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The effects of several organotin(lV) mesao
tetra(4-carboxyphenyl)porphinate] derivatives
with the general formula (R.Sn),TPPC and
(RSN, TPPC (R =Me, Bu, Ph) were testedin
vivo on ascidian embryonic development. Em-
bryos at the two- ceII stage were incubated in
1x10° or 1x 10 ’'M solutions of various
compounds. The ligand, mesotetra(4-carboxy-
phenyl)porphme] (H4TPPC) was toxic at 1
x 10 ° M, because development was blocked at
an early gastrula stage, whereas % 10’
H4TPPC allowed the eggs to develop up to the
larva stage. The most toxic among the tested
compounds was tributyltin(lV) [ mesotetra
(4-carboxyphenyl)porphinate], (BuSn),TPPC,
since the fertilized eggs were unable to divide
into two cells, even at a concentration of
1x 10 "Mm. To correlate this embryonic arrest
with the metabolic pathway, and especially to
understand why cellular organelles first under-
went chemical damage, 10° and 10 'wm
(BusSn),TPPC-cultured fertilized eggs were
tested for DNA, RNA, protein, glucose, lipid
and ATP contents, comparing the values ob-
tained with those of control culture fertilized £99
contents. The higher concentration (1x 10> M)
reduced the content of all the tested compounds,
but the lower one (1x 10 ’m), even if still
unable to allow cleavage, reduced only the lipids
and the ATP contents. A hypothesis concerning
initial damage to mitochondrial membrane is
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INTRODUCTION

The acute effects of organotin(lV) compounds,
used as biocides on a number of organisms, have
been extensively investigated. All these studies
indicate that sublethal effects can have more serious
long-term consequences in various processes which
can ultimately affect the survival and propagation
of the species. Therefore, there is considerable
current interest in understanding the mechanism
through which these compounds exert their toxic
action on the organisms. It has been demonstrated
that some of these derivatives are immunotoxic,
neurotoxic, etc. Moreover, they inhibit phagocy-
tosis and exocytosis in the ratn Ciona intestina-
lis, phagocytosis inhibition by tributyltin(IV)
chloride (TBT) is irreversible, as demonstrated by
Cooperet al® TBT also affects the chromosome
structure of Mollusca and Isopod&.Furthermore,
it is well known that organotin(IV) compounds may
inhibit mltochondrlae enzyme and hexokinase

activity.®

Developmental systems could be a suitable field
of study because they share certain fundamental
features, including:

(1) storage and transfer of developmental in-
formation,
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Figure 1 [mesetetra(4-carboxyphenyl)porphin¢H,TPPC).

(2) molecular,cellular or organismgrowth,

(3) morphogenesisand

(4) differentiation,the emergencef a function-
ally specializedstate.

Recentstudiesin ascidianembryonicdevelop-
ment after exposureto organotin(lV) derivatives
demonstratededucedertility, arrestof the mitosis
process,mortality of embryosand inhibition of
larval movement,which implies reductionof the
intrinsic rate of population growth. At an ultra-
structural level it has been proved that cell
membranesmltochondnaestructure% andmuscle
cellsarealteredby TBT.°

At this point, an understandingf the effectsof
theorganotin(IV)derivativesonthedevelopmenof
ascidianeggswas needed.The aim of the present
work is to assesthemorphologicakffectsof short-
term exposureo diorganotin(lV)andtriorganotin-
(IV) derivativesof (Fig. 1) [mesetetra(4-carboxy-
phenyl)porphine] with the general formula
(RoSnpTPPCand (R;SnyTPPC(R = Me, Bu, and
Ph)atall thedevelopmentastageof ascidianeggs,
and to determineany subsequenthangein bio-
chemicalcompositionassociateavith theexposure
to theseorganotin(lV)derivatives Developmenbf
ascidiangroceedssfollows: theascidiangelease
gametednto the seawater solution, wheredevel-
opmentoccurs;afterfertilization, the eggssegment
into two, four, eightcells, etc.,up to gastrulaethen
neurulaecoiledlarvae swimminglarvaeandfinally
metamorphosetirvae.

