APPLIED ORGANOMETALLIC CHEMISTRY
Appl. Organometal. Chen2001;15: 213-220

Organometallic complexes with biological
molecules. XV. Effects of
tributyltin(lV)chloride on enzyme activity,
Ca?", and biomolecule and synthesis in Ciona
intestinalis (Urochordata) ovary
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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
using Ciona 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 (C&") and glucose content is
observed. Furthermore, TBT alters enzymatic
activity, inhibiting creatine kinase and stimulat-
ing alkaline phosphatase and cholinesterase (at
concentrations higher than 10°m 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 immunotoxit.In tunicates, they
affect phagocytic activity of haemocyt&s’ apop-
tosis’ and cytoskeletal alteration during the first cell
cleavag@’ and in phagocyte$?

Organotin compounds also inhibit phagocytosis
and exocytosis in the rabbi?.It has been demon-
strated that tributyltin(IV) (TBT) derivatives affect
chromosome structure in molluscs and fisH?
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’®* Reduced levels of nucleic acids, lipids,
proteins, glucose and ATP content have been
observed in ascidian embryos after treatment with
TBT porphinate derivatives’ At the ultrastructural
level, the plasma membrane, mitochondria and
myofibril structure of ascidian embryos exposed to
organotins are damagét’

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 embryd®2°In many marine prosobranch
shails, TBT compounds induce abnormalities in the
female sexual apparatés?? leading to reproduc-
tive failure and to population declirfé. Other
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reportsindicatethat fish, birds, reptiles,mammals
andotherspeciesnhabitingenvironmentgolluted
with syntheticcompoundsalso suffer reproductive
problems'®?° Previousresearchon ascidian ga-
metes has shown that exposure to organotin
compoundsleadsto reducedsperm maotility and
loss of the fertilization power of eggs®’ In this
study,theovaryof Cionaintestinaliswaschoseras
a model systemin order to understancbetterthe
biological mechanismainderlyingthe TBT chlor-

ide (TBTCI) toxicity on the reproductivesystem.
During ascidianoogenesist is possibleto demon-
stratethree periodsof syntheticactivity: the first

period is characterizecoy 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 characterizedyy synthesiof yolk

proteinsand lipids.?*° It also seemsthat the test
cells which surroundthe oocytescontributeto this
intense synthetic activity by furnishing nutritive
substancet the cytoplasmof the oocytes A high
incorporationof proteinsand nucleic acid precur-
sorsis observedn thesecells?*2°In particular,in

ascidiansthe determinationof cell fate during
embryogenesisappearsto be mediatedby cyto-
plasmicfactorsor determinantsThesearethought
to originate during oogenesislocalize in the egg,
segregatento different cell lineagesduring clea-
vageandeventuallyregulategeneexpressiort. ~2°

This study investigatesthe effects of TBT

exposureof the C. intestinalis ovary on nucleic
acid, protein and lipid metabolism,cellular ATP

andC&" levelsandenzymaticactivity.

EXPERIMENTAL

Chemicals

Sterile seawater (SSW) was obtainedby filtering
and pasteurizing at 80°C normal sea water,
containing 100pg of chloromycetin/ml. TBTCI
was a gift from Witco GmbH (Bergkamen,
Germany)A 0.1mm TBTCI solutionwasprepared
by dissolving the compoundin 0.07% dimethyl-
sulfoxide(DMSO) containingSSW.Then10~° and
10 "M solutions were obtained by dilution and
their total tin contentswerecheckedusinga Perkin
Elmer model3100atomicabsorptiornspectrometer
(equippedwith a Perkin EImer model 100 flow
injection analysissystemfor atomic spectroscopy)
according to standard procedures.The solvent

Copyright© 2001JohnWiley & Sons,Ltd.

