Resultsand Discussionsection bis[di-
methyltin(1V)], bis[dibutyltin(IV)], bis[diphenyltin
(IV)], tetraftrimethyltin{V)], tetra[tributyltin(IV)]
and tetra[triphenyltir{lV)] [mesetetra(4-carboxy-
phenyl)porphinate]svill be denotedas DMTPPC,
DBTPPC, DPTPPC, TMTPPC, TBTPPC and
TPTPPC respectively.

Cell Culture

Humanembryonakidney cell line 293T (293 cells
expressinghe simianvirus 40 largetumorantigen)
cells were grown in monolayer in Dulbecco’s
modified Eagle’s medium, (Gibco BRL, MD,
USA) supplementewvith 1% penicillin—streptomy-
cin (GibcoBRL), 1% FungizongGibcoBRL) and
10% heat-inactivatedfetal bovine serum (Gibco
BRL) on 100mmtissueculturedisheg(Falcon,NJ,
USA). Asynchronousells weregrownat 37 °C in
an atmospheref 5% CO, in 95% humid air and
werepasseavery2—3daysto maintainlogarithmic

Copyright© 1999JohnWiley & Sons,Ltd.

growth. In all experimentslog-phasecells were
investigated.

After the cellshadbeenallowedto adhereto the
surfaceof the dish,the organometallicsolution[in
wateror dimethyl sulfoxide (DMSO)] to be tested
wasaddedo themediumto afinal concentratiorof
10°® or 10° M. When DMSO was usedas a
solvent, its final concentration was always
kept<1%. After a 24 or 48h incubationwith the
compound, adherent cells were washed with
phosphate-bufferedaline(PBS)(Gibco BRL) and
dispersedvith 0.05%trypsin—-EDTA(GibcoBRL).

Floatingcellscontainedn theculturemediumas
well asin the washmediumwere pooledwith the
trypsinizedcells and pelleted.Cells werefixed by
resuspensioin ice-cold 70% ethanolin PBS and
storedat —20°C for atleast12h prior to staining.
Two hours before flow-cytometric analysis,fixed
cellswerepelleted,washedwith PBS,resuspended
in stainingsolution[25 mgml~ propidiumiodide
(Pl) (Calbiochem, CA, USA) and 100mg/mi
DNase-freeRNaseA (Sigma,MO, USA) in PBS],
sievedthrougha 35 um cell strainercap (Falcon,
NJ, USA) and storedin the dark at 4°C until
analysis.

Flow cytometry

Pl-staineccellswereanalyzedvith anEpicsProfile
Il flow cytometer(Coulter Corporation,FL, USA)
fitted with a 250mm BioSenseflow cell with
attachedlens and mirror, a 15mW air-cooled
argon-ionlaser emitting at 488nm and a 635nm
band-pasdilter. In all samples,a total of 10,000
cells were analyzed. Both forward-angle and
orthogonal (side) light-scatter signals were col-
lected as correlatedparameterof DNA content.
List Mode file format was convertedto Flow
Cytometry Standardfile format using ProFCS
version 3.2 (Verity Software House, ME, USA)
anddatawere analyzedusing WinList version3.0
(Verity SoftwareHouse)andWinMDI version2.7
(JosephTrotter, The ScrippsInstitute, CA, USA)
software.

RESULTS AND DISCUSSION

The DNA content of each cell in any living
organismis generallyhighly uniform. In theresting
phase of the cell cycle, a human somatic cell
contains approximately6-7pg of DNA (diploid
DNA content). This stageis occupied by non-
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Figure 1 DNA contentdistributionsof 293T cells exposedo variousorganotinsat 10> M in waterfor 24h. 293T, 293T cells
grownin organotin-freeDMEM. Seetext for full compounchamesanddefinitionof GO/G1,S andG2/M phase®f thecell cycle.x-
axis: Pl fluorescencearea;y-axis, Pl fluorescencgeak;z-axis, cell number.

cycling cells(GO phaseprswell asthoserecovering
from the previousdivision or preparingfor the next
cycle (G1 phase) When beginningthe processof
replication,a cell entersDNA synthesiqS phase).
As DNA synthesigroceedscellular DNA content
progressivelyncreasesintil replicationis complete
and the cell entersthe G2 phasewith a DNA
contenttwice that of G1 (tetraploid).After repair-
ing DNA damageandorganizingthechromosomes,
the cell entersmitosis (M phase)ividing into two
diploid daughtercells and completingthe cycle 1°

TheDNA flow histogramsgresentedh this study
represensnapshotof the distributionof nucleiin
the various phasesf the cell-cycle at the time of
fixation*