MATERIALS AND METHODS

Experiments in vivo

Ciona intestinalis adults were collected from
Palermo harbour. The eggs removed from the
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oviducts were fertilized. After 90min, the eggs
divided into two blastomeres.Five batches of
eggsat the two-cell stagewere mcubatedln sea-
watersolutionsof 1 x 10 > and1 x 10"’ M organ-
otin(IV)[ mesetetra(4-carboxyphenyl)porphiret
(RSNLTPPC and (RsSnyTPPC, previously
synthesaedand characterizedaccordingto litera-
ture reportst® and were left to developat 22°C.
Severakellsatthetwo-cell stage from eachbatch,
wereincubatedin normal seawatefcontrols).The
pH of the solution was controlledand maintained
within the range 7.76-8.00 (seawaterpH). Ob-
servationsn vivo weremadewith a Leitz Ortoplan
microscopeusingan liford FP4Plusfilm.

Biochemical experiments

Culture

The fertilized eggs of Ciona intestinalis were
divided into three batches,of which one was
cultured in pasteurizedseawaterand used as a
control, and two were cultured in pasteurlzed
seawater containing 1 x 10> and 1x 10" wm

tributyltin(lV) [mesetetra(4-carboxyphenylyor-

phinate],(BusSn)TPPC.

As at least 97% of the control-fertilized eggs
reachedhetwo-cell stagethedevelopmentastage
of the eggstreatedwith (BusSn)TPPC solutions
was monitored. Soon afterwards,eggsof all the
batchesverewashedseveratimeswith pasteurised
seawater,collected by low-speedcentrifugation,
and immediately frozen at —80°C, pending
biochemical studieson the total extractedDNA,
RNA, proteins,glucose lipids andATP.

Extraction
Proceduredor extractionof DNA, RNA, protein,
glucose,lipid and ATP fractions extractionwere
followed accordingto modified Schneidermeth-
ods™

Briefly, 0.2ml of culturedfertilized eggswere
homogenizedn a small volume of distilled water
by sonicationfor 1 min at 2Hz. An aliquot was
withdrawn for subsequenprotein extraction.The
remaining volume was centrifugedat 5000g, at
roomtemperatureFromthe supernatantnaliquot
waswithdrawnfor the glucosedeterminationThe
remaining supernatanwas mixed with the solid
residue,and cold trichloroaceticacid (TCA) was
addedup to 6% (w/v) final concentration.The
solution was first maintainedfor 10 min in anice
bath,thencentrifugedat 4000g for 15min at4 °C.
The supernatantwas withdrawn and stored at

Appl. Organometal Chem.14, 229-235(2000)
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Figure 2 (a) Cionaintestinalisswimminglarvae.(b) Larvaeoriginatingfrom two-cell stageeggsincubatedin 10~’M (BusSh)
[mesetetra(4-carboxyphenyl)porphinatsblution. Somelarvae havetwistedtails in membranes(c) Blocked two-cell stageeggs
incubatedin 107°M (BusSnu[meso-tetra(4-carboxyphenyl)porphinatsplution. The blastomeregailed to developandthe eggs
appear to be unsegmented.(d) Anomalous blocked 2—4-cell stage eggs incubated in 10'M (BusSn)[mesetetra-
(4-carboxyphenyl)porphinatejolution. The blastomerefiavean abnormalspatialdisposition.Magnification x 56.

—80°C for the subsequentATP determination. (3:1, v/v) solutions. For each step, the 5000g
Pelletswere usedfor separatiorof lipids. supernatanfraction was withdrawn. Final pellets

Extractionwasperformedn five stepstwo steps  were processedfor RNA and DNA fraction
in 95% ethanoland three stepsin ethanol-ether preparations. The pellets were incubated into

Copyright© 2000JohnWiley & Sons,Ltd. Appl. Organometal Chem.14, 229-235(2000)



232

C.MANSUETOETAL.