DMSO, usedbecauseof the low solubility of the
compound in non-coordinatingsolvents, was a
Merck (Darmstadt,Germany)reagent.®H-thymi-
dine (25-30 Cimmol ™, TRK 120), *H-uridine
(25-30Ci mmol*, TRK 178)and,*H-leucine(25—
30 Cimmol™!, TRK 178) were from Amersham
chemicals(BuckinghamshirelUJK).

Cca&" 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)were determinedby usingappro-
priate reagentfrom SigmaChemieGmbH (Stein-
heim, Germany).

Cultures

Ovaries of C. intestinalis were removedfrom a
numberof animalsand,afterwashingin SSW,were
dividedinto threebatchesthe first wasculturedin
SSW and usedas a control; the other two were
culturedin TBTCI solutionsat concentrationsof
10°M and10 '™ (all in SSW),andusedastests
to study biochemical TBT effects. After 24h
incubation at room temperature,ovaries of the
three batcheswere washedseveraltimes in SSW
and frozen at —80°C until appropriateextraction
and analysis.To investigatethe effects of TBT
exposureon the synthesisof nucleic acids and
proteinsovarieswereincubatedor 24h at25°Cin
10> and 10 'mM TBT-containing media, in the
presencef labeledradioactiveprecursorso DNA,
RNA and proteins:®H-thymidine, for DNA synth-
esis; *H-uridine, for incubationin control ovaries
and for RNA synthesis;3H—Ieucine, for protein
synthesisControl ovarieswere incubatedfor 24 h
in SSW,wherethe appropriatdabelledprecursors
were dissolved.10uCiml~* of appropriatepre-
cursor was used for the incubation and the
incorporationof the label was stoppedafter 24 h
by adding0.1 vols of 10~? M of the same but non-
labeled,precursolin SSW.

Ovariesof eachbatchwerewashedseveratimes
in SSW and kept at —80°C until appropriate
extractionandanalysis.

Extractions and analysis

DNA, RNA, proteins ipids, glucoseandATP were
extractedand analysedas previously described-
To study the TBT effects on nucleic acid and
protein synthesis pvaries,previouslyincubatedin
each of the radioactive precursors,were homo-
genized separately,and each homogenatewas
divided into three parts. From eachfraction, the
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creatinekinase,alkaline phosphatasativity, ATP, ca, glucose,

lipids, nucleic acids and protein contentand synthesis.All data are plotted as a percentageof control values (100%). The
concentratiorof eachvariablemeasuredat the two different TBT levels(control - 10~°m TBT level andcontrol — 10~'m TBT

level), wereanalysedwith a U test®?

extractionand analysisof DNA, RNA andprotein
wereperformedasusual®®

Radioactivitywas measuredas cpm (countsper
minute) with a BeckmanLS1800liquid scintilla-
tion counter. The scintillation solution was an
agueouscounting scintillant, ACS (Amersham,
Buckinghamshire UK). Aliquots were also with-
drawn from the initial homogenateso determine
C&" contentand enzymaticactivity, (in Interna-
tional Units) of creatinekinase,cholinesterasand
alkaline phosphataseAll valueswerethe average
of threedeterminations:S.D.andwerenormalized
to protein massas in C. intestinalis a constant

Table 1 Relativeamountof nucleicacids(micrograms
of nucleic acids per milligram of proteins;averageof

threedeterminations)The percentagevith respecto the

controlis reportedin parentheses

Culture DNA RNA
Control 9.9+0.2 1174+ 2

TBT, 10 °m 5.440.2(54.5%) 89+ 3(76.1%)
TBT, 107" ™M 8.240.2(82.8%) 94+ 9 (80.3%)

Copyright© 2001JohnWiley & Sons,Ltd.

protein amount correspondsto a prefixed egg-
number’®3! The datawere plotted as percentages
of the control value,which wasconsideredL00%.

RESULTS

Figurel summarizesheeffectsof TBT exposuref

C. intestinalis ovaries on creatine kinase and

alkaline phosphatasactivity, ATP, C&", glucose,
lipids, nucleicacids,proteincontentandsynthesis.
As all dataare plotted as a percentageof control

values theeffectof TBT on cholinesterasactivity

couldnot be plottedin Fig. 1, asthe enzymeis not

detectablén control ovaries(vide infra).

