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By using a discontinuous Percoll gradient in the
45–65% range it is possible to separate nucleated
Salmo irideus erythrocytes in three different
density fractions that are related to aging of the
cell. The stability to lysis of the erythrocytes
obtained from the three layers was examined in
the presence and in the absence of Bu3SnCl4
(TBTC). The rate of hemolysis in the absence of
the organotin was nearly the same for the three
erythrocyte fractions. The addition of TBTC to
the suspension increased the hemolysis but the
effect depended on the density of the fraction.
The change in the hemolysis rate was in the
order bottom (B) >middle (M) > top (T). The
effect of TBTC on 1,6-diphenyl-1,3,5-hexatriene
(DPH) steady-state fluorescence anisotropy was
measured in liposomes formed by the lipids
extracted from the different fractions. Com-
pared with the controls, the DPH anisotropy
decrease in the presence of TBTC. Steady-state
fluorescence of 2-dimethylamino-6-laurylnaph-
thalene (Laurdan) was measured to evaluate
membrane polarity. The presence of TBTC on
the same liposomes decreased the generalized
polarization (GP340) in the top and middle
fractions while it did not change in the bottom
fraction. Copyright # 1999 John Wiley & Sons,
Ltd.
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INTRODUCTION

Organotins are currently used by the paint industry
in various formulations and also as agricultural
biocides.1 Their presence in water is principally due
to their use in marine antifouling paint formulations
and as a stabilizer for PVC.

The biological effect of organotin compounds is
of some interest because many of them are known
to exert a toxic action on mammals. The toxicity is
probably linked to their incorporation into cells
depending on their lipophilicity. Organotin deriva-
tives of tin are much more toxic than their inorganic
analogues; alkyltin compounds are generally more
toxic than aryltin ones. In general, the toxicity
decreases from tri- to mono-alkyltins.2,3 Hemolytic
activity of triorganotin derivatives has been exten-
sively demonstrated and it can vary with different
mammals.4 Although various papers have been
published on organotin-induced hemolytic action,
the molecular mechanism of this process has not yet
been clarified. Previously5 we reported the effect of
increasing concentrations (1–50�M) of various
organotins on plasma membranes of trout erythro-
cytes. Data showed that at each concentration used,
tributyltin chloride (TBTC) and triphenyltin chlor-
ide (TPTC) increase (even if in an unequal manner)
the hemolysis rate of trout red blood cells, while
dibutyltin has a slight protective effect.

In order to obtain further information on the
mechanism of action of organotins on the plasma
membrane, we extended our investigation to
density-separated trout erythrocytes obtained by
using a discontinuous Percoll gradient in the 45–
65% range.

Using this technique it is possible to separate the
nucleated Salmo irideus erythrocytes in three
fractions (top, middle and bottom) that could be
related, similarly to human erythrocytes, to the age
of the cell.6,7 Previous studies showed a correlation
between the density and the age of the cell; older
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cellsarecharacterizedby an increaseddensity.8–10

Theseage-relatedpopulationsof cells representa
goodmodel to study the interactionof organotins
with plasma membranesbecausethey represent
differentcellular situations,whereoxidativemodi-
ficationscorrelatedwith the aging of the cell are
presentat different levels.

Here,we presentdataon the hemolyticactivity
of triorganotinson density-separatedtrout erythro-
cytesandon the modificationsthat they induceon
the physico-chemical state of the membrane
phospholipids.Our studies were carried out by
steady-state fluorescence using two different
probes,1,6-diphenyl-1,3-5-hexatriene (DPH) and
Laurdan (2-dimethylamino-6-lauroylnaphthalene),
that give information on the changesof, respec-
tively, membraneanisotropyandmembranepolari-
ty.

The resultsobtainedindicate significantdiffer-