Table 1 Developmentof fertilized eggsincubatedin seawateisolutionsof diorgano-andtriorganotin(lV) [mese

tetra(4-carboxyphenyl)porphinafe]

Developmenstag®,%

Concn Anomalous  Anomalous  Swimming
Compound (M) 2-4cells 4-8cells Gastrulae embryos larvae larvae
H,TPPC 10-? 100

10” 100
(Me,Sn),TPPC 10*? 100

10~ 100
(Bu,Sn)TPPC 10-? 100

10° 80 20

N _

Ph,SnyTPPC 1o§ 100

10~ 50 50
(Me3Sn),TPPC 10—3 100

10~ 50 50
(BusSnyTPPC 10-? 100

10° 100
(PhsSn),TPPC 10°° 100

107 50 50

aH,TPPC [mesetetra(4-carbxyphenyl)porphine]TPPC, [mesatetra(4-carboxyphenyborphinate];Me, methyl; Bu, butyl; Ph,

Ehenyl.

The control gave rise to 90% swimming larvae. Resultsare presentedas the percentageof developedeggs,arrestedat an
intermediatestage,or developedo swimminglarvae,averagedrom five experiments.

0.3M KOH for 20h at 37 °C, thenneutralizedwith
6 M HCIO, (PCA) andthe KCIO, saltformedwas
removedby low-speedcentrifugation.

DNA was precipitatedby a 5% PCA (v/v, final
concentration)solution, and collected as a pellet
after 1L0min of centrifugationat 10000g at 4 °C.

The supernatantfraction was used for RNA
determinationThe pellet washydrolysedwith 5%
PCA solutionin Sovireltubesat 90°C for 15min;
the DNA fractionwastakenasthe supernatanof a
10min centrifugationat 100009 at4 °C.

Methods of determination

DNA, RNA and lipid contentswere determined
accordingo standardnethodsalreadydescribedy
Snell}? Brown!® and Marsh and Weinstein**
respectively.

Protein contentswere determinedaccordingto
the modified Lowry method™® with a P5656 kit
(SigmaChemicalCo., St. Louis, MS, USA) after
precipitationwith 5% TCA and collection of the
insoluble material as a pellet from a 100009
centrifugation.

Finally, glucoseand ATP contentswere deter-
mined accordingto the GOD—-POD-PAPmethod
with a 1131.4SentinelCH (Milano, Italy) kit, and
to the PGK-GAPD-NADH method with a 366
SigmaChemicalCo. kit, respectively.

Copyright© 2000JohnWiley & Sons,Ltd.

All cultures and extractions were performed
threetimes, while eachdeterminationwas carried
out twice.

RESULTS

Observations in vivo

Controls

The fertilized Cionaintestinaliseggsdevelopinto

two-, four-, eight-, 16-cell, etc., blastomeresthen
into gastrulaeneurulaeandswimminglarvae(Fig.

2a). These possessa neural tube, myotomes,
pharyngealgills, notochord,an ocellus or simple
eye and an otolith, a gravity receptor. The
developmenttime is about 24h: 90min from

fertilization to the two-cell stage;5-6h up to the
gastrulaestage,7.5h up to the neurulae;and 24 h

up to thelarva.

Incubation of two-cell stageeggsin
diorganotin(IV) and triorganotin(lV) [mesoe
tetra(4-carboxyphenyl)paphinate]

The resultsof incubationof two-cell stageeggsin
diorganotin(IV)andtriorganotin(IV)[mesetetra(4-
carboxyphenyl)porphinia], (R,SnhTPPC and

Appl. Organometal Chem.14, 229-235(2000)
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Figure 3 ATP/DNA, glucose/DNA Jipids/DNA, RNA/DNA andproteins/DNAratiosdeterminedat two different concentrations
of (BusSny[mesatetra(4-carboxyphenyl)porphinatel, 1 x 107°m; L, 1 x 10”7 m; C, control.