The total nucleic acid contentsin control and
TBT-exposedvariesare shownin Table 1.

The DNA contentdecreaseto almosthalf of the
control value in the ovaries exposedto 10 °M
TBT. A substantiateductionof the RNA contentis
alsoobservedunderthe sameconditions.In Table
2, newly synthesizegbroteinsandnucleicacidsare
analysedby measuringthe specificactivity of the

Appl. OrganometalChem.2001;15: 213-220
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Table2 Specificactivity (cpmiug) of the protein,DNA andRNA ‘ex novo’ synthesizedfterexposurenf theovaries
to TBTCI. The percentag®f eachspecificactivity with respecto the controlis reportedin parentheses

Culture Proteins DNA RNA
Control 39+2 2542 18+ 1

TBT, 10 °m 37+ 2 (94.9%) 94 0.3(36%) 1241 (66.7%)
TBT, 107’ ™M 38+ 2 (97.4%) 22+ 1 (88%) 12.8+ 0.4 (71.2%)

Table 3 Lipids, glucose ATP andCa" concentrationsexpresse@smicrogramsof the compoundper milligram of
proteins (averageof three determinations),in the ovaries after exposureto TBTCI. The percentageof each

concentratiorwith respecto the controlis reportedin parentheses

Culture Lipids Glucose ATP ca’
Control 463+ 10 0.154+0.01 17.694+ 0.65 3.8+04

TBT, 10 5w 390+ 12 (84.2%)  0.35+0.03(233.3%) 15.5+0.5(87.6%) 6.3+ 0.5(165.8%)
TBT, 10 '™ 420+ 15(90.7%)  0.14+ 0.01(93.3%) 17.53+0.48(99.10%) 3.4+ 0.4 (89.5%)

biomoleculeextractedrom the ovariesexposedo
TBT in the presencef the appropriateradioactive
precursorValuesareexpresseehsspemflcact|V|ty
of *H-DNA (cpm of incorporated>H- tgymldlne
overmicrogramsof total DNA extracted);H-RNA
(cpm of incorporated®H- ur|d|ne over micrograms
of total RNA extracted),and *H-proteins(cpm of
incorporated®H-leucine over microgramsof total
proteinsextracted).

The mostdrasticeffect appeargo be on nucleic
acid synthesisA sharpdecreasef DNA specific
activity to 36.0%of the controlvalueis observedn
the ovaries exposedto 10 °m TBT solution. A
much less drastic decrease88.0% of the control
value,is alsoobservedn ovariesexposedo 10~ M
TBT solution.

A noticeableeffect on RNA syntheS|S|s also
found.Ovariesexposedo 10 °m and10’m TBT
arecharacterizedby decreasesf 66.7%and71.2%
in RNA specificactivity respectivelylnterestingly,
there is very little differencein protein specific
activity with respectto the control value. Overall,
TBT seemdo alter preferentiallythe nucleic acid
metabolism.

From Table 3, 15.8% and 9.3% reductionsof
lipid content(with respecto the controlvalue)are
observedn ovariesexposedo 10 °M and10 '™
TBT solutionsrespectively ATP contentbasmally
remams at control valuesin ovaries exposedto
10~ "™ TBT, whereasa 12. 4%reduct|onof ATPis
observedupon exposureto 10 °M of pollutant.
TBT inducesa greaterthan twofold increaseof
glucose contentwhen ovaries are exposedto a
10°M solution of pollutant, and causesa slight
decreasewhen presentat a lower concentration
(10~"m). A similar patternis also observedvhen
mvestlgatmg(:a2 contentafterTBT exposureThe
pollutant,in fact, mducesaGS 8%increaseof Ca#"
in ovariesexposedto 10 °m TBT, and causesa
10.5% decreasat lower concentrationg10~’ m).
Table 4 showsspecific activities of the enzymes
investigatedwith valuesexpressedn International
Units over milligrams of protein. When assaying
for creatine kinase activity, a dramatic 73.0%
decreaseyith respecto the controlvalue is found
in ovaries exposedto 10 °m TBT whereasa
24.3% decreaseis induced by 10 "M TBT. In
contrast,alkaline phosphatasactivity increasest

