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Considerable attention has been given in recent
years to the possibility that xenobiotics in the
environment may affect reproduction in ani-
mals. In this study, the relative impact of
tributyltin(IV) (TBT) chloride, one of the most
toxic environmental pollutants, was investigated
usingCiona intestinalisovary as a model system.
The pleiotropic effects of TBT exposure are
concentration dependent and include a decrease
of ATP levels, lipid content and nucleic acid
content and synthesis. In contrast, a marked
increase in calcium (Ca2�) and glucose content is
observed. Furthermore, TBT alters enzymatic
activity, inhibiting creatine kinase and stimulat-
ing alkaline phosphatase and cholinesterase (at
concentrations higher than 10ÿ5M in sterile sea
water solution). The implications of these effects
on reproduction and embryonal development
are discussed, along with the possibility that they
reflect an extreme cellular defence mechanism
triggered to avoid deleterious consequences for
the survival of the species. Copyright# 2001
John Wiley & Sons, Ltd.
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INTRODUCTION

There is evidence that many estuarine and coastal
waters, in particular within the Mediterranean Sea,
are heavily polluted by organotin compounds. In a
number of reports, the effects of organotin
compounds on animals and mammalian cells have
been investigated. Some organotin compounds are
neurotoxic and immunotoxic.1 In tunicates, they
affect phagocytic activity of haemocytes,2–4 apop-
tosis5 and cytoskeletal alteration during the first cell
cleavage6,7 and in phagocytes.8,9

Organotin compounds also inhibit phagocytosis
and exocytosis in the rabbit.10 It has been demon-
strated that tributyltin(IV) (TBT) derivatives affect
chromosome structure in molluscs and fish.11,12

Moreover, a number of biochemical systems have
been shown to be sensitive to organotin com-
pounds, e.g. oxidative phosphorylation and ATP-
ase activity are inhibited in calf heart mitochon-
dria.13,14 Reduced levels of nucleic acids, lipids,
proteins, glucose and ATP content have been
observed in ascidian embryos after treatment with
TBT porphinate derivatives.15 At the ultrastructural
level, the plasma membrane, mitochondria and
myofibril structure of ascidian embryos exposed to
organotins are damaged.16,17

Recently, it has been demonstrated that many
substances can compromise the reproductive sys-
tem. They can impair the production of gametes and
alter genotype, structure and functionality, with the
risk of severe damage to the fertilization process
and the embryo.18–20 In many marine prosobranch
snails, TBT compounds induce abnormalities in the
female sexual apparatus,21,22 leading to reproduc-
tive failure and to population decline.23 Other
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reportsindicatethat fish, birds, reptiles,mammals
andotherspeciesinhabitingenvironmentspolluted
with syntheticcompoundsalsosuffer reproductive
problems.19,20 Previousresearchon ascidianga-
metes has shown that exposure to organotin
compoundsleads to reducedsperm motility and
loss of the fertilization power of eggs.6,7 In this
study,theovaryof Cionaintestinaliswaschosenas
a model systemin order to understandbetter the
biological mechanismsunderlyingthe TBT chlor-
ide (TBTCl) toxicity on the reproductivesystem.
During ascidianoogenesisit is possibleto demon-
stratethree periodsof syntheticactivity: the first
period is characterizedby mitotic activity of the
germ cells and DNA synthesisis predominant;in
the secondperiod, RNA (particularly rRNA) and
proteins are intensively synthesized; the third
periodis mainly characterizedby synthesisof yolk
proteinsand lipids.24,25 It also seemsthat the test
cells which surroundthe oocytescontributeto this
intensesynthetic activity by furnishing nutritive
substancesto thecytoplasmof theoocytes.A high
incorporationof proteinsand nucleic acid precur-
sorsis observedin thesecells.24,26 In particular,in
ascidians the determinationof cell fate during
embryogenesisappearsto be mediatedby cyto-
plasmicfactorsor determinants.Thesearethought
to originateduring oogenesis,localize in the egg,
segregateinto different cell lineagesduring clea-
vageandeventuallyregulategeneexpression.27–29

This study investigates the effects of TBT
exposureof the C. intestinalis ovary on nucleic
acid, protein and lipid metabolism,cellular ATP
andCa2� levelsandenzymaticactivity.