Because organotin toxicity in cell cultures
evolvesover 24 to 48h,*? thesewere the chosen
incubationtimesat which cellswereharvestedBy
comparing the normal cell-cycle DNA content
distribution of 293T cells with that of cells
incubatedwith the various potential toxicants at
10°wm for 24h (Fig. 1), it immediatelyemerges
that, apart from a moderate flattening of the

Copyright © 1999JohnWiley & Sons,Ltd.

histogramareascorrespondingo the S and G2/M
fractions, DPTPPC and TPTPPC are the com-
poundswhich yield the least dramatic effects on
the distributions. Moreover, periodic microscopic
analysisrevealedno evident alterationsof mor-
phology or cell growth. DMTPPC and DBTPPC-
exposedcells show an increasein the S-phase
populationandthis effect is particularly enhanced
by TMTPPC.This S-phaseblockadeis suggestive
of aninhibitory effecton replication.Indeed,it has
been shown that organotins can affect DNA
synthesis>**DNA synthesisanalsobeinhibited
as a direct as well as an indirect mechanismof
chromosomeaberrations,” which have also been
detectedas a consequencef exposureto organo-
tins 18721

Moreover, it has been recently shown that
persistentDNA damageleadsto S-phaseinhibi-
tion.?! Interestingly, the genotoxicity of dibutyl-
tin(IV) and dioctyltin(IV) dichloride has been
ascribedto complex formation with DNA.?>3
Bearingin mind that severalmodesof interaction
betweerporphyrinandDNA havebeenproposed”

Appl. OrganometalChem.13, 733-738(1999)
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Figure 2 Forwardscatter(cell size)versusP| fluorescenc¢DNA content)densityplotsof 293T cellsexposedo 10~ m TBTPPC

solubilizedin wateror DMSO for 24 hoursand48 hours.

it is tempting to speculatethat the complexes
might synergistically interact with DNA, the

porphyrin ligand and the organometallicmoieties
acting in a concertedfashion and the complex
behavingasa pseudo-bifunctionaadduct TBTPPC
is the mosttoxic of the testedcompoundscausing
cell death,asindicatedby the appearancef a sub-

G1 peak.

The appearanceof distinct subpopulations
characterizedby reduction of Pl fluorescence
(DNA content) and forward angle (1-19°) light
scatter(cell size)(Fig. 2) is indicative of apoptotic
cells. Indeed tributyltin is known to be capableof
inducing programmedcell deattt??*~2® and im-
munotoxic organotins have been proposed as
possible model compoundsin studying apopto-
sis?"?8 This resultis currently being validatedby
usingmorespecificapoptoticassay$n orderto rule
outthepossibilitythatthe observedsub-Glpeakis
due to necrotic cells which can presentsimilar
parametersThetoxic effectsafter48h of exposure

Copyright© 1999JohnWiley & Sons,Ltd.

appearenhancedut qualitatively similar (Fig. 3),

apartfrom anincreaseof the S andG2/M fractions
in addition to the cell deathalreadyinduced by

TBTPPC after 24h. Furthermore,lowering the
concentratiorof toxicantsto 10°m did not result
in qualitative differences, although TBTPPC-in-
ducedcell deathwas substantiallydecreaseddata
not shown). A previous study*® reported G2/M

arrestfollowing exposureof murine erythroleuke-
mic cells to tributyltin(IV) dissolvedin ethanol.
Interestingly, when 293T cells are exposedto

DBTPPC solubilizedin DMSO, a marked G2/M

arrestis observedFig. 4).

Moreover, after 48h, the S and G2/M phase
accumulationis muchmore enhancedy exposure
to TBTPPCDMSO solutionsin comparisonwith
the correspondingqueoussolutions(comparerig.
4 with Fig. 3).

We chosenotto useethanolasa solventbecause
of its intrinsic ability to alter the cell cycle®
while water possessegreater similarity to the

Appl. OrganometalChem.13, 733-738(1999)
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Figure 3 DNA contentistributionsof 293T cellsexposedo variousorganotinsat 10~° m solubilizedin waterfor 48 h. For details,

seetext andcaptionto Fig. 1.

dueto

-knowncoordinatingpropertiesof thelatter

3

reactionswhich occur in solution and which are
enhancedn water comparedwith DMSO

thewell
solvent

,the differ-

environmentaldistribution of organotinsand phy-

siological conditionsin vivo. However
encein behaviobetweertheagueousolutionsand
the DMSO ones could be related to hydrolytic

DBTPPC-48 HRS

Figure 4 DNA contentdistributionsof 293T cells exposedo 10> M DBTPPCor TBTPPCin DMSO for 24h and48h.
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