Table 4 Enzyme activity, expressedin International Units per milligram of proteins (average of three
determinations)after exposureof the ovariesto TBTCI. The percentagef eachconcentratiorwith respectto the

controlis reportedin parentheses

Culture Creatinekinase Alkaline phosphatase Cholinesterase
Control 0.374+0.07 0.254+0.06 0

TBT, 10 °M 0.10+ 0.04(27.0%) 0.29+ 0.04(116.0%) 0.6+0.2
TBT, 10 '™ 0.284 0.08(75.7%) 0.274 0.05(108.0%) 0

Copyright© 2001JohnWiley & Sons,Ltd.
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both TBT concentrationgested,with the highest
increase of activity, being detectedin ovaries
exposedo the highestconcentratiorof TBT used
in this study. Interestingly,cholinesterasectivity
was found only in the ovariesexposedio 10> M

TBT, beingundetectablén the controlovaries,and
in the ovariesexposedo 10’ M TBT.

DISCUSSION

The dose-concentration-gendent behaviour of
TBT toxicity on C. intestinalisovary is consistent
with previous data obtained in vivo at the
ultrastructural level, in eggs and embryos’®
Moreover,it hasbeennoticedthat the effectsare
also incubation-time-depndent’***®1” TBT al-
ready leadsto a decreaseof nucleic acids upon
exposureo the lowestconcentratior{(10~’ M) used
in this study, causing a dramatic reduction of
nucleic acid contentand synthesisat the highest
concentration (10 °m) used. Moreover, when
comparedvith controlvalues,TBT causesgreater
relative reductionof DNA than of RNA content.
The DNA decreasen the ovary is indicative of
reductionof cellular reproductionthe first stepof
oogenesis, suggesting TBT inhibition of the
production of germinal cells, which give rise to
eggs,with drasticconsequence®r the survival of
the speciesThetestcellswill, mostlikely, alsobe
affected,asin oogenesigheir role is to reproduce
actively; it is suggestedhat in this period their
function is to nourishand protectthe egg®*2® 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
cellularsuicidaldefenceprogramknownto bewell
conservedthrough evolution®® A molecularhall-
mark of apoptosids a characteristidegradatiorof
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
apoptosisn mammalsandhasalsobeenreportedo
trigger apoptosisin fish3* marine sponge® and
tunicates. The available evidencestrongly indi-
catesthat the intracellularCa" increaseobserved
upon TBT exposureplays a pivotal role in this
modeof cell death.Interestinglyenough,our data
show that 10 °m TBT also induces a marked
increaseof C&" contentin C. intestinalisovaries.
Organotin-inducedapoptosishas beenthoroughly
investigatedusing rat thymocytesas a model. In

Copyright© 2001JohnWiley & Sons,Ltd.

this system, TBT promotes cellular suicide by
activating cysteine proteases(called caspases),
which selectively cleave vital cellular substrates
andthis resultsin internucleosomafragmentation
of DNA by selectivelyactivatedDNases*®3’

TBT is also known to induce a rapid increase
of intracellular C&" levels (vide suprg and
Ca&" chelation by EGTA [ethyleneglycol-bis-
(B-aminoethylethe-N,N,N’,N'-tetra-acetic acid]
and/or BAPTA, [1,2-bis(2-aminopheny)ethane-
N,N,N’,N'-tetra-aceticacid], and canblock caspase
activation and TBT-induced apoptosis. In this
pathwaythe risein C&" contentis a prerequisite
for postmitochondrialeventsinvolved in caspase
activationleadingto inductionof apoptosisgvents
which TBT-exposedcells grown in a C& ' -free
mediumareableto evade dying by necrosis®®