(RsSnTPPC (R=Me, Bu, Ph) solutions are
reportedin Table 1, which showsthat while the
free ligand, [mesetetra(4 carboxyphenyl)por-
phine], was toxic at 1x 107°M concentration
becauseof the egg developmentarrest at the
gastrulaestagejn 1 x 10~ ' M ligand concentration
the fertilized eggs developedup to anomalous
larvae with short tarls An analogousresult was
obtainedin 1 x 10>M solutionsof (R,Sn)TPPC
(R=Me, Ph) and (PhsSn)TPPC, while undiffer-
entiated embryos and anomalous larvae were
obtained in 1x 10" '™ solutions of the same
derivatives (Table 1).

In 1 x 10 >m (MesSnuTPPCsolution,the eggs
blocked at the early gastrulaestage,while those
incubatedin 1 x 10"’ M solutiongaverise to 50%
normallarvaeand50%anomalougarvae,(Fig. 2b).

The |ncubat|onof eggsat the two-cell stagein
1x 10°>m (Bu,Sn),TPPC solution allowed them
to undergoonly two to three mitosis, while in
1 x 10" ™ solutionthe eggsdevelopednto 20%
normallarvaeand 80% anomaloudarvae.

Finally, the embryos at the two-cell stage
stoppeddevelopingin 1 x 107°>M tributyltin(IV)-
[meso-tetra(4-carboxyphgl)porphinate]

[(BusS }JPPC] solution (Fig. 2c), whereasin
1 x 10 “ M solution the eggsachievedthe 4-16-
cell stage (Fig. 2d). In this latter case the

Copyright© 2000JohnWiley & Sons,Ltd.

blastomerespresentedan anomalousspatial dis-
positionpattern.

Biochemical results

Thesearerepresentedby histogramsn Figs 3 and
4. In Fig. 3, the biochemicalentitiesanalysedare
expressedsratiosrelativeto the DNA presentper
cell, i.e. as the ratios ATP/DNA, glucose/DNA,
lipids/DNA, RNA/DNA and proteins/DNA. As
expected for the high cytotoxicity of
(BusSn)TPPC, all the ratios obtained from the
determinationsn the (BusSn)TPPC-cultureder-
tilized eggswerelowerthanthosedeterminedn the
fertilized control eggs. Furthermore the ratios of
the H cultures[1 x 10°M (BugSn),TPPC solu-
tion] were lower than the ratio of the L cultures
[1x10 "M (BugSnyTPPC solution]. Figure 4
showsthe samedatatabulatedaspercentagesyith
respecto the control (100%).

The resultsshow that the ATP, glucose,lipid,
protein and RNA contents obtained for the H
cultureswere around50% or lessthanthosefrom
the control. On the contrary, the contents of
proteins, glucoseand RNA obtainedfrom the L
cultureswere very closeto thoseof the controls,
whereaghe ATP andlipid contentswerelessthan
70% of thosein the control.

Appl. Organometal Chem.14, 229-235(2000)
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Figure 4 Percentagef ATP, glucose,lipids, RNA and proteinsin the presenceof (BusSn)[mesetetra(4-carboxyphenyl)por-
phinate]calculatedrelative to the samecompoundgresenin the control.