EXPERIMENTAL

Chemicals

Sterile seawater (SSW) wasobtainedby filtering
and pasteurizing at 80°C normal sea water,
containing 100mg of chloromycetin/ml. TBTCl
was a gift from Witco GmbH (Bergkamen,
Germany).A 0.1mM TBTCl solutionwasprepared
by dissolving the compoundin 0.07% dimethyl-
sulfoxide(DMSO)containingSSW.Then10ÿ5 and
10ÿ7 M solutions were obtainedby dilution and
their total tin contentswerecheckedusinga Perkin
Elmermodel3100atomicabsorptionspectrometer
(equippedwith a Perkin Elmer model 100 flow
injection analysissystemfor atomicspectroscopy)
according to standard procedures.The solvent

DMSO, usedbecauseof the low solubility of the
compound in non-coordinatingsolvents, was a
Merck (Darmstadt,Germany)reagent.3H-thymi-
dine (25–30 Ci mmolÿ1, TRK 120), 3H-uridine
(25–30Ci mmolÿ1, TRK 178)and,3H-leucine(25–
30 Ci mmolÿ1, TRK 178) were from Amersham
chemicals(Buckinghamshire,UK).

Ca2� content (Kit N. 587 A) and the enzyme
activity of creatinekinase(Kit N. 45.1),cholines-
terase(Kit N. 420 MC) and alkaline phosphatase
(Kit N. 104-LS)weredeterminedby usingappro-
priatereagentsfrom SigmaChemieGmbH (Stein-
heim,Germany).

Cultures

Ovaries of C. intestinalis were removedfrom a
numberof animalsand,afterwashingin SSW,were
divided into threebatches:thefirst wasculturedin
SSW and usedas a control; the other two were
cultured in TBTCl solutionsat concentrationsof
10ÿ5 M and10ÿ7 M (all in SSW),andusedastests
to study biochemical TBT effects. After 24h
incubation at room temperature,ovaries of the
threebatcheswere washedseveraltimes in SSW
and frozen at ÿ80°C until appropriateextraction
and analysis.To investigatethe effects of TBT
exposureon the synthesisof nucleic acids and
proteins,ovarieswereincubatedfor 24h at25°C in
10ÿ5 and 10ÿ7 M TBT-containing media, in the
presenceof labeledradioactiveprecursorsto DNA,
RNA andproteins:3H-thymidine,for DNA synth-
esis; 3H-uridine, for incubationin control ovaries
and for RNA synthesis;3H-leucine, for protein
synthesis.Control ovarieswereincubatedfor 24h
in SSW,wherethe appropriatelabelledprecursors
were dissolved.10mCi mlÿ1 of appropriatepre-
cursor was used for the incubation and the
incorporationof the label was stoppedafter 24h
by adding0.1vols of 10ÿ2 M of thesame,but non-
labeled,precursorin SSW.

Ovariesof eachbatchwerewashedseveraltimes
in SSW and kept at ÿ80°C until appropriate
extractionandanalysis.

Extractions and analysis

DNA, RNA, proteins,lipids,glucoseandATP were
extractedand analysedas previouslydescribed.15

To study the TBT effects on nucleic acid and
proteinsynthesis,ovaries,previouslyincubatedin
each of the radioactive precursors,were homo-
genized separately,and each homogenatewas
divided into three parts. From each fraction, the
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extractionandanalysisof DNA, RNA andprotein
wereperformedasusual.15

Radioactivitywasmeasuredascpm (countsper
minute) with a BeckmanLS1800 liquid scintilla-
tion counter. The scintillation solution was an
aqueouscounting scintillant, ACS (Amersham,
Buckinghamshire,UK). Aliquots were also with-
drawn from the initial homogenatesto determine
Ca2� contentand enzymaticactivity, (in Interna-
tional Units) of creatinekinase,cholinesteraseand
alkaline phosphatase.All valueswere the average
of threedeterminations�S.D.andwerenormalized
to protein massas in C. intestinalis; a constant

protein amount correspondsto a prefixed egg-
number.30,31 The datawereplottedaspercentages
of thecontrol value,which wasconsidered100%.

RESULTS

Figure1 summarizestheeffectsof TBT exposureof
C. intestinalis ovaries on creatine kinase and
alkalinephosphataseactivity, ATP, Ca2�, glucose,
lipids, nucleicacids,proteincontentandsynthesis.
As all dataare plotted as a percentageof control
values,theeffectof TBT on cholinesteraseactivity
couldnot beplottedin Fig. 1, astheenzymeis not
detectablein control ovaries(vide infra).