Another feature observedduring TBT-induced
apoptosisis MRNA degradatior?® mRNA is the
primary productof the geneinformationcontained
in the DNA molecule:it is the templateusedfor
translation,the synthesisof proteins.An intense
synthesisof RNA occursin the nucleus(a major
portion being synthesizedn the nucleolus:rRNA)
of germinalcelis during ascidianoogenesig® This
RNA will be used during the first steps of
embryonal developmentwith synthetic activity
resumingonly later, that gastrulastage®

Reductionof RNA contentwas observedn the
ovariesexposedo TBT-containingmediaandcan
be interpretedasa direct effect dueto decreasef
RNA stability, or as an indirect effect linked to
alterationof geneactivity. With regardto protein
synthesisat both concentrationsisedin this study,
only a small reduction with respectto control
valueswas observedin ovariesexposedto TBT.
Takenatfacevalue,thedatasuggesthatTBT does
not have a remarkableeffect on translationin C.
intestinalis ovaries. However, one must keep in
mind that a strongincreasein the synthesisof a
specificsubsedf proteinscouldrenderdetectionof
a moregeneraldecreasaf proteinsynthesiamore
difficult. In thisregard,it is worth notingthat TBT
is a potentinducerof the heat-shockesponsé®—°
promoting neo-synthesisof stressproteins from
MRNA alreadypresenin the oocytesaswell 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-
vertebratesnductionof stresgproteinsynthesihas
beenobservedn crayfish***Moreover, TBT has

Appl. OrganometalChem.2001;15: 213-220
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been also shown to promote synthesisof such
polypeptidesin the rotifer Brachionusplicatilis.*®

Furthermore,10°°M TBT has been reportedto

decreaseprotein synthesissignificantly in other
cell-types*® in that study, it was a dramatic
reduction of the ATP levels that seemedto be

responsiblefor the effect. In this respect,it is

remarkablghatin C. intestinalisovariesexposedo

10°m TBT, ATP content decreasesonly by

12.4%. Considering that TBT exposure causes
severe damageto mitochondriat®*’ the major

cellular sitesof ATP production,onewould expect
massiveATP depletion,unlesscellular ATP levels
were maintainedthrough an alternative pathway.
Indeed,it is well known that triorganotinsdisturb

mitochondrialactivity by binding to a component
of the ATP synthaseomplex,inhibiting mitochon-
drial ATP synthesig'**°

Interestingly,it hasrecently beenreportedthat
intracellularATP levelscanmodulatethe modeof
cell death after exposureto TBT, with necrosis
following ATP depletionand apoptosisfollowin
glucose-dependennaintenanceof ATP levels.
Furthermorethe samestudyprovidesevidencefor
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 increase of
glucose in 107 °M TBT-exposed ovaries, with
respectto the control ovaries, making it very
tempting to speculatea possibleinduction 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 enzymecatalyseghe transferof inorganic
phosphatdrom ATP to creatine,producingphos-
phocreatindenergetiaeserveland ADP. Our data
show decreasedenzyme activity following TBT
exposure.In particular, the 73.0% reduction in
creatinekinaseactivity observedatthehighestrBT
concentratior{10 > M) usedin this studycanonly
be partially explainedby the mild ATP depletion
observedafter TBT treatment.It is possiblethat
TBT disturbance of the mitochondrial proton
gradientcoulddivert electrondrom therespiratory
chain,leadingto the formation of reactiveoxygen
species,which have beenreportedto inactivate
creatinekinaseby oxidating critical SH groups?’
Alternatively, the reduced activity of creatine

Copyright© 2001JohnWiley & Sons,Ltd.