DISCUSSION

The data reportedin this paper all supportthe
conclusionthat someof the organotin(IV) [mese
tetra(4-carboxyphe)porphinatejunderinvestiga-
tion act, like otherpreviouslytestedderivative 15—
” as heavy toxicants. The cytotoxicity of the
complexesdecreasedaccordingto the following
trend:

(BuzSn), TPPC> (Bu,Sn),TPPC>
(PhsSn), TPPC= (Ph,Sn),TPPC>
(MesSn), TPPC> (Me,Sn), TPPC
The mosttoxic derivative,(BusSnTPPC,acted
during mitosis. The less toxic derivatives were

Copyright© 2000JohnWiley & Sons,Ltd.

effective during the gastrulaestage,or at lower
concentrationsheyactedlaterin developmentthe
larvae were anomalouswith short tails in mem-
branes. The cytotoxicity of the (BuzsSn)TPPC
derivative included molecular mechanismsonce
the compound migrates inside the cell, it may
immediatelydisruptthe cell metabolismof RNA,
proteins,lipids, glucoseand ATP.

Thechoiceof presentinghe dataasratios(u.g of
investigateccompound/ug of DNA percell) arose
fromtheconsideratiothatonly theDNA contentis
a cellular constant Another point to considerwas
thattheamountof DNA in thecontrolappearso be
double that in uncleaved (BusSn)TPPC-treated
fertilized eggs.This canbe explainedon the basis
thatwhereasn the control the fertilized eggswere

Appl. Organometal Chem.14, 229-235(2000)
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at the two-cell stage the uncleavedertilized eggs
from organotin-treatedegg cultures not only
maintainedhe one-cellmorphologybut also,when
observedunder the electron microscope,did not
show any nuclear area® thereby suggestingan
inability to synthesizeDNA. Theproblemnowis to
explain the molecularreasonfor the blockageof
cleavageby (BusSn)TPPC. A concentrationof
1 x 10 °w™ blocked cleavageand drastically re-
duced the amountsof all the compoundsdeter-
mined; but whenthe concentratioremployedwas
1x 10 " wm, the situationappearedlifferent: RNA,
proteinandglucosevaluesreachedalmostthoseof
controls,thus showingthat suchcompoundsvere
not directly involved in the (BusSn),TPPCmech-
anism.As far asthelipids and ATP areconcerned,
evenat this low (BusSn)TPPCconcentrationthe
valuesobtainedwerestill quite low comparedwith
thosefound in controls. This could meanthat the
blockageof cleavagevasnot connectecaitherwith
thedecreas@ RNA or with theproteinsynthesior
glucosebreakdownput it waslinked to the energy
inefficiency (ATP loss)and/orto thelossof lipids.
As alreadyknown, ATP contentamainly arisefrom
theKrebscycle,evenfrom glucosebreakdownput
only subsequentlfrom othersourcesuchaslipids.
In our experiments,while the lipid and ATP
contentsdecreasedthe glucose content did not
vary appreciablyand it was maintainedalmostat
the control level. This could imply that a lipid
sourceof this ATP is lost. Someexplanationgould
be given at this point: i.e., cleavagedid not occur
becausef the lack of energy,or an ATP shortage
provokeda cAMP deficiency.Thelatterideacould
beinterestingsincecAMP comedrom ATP, by the
action of adenylatecyclase located on the cell
membrane.and cCAMP is necessaryto phosphor-
ylate protein kinasewhich in turn is necessaryo
phosphorylateubulin for mitotic spindleformation
and egg cleavage.But lipids and ATP are also
presentin mitochondria,which were found to be
seriouslydamagedy (BuszSn)TPPCcompounds;
meanwhile, peroxisomesincreased, probably in
orderto usethe excessf cellular O, causedby a
reduced respiratory activity. Another possibility
was that, inside the mitochondria,the porphyrin
group of (BusSn)TPPC might competewith the

Copyright© 2000JohnWiley & Sons,Ltd.

porphyrin group of cytochromeand thereforeit
might damagethe H-pumpfor ATP production.

In conclusion,whateverthe molecularmechan-
ism of (BusSn)TPPC that blocks fertilized-egg
cleavagethe primary effect seemgo be damageo
the molecular membrane structure, i.e. to the
mitochondrial membrane,or cellular membrane,
or both.
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