The total nucleic acid contentsin control and
TBT-exposedovariesareshownin Table1.

TheDNA contentdecreasesto almosthalf of the
control value in the ovaries exposedto 10ÿ5 M
TBT. A substantialreductionof theRNA contentis
alsoobservedunderthe sameconditions.In Table
2, newly synthesizedproteinsandnucleicacidsare
analysedby measuringthe specificactivity of the

Figure 1 Effectsof TBT exposureof C. intestinalisovary,on creatinekinase,alkalinephosphataseativity, ATP, Ca2�, glucose,
lipids, nucleic acids and protein content and synthesis.All data are plotted as a percentageof control values (100%). The
concentrationof eachvariablemeasured,at thetwo differentTBT levels(control→ 10ÿ5

M TBT level andcontrol→ 10ÿ7
M TBT

level), wereanalysedwith a U test.32

Table 1 Relativeamountof nucleicacids(micrograms
of nucleic acids per milligram of proteins;averageof
threedeterminations).Thepercentagewith respectto the
control is reportedin parentheses

Culture DNA RNA

Control 9.9� 0.2 117� 2
TBT, 10ÿ5 M 5.4� 0.2 (54.5%) 89� 3 (76.1%)
TBT, 10ÿ7

M 8.2� 0.2 (82.8%) 94� 9 (80.3%)
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biomoleculesextractedfrom theovariesexposedto
TBT in thepresenceof theappropriateradioactive
precursor.Valuesareexpressedasspecificactivity
of 3H-DNA (cpm of incorporated3H-thymidine
overmicrogramsof totalDNA extracted),3H-RNA
(cpm of incorporated3H-uridine over micrograms
of total RNA extracted),and 3H-proteins(cpm of
incorporated3H-leucineover microgramsof total
proteinsextracted).

The mostdrasticeffect appearsto beon nucleic
acid synthesis.A sharpdecreaseof DNA specific
activity to 36.0%of thecontrolvalueis observedin
the ovaries exposedto 10ÿ5 M TBT solution. A
much less drastic decrease,88.0% of the control
value,is alsoobservedin ovariesexposedto 10ÿ7 M
TBT solution.

A noticeableeffect on RNA synthesisis also
found.Ovariesexposedto 10ÿ5 M and10ÿ7 M TBT
arecharacterizedby decreasesof 66.7%and71.2%
in RNA specificactivity respectively.Interestingly,
there is very little difference in protein specific
activity with respectto the control value.Overall,
TBT seemsto alter preferentiallythe nucleic acid
metabolism.

From Table 3, 15.8% and 9.3% reductionsof
lipid content(with respectto thecontrolvalue)are
observedin ovariesexposedto 10ÿ5 M and10ÿ7 M
TBT solutionsrespectively.ATP contentbasically
remainsat control values in ovaries exposedto
10ÿ7 M TBT, whereasa 12.4%reductionof ATP is
observedupon exposureto 10ÿ5 M of pollutant.
TBT inducesa greater than twofold increaseof
glucose content when ovaries are exposedto a
10ÿ5 M solution of pollutant, and causesa slight
decreasewhen presentat a lower concentration
(10ÿ7 M). A similar patternis alsoobservedwhen
investigatingCa2� contentafterTBT exposure.The
pollutant,in fact, inducesa65.8%increaseof Ca2�

in ovariesexposedto 10ÿ5 M TBT, and causesa
10.5%decreaseat lower concentrations(10ÿ7 M).
Table 4 showsspecific activities of the enzymes
investigatedwith valuesexpressedin International
Units over milligrams of protein. When assaying
for creatine kinase activity, a dramatic 73.0%
decrease,with respectto thecontrolvalue,is found
in ovaries exposedto 10ÿ5 M TBT, whereasa
24.3% decreaseis induced by 10ÿ7 M TBT. In
contrast,alkalinephosphataseactivity increasesat

Table 2 Specificactivity (cpm/mg) of theprotein,DNA andRNA ‘ex novo’ synthesizedafterexposureof theovaries
to TBTCl. Thepercentageof eachspecificactivity with respectto the control is reportedin parentheses

Culture Proteins DNA RNA

Control 39� 2 25� 2 18� 1
TBT, 10ÿ5 M 37� 2 (94.9%) 9� 0.3 (36%) 12� 1 (66.7%)
TBT, 10ÿ7 M 38� 2 (97.4%) 22� 1 (88%) 12.8� 0.4 (71.2%)