kinasecould be due to a direct interactionof the
organotinwith the protein.Thisinhibitory effectof
TBT on enzymaticactivity seemgo be specificto
creatine kinase, in that alkaline phosphatase
increasesndcholinesterasactivity is presenonly
in ovariesexposedto TBT 10 °M, being absent
bothin the control ovariesandin thoseexposedo
TBT 10 ' M. Alkaline phosphatasés synthesized
in the endodermiccells during embryonaldevel-
opmentandis segregatedh the cells that become
the branchial and digestive tissuesof the post-
metamorphicjuvenile and adult*®° It has been
demonstratethatactinomycinD (inhibitor of RNA
synthesis)does not affect the synthesisof this
enzyme,whereastranslationinhibitors reduceits
expressionTherefore the mRNA codingfor alka-
line phosphatasenust already be presentin the
cytoplasm of oocytes and segregatedin the
endodermiccells during development® Our ob-
servationgndicatea moderatdncreaseof alkaline
phosphatasactivity afterexposuref ovarycellsto
TBT. It is interestingthat the sameresulthasbeen
observedin unfertilized eggs of C. intestinalis
treatedwith calcium ionofore A 23187°% which,
like TBT, is knownto trigger cell deaththrougha
mechanismin which an increaseof C&" content
seemgo play a majorrole*®

The effect of TBT exposureon enzymeactivity
is moredramaticfor cholinesterasen our experi-
ments the enzyme is not detectablein control
ovaries>® nor in ovaries incubated in 107’ M
solution, but it becomesclearly detectablein
ovaries incubatedin 107°M solution. Previous
reports indicate that cholinesteraseis a major
contributor to total enzymatic activity in C.
intestinalis®® However, this enzyme appearsat
the neurulastage Jlocalizing in musclecells of the
swimminglarva. Perhapghe anticipateddetection
of cholinesterase TBT-exposedvariesis dueto
a positive regulationof the enzyme’sexpression,
mediatedby TBT. Indeed, there is evidence of
changesin geneactivity observedin responsego
physical and chemical stress>*>> Furthermore,
TBT has beenshown to induce generegulatory
pathwayshroughactivationof NF-xB, atranscrip-
tion factorthat controlsthe inducibleexpressiorof
variousgenesnvolvedin cellulardefencenechan-
isms.Interestingly, TBT-inducedNF-xB activation
is precededy anincreaseén intracellularCa* and
is almost completely abrogatedby BAPTA.>®
Finally, we observeda slight decreaseof lipid
content.This couldreflectmoleculardisorderatthe
level of the plasmamembraneandothercytomem-
branes (mitochondria, nuclear envelopes, etc.)

Appl. OrganometalChem.2001;15: 213-220
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inducedby TBT.*® Indeed,TBT is a well known
membrane-activemoleculé”® and its effect on
biomembraness a fundamentalaspectof TBT
toxicity. By disturbing membrane structure, it
affects cell function, as cellular interactionswith
the surroundingenvironmentare mediatedby cell
membranecomponentsTBT is alsoa well known
anion carrier in membrane¥®° and could sever
importantcytoskeletalinteractionsby sequestering
anionic poshatidylinositol-4,5-gihosphat&* In
addition, one can imagine a potential production
of tri-n-butylstannylperoxyfree radicals® which
could lead to lipid peroxidation, extending the
lipotoxic effects to non-membranecomponents,
suchasyolk lipids, critical during ascidianoogen-
esis.

We concludethat TBT stronglyaffectsUrochor-
dataoogenesidy interfering with normal cellular
metabolism and enzyme activity, possibly by
triggering extreme cellular defencemechanisms.
Changesin germinal cells causedby TBT could
causedeleteriousalterations,such as changesin
gene expression, which could lead to altered
productionand, consequentlyan anomalousseg-
regationof cytoplasmicdeterminantsnto different
lineages during early cleavage, thus causing
anomalousembryodevelopmentThe likely possi-
bility that,uponTBT exposurethesecells choose
to activate cellular suicide to avoid aberrant
embryonaldevelopments currently being tested.
In conclusion, this study showsthat the female
reproductive system in Urochordatais heavily
affected,at a biochemicallevel, by the chemical
pollutantTBT.
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