Table 3 Lipids, glucose,ATP andCa2� concentrations,expressedasmicrogramsof thecompoundpermilligram of
proteins (averageof three determinations),in the ovaries after exposureto TBTCl. The percentageof each
concentrationwith respectto thecontrol is reportedin parentheses

Culture Lipids Glucose ATP Ca2�

Control 463� 10 0.15� 0.01 17.69� 0.65 3.8� 0.4
TBT, 10ÿ5 M 390� 12 (84.2%) 0.35� 0.03(233.3%) 15.5� 0.5 (87.6%) 6.3� 0.5 (165.8%)
TBT, 10ÿ7 M 420� 15 (90.7%) 0.14� 0.01(93.3%) 17.53� 0.48(99.10%) 3.4� 0.4 (89.5%)

Table 4 Enzyme activity, expressedin International Units per milligram of proteins (average of three
determinations),after exposureof the ovariesto TBTCl. The percentageof eachconcentrationwith respectto the
control is reportedin parentheses

Culture Creatinekinase Alkaline phosphatase Cholinesterase

Control 0.37� 0.07 0.25� 0.06 0
TBT, 10ÿ5 M 0.10� 0.04(27.0%) 0.29� 0.04(116.0%) 0.6� 0.2
TBT, 10ÿ7 M 0.28� 0.08(75.7%) 0.27� 0.05(108.0%) 0
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both TBT concentrationstested,with the highest
increase of activity, being detected in ovaries
exposedto the highestconcentrationof TBT used
in this study. Interestingly,cholinesteraseactivity
was found only in the ovariesexposedto 10ÿ5 M
TBT, beingundetectablein thecontrolovaries,and
in theovariesexposedto 10ÿ7 M TBT.

DISCUSSION

The dose-concentration-dependent behaviour of
TBT toxicity on C. intestinalisovary is consistent
with previous data obtained in vivo at the
ultrastructural level, in eggs and embryos.7,16

Moreover,it hasbeennoticedthat the effectsare
also incubation-time-dependent.7,11,16,17 TBT al-
ready leads to a decreaseof nucleic acids upon
exposureto thelowestconcentration(10ÿ7 M) used
in this study, causing a dramatic reduction of
nucleic acid contentand synthesisat the highest
concentration (10ÿ5 M) used. Moreover, when
comparedwith controlvalues,TBT causesagreater
relative reductionof DNA than of RNA content.
The DNA decreasein the ovary is indicative of
reductionof cellular reproduction,the first stepof
oogenesis, suggesting TBT inhibition of the
production of germinal cells, which give rise to
eggs,with drasticconsequencesfor thesurvivalof
thespecies.Thetestcellswill, mostlikely, alsobe
affected,as in oogenesistheir role is to reproduce
actively; it is suggestedthat in this period their
function is to nourishand protect the egg.24,26 In
this study,we did not addresshow TBT decreases
DNA content.However,one possibility is that it
could do so by triggering apoptosis,an innate
cellularsuicidaldefenceprogram,knownto bewell
conservedthroughevolution.33 A molecularhall-
markof apoptosisis a characteristicdegradationof
cellular DNA, and various in vitro studieshave
shown that exposureto TBT, rather than being
directly cytotoxic, actually triggers programmed
cell death.TBT is, indeed,well known to induce
apoptosisin mammalsandhasalsobeenreportedto
trigger apoptosisin fish,34 marine sponges35 and
tunicates.5 The available evidencestrongly indi-
catesthat the intracellularCa2� increaseobserved
upon TBT exposureplays a pivotal role in this
modeof cell death.Interestinglyenough,our data
show that 10ÿ5 M TBT also induces a marked
increaseof Ca2� contentin C. intestinalisovaries.
Organotin-inducedapoptosishasbeenthoroughly
investigatedusing rat thymocytesas a model. In

this system, TBT promotes cellular suicide by
activating cysteine proteases(called caspases),
which selectively cleave vital cellular substrates
and this resultsin internucleosomalfragmentation
of DNA by selectivelyactivatedDNases.36,37

TBT is also known to induce a rapid increase
of intracellular Ca2� levels (vide supra) and
Ca2� chelation by EGTA [ethyleneglycol-bis-
(b-aminoethylether)-N,N,N',N'-tetra-acetic acid]
and/or BAPTA, [1,2-bis(2-aminophenoxy)ethane-
N,N,N',N'-tetra-aceticacid], andcanblock caspase
activation and TBT-induced apoptosis. In this
pathway,the rise in Ca2� contentis a prerequisite
for postmitochondrialeventsinvolved in caspase
activationleadingto inductionof apoptosis,events
which TBT-exposedcells grown in a Ca2�-free
mediumareableto evade,dying by necrosis.38

Another feature observedduring TBT-induced
apoptosisis mRNA degradation.39 mRNA is the
primaryproductof thegeneinformationcontained
in the DNA molecule:it is the templateusedfor
translation,the synthesisof proteins.An intense
synthesisof RNA occursin the nucleus(a major
portion beingsynthesizedin the nucleolus:rRNA)
of germinalcellsduringascidianoogenesis.25 This
RNA will be used during the first steps of
embryonal developmentwith synthetic activity
resumingonly later, that gastrulastage.30

Reductionof RNA contentwasobservedin the
ovariesexposedto TBT-containingmediaandcan
be interpretedasa direct effect dueto decreaseof
RNA stability, or as an indirect effect linked to
alterationof geneactivity. With regardto protein
synthesis,at bothconcentrationsusedin this study,
only a small reduction with respect to control
valueswas observedin ovariesexposedto TBT.
Takenat facevalue,thedatasuggestthatTBT does
not havea remarkableeffect on translationin C.
intestinalis ovaries. However, one must keep in
mind that a strong increasein the synthesisof a
specificsubsetof proteinscouldrenderdetectionof
a moregeneraldecreaseof proteinsynthesismore
difficult. In this regard,it is worth notingthatTBT
is a potentinducerof theheat-shockresponse,38–40

promoting neo-synthesisof stressproteins from
mRNA alreadypresentin theoocytesaswell asby
inducing the synthesisof new mRNA encoding
suchproteins.

The synthesisof stress proteins representsa
fundamentaluniversal protective mechanismne-
cessary for cell survival under a variety of
unfavourableconditions. Consideringmarine in-
vertebrates,inductionof stressproteinsynthesishas
beenobservedin crayfish.41,42Moreover,TBT has
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been also shown to promote synthesisof such
polypeptidesin the rotifer Brachionusplicatilis.43

Furthermore,10ÿ5 M TBT has been reported to
decreaseprotein synthesissignificantly in other
cell-types;44 in that study, it was a dramatic
reduction of the ATP levels that seemedto be
responsiblefor the effect. In this respect, it is
remarkablethatin C. intestinalisovariesexposedto
10ÿ5 M TBT, ATP content decreasesonly by
12.4%. Considering that TBT exposure causes
severe damage to mitochondria,16,17 the major
cellularsitesof ATP production,onewould expect
massiveATP depletion,unlesscellularATP levels
were maintainedthrough an alternativepathway.
Indeed,it is well known that triorganotinsdisturb
mitochondrialactivity by binding to a component
of theATP synthasecomplex,inhibiting mitochon-
drial ATP synthesis.44,45

Interestingly,it hasrecentlybeenreportedthat
intracellularATP levelscanmodulatethemodeof
cell death after exposureto TBT, with necrosis
following ATP depletionand apoptosisfollowing
glucose-dependentmaintenanceof ATP levels.46

Furthermore,thesamestudyprovidesevidencefor
the requirement of cellular ATP for caspase
activation.In orderto gaininsightinto theapparent
maintenanceof ATP levels, despite the TBT
perturbationof mitochondrialactivity, we decided
to quantify cellular glucosecontentin our system.

Indeed, we observeda dramatic increaseof
glucose in 10ÿ5 M TBT-exposed ovaries, with
respect to the control ovaries, making it very
tempting to speculatea possible induction of a
compensatorymechanismaimed at maintaining
cellular ATP levels by mobilizing glucose to
increase glycolitic ATP production. In further
investigating the effects of TBT exposure on
energeticmetabolism,creatinekinaseactivity was
assayed.

This enzymecatalysesthe transferof inorganic
phosphatefrom ATP to creatine,producingphos-
phocreatine(energeticreserve)andADP. Our data
show decreasedenzymeactivity following TBT
exposure.In particular, the 73.0% reduction in
creatinekinaseactivity observedat thehighestTBT
concentration(10ÿ5 M) usedin this studycanonly
be partially explainedby the mild ATP depletion
observedafter TBT treatment.It is possiblethat
TBT disturbance of the mitochondrial proton
gradientcoulddivert electronsfrom therespiratory
chain,leadingto the formationof reactiveoxygen
species,which have been reported to inactivate
creatinekinaseby oxidating critical SH groups.47

Alternatively, the reduced activity of creatine

kinasecould be due to a direct interactionof the
organotinwith theprotein.This inhibitory effectof
TBT on enzymaticactivity seemsto be specificto
creatine kinase, in that alkaline phosphatase
increasesandcholinesteraseactivity is presentonly
in ovariesexposedto TBT 10ÿ5 M, being absent
both in thecontrol ovariesandin thoseexposedto
TBT 10ÿ7 M. Alkaline phosphataseis synthesized
in the endodermiccells during embryonaldevel-
opmentand is segregatedin the cells that become
the branchial and digestive tissuesof the post-
metamorphicjuvenile and adult.48,49 It has been
demonstratedthatactinomycinD (inhibitor of RNA
synthesis)does not affect the synthesisof this
enzyme,whereastranslationinhibitors reduceits
expression.Therefore,themRNA codingfor alka-
line phosphatasemust already be presentin the
cytoplasm of oocytes and segregatedin the
endodermiccells during development.50 Our ob-
servationsindicatea moderateincreaseof alkaline
phosphataseactivity afterexposureof ovarycellsto
TBT. It is interestingthat thesameresulthasbeen
observedin unfertilized eggs of C. intestinalis
treatedwith calcium ionofore A 23187,51 which,
like TBT, is known to trigger cell deaththrougha
mechanismin which an increaseof Ca2� content
seemsto play a major role.45

The effect of TBT exposureon enzymeactivity
is moredramaticfor cholinesterase.In our experi-
ments the enzyme is not detectablein control
ovaries,52 nor in ovaries incubated in 10ÿ7 M
solution, but it becomes clearly detectable in
ovaries incubated in 10ÿ5 M solution. Previous
reports indicate that cholinesteraseis a major
contributor to total enzymatic activity in C.
intestinalis.53 However, this enzyme appearsat
the neurulastage,localizing in musclecells of the
swimminglarva.Perhapsthe anticipateddetection
of cholinesterasein TBT-exposedovariesis dueto
a positive regulationof the enzyme’sexpression,
mediatedby TBT. Indeed, there is evidenceof
changesin geneactivity observedin responseto
physical and chemical stress.54,55 Furthermore,
TBT has been shown to induce gene regulatory
pathwaysthroughactivationof NF-kB, a transcrip-
tion factor thatcontrolstheinducibleexpressionof
variousgenesinvolvedin cellulardefencemechan-
isms.Interestingly,TBT-inducedNF-kB activation
is precededby anincreasein intracellularCa2� and
is almost completely abrogated by BAPTA.56

Finally, we observeda slight decreaseof lipid
content.Thiscouldreflectmoleculardisorderat the
level of theplasmamembraneandothercytomem-
branes (mitochondria, nuclear envelopes, etc.)
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inducedby TBT.16 Indeed,TBT is a well known
membrane-activemolecule57,58 and its effect on
biomembranesis a fundamentalaspectof TBT
toxicity. By disturbing membrane structure, it
affects cell function, as cellular interactionswith
the surroundingenvironmentaremediatedby cell
membranecomponents.TBT is alsoa well known
anion carrier in membranes59,60 and could sever
importantcytoskeletalinteractionsby sequestering
anionic poshatidylinositol-4,5-diphosphate.61 In
addition, one can imagine a potential production
of tri-n-butylstannylperoxyfree radicals59 which
could lead to lipid peroxidation, extending the
lipotoxic effects to non-membranecomponents,
suchasyolk lipids, critical during ascidianoogen-
esis.

We concludethatTBT stronglyaffectsUrochor-
dataoogenesisby interferingwith normalcellular
metabolism and enzyme activity, possibly by
triggering extremecellular defencemechanisms.
Changesin germinal cells causedby TBT could
causedeleteriousalterations,such as changesin
gene expression,which could lead to altered
productionand, consequently,an anomalousseg-
regationof cytoplasmicdeterminantsinto different
lineages during early cleavage, thus causing
anomalousembryodevelopment.The likely possi-
bility that, uponTBT exposure,thesecells choose
to activate cellular suicide to avoid aberrant
embryonaldevelopmentis currently being tested.
In conclusion,this study shows that the female
reproductive system in Urochordata is heavily
affected,at a biochemicallevel, by the chemical
pollutantTBT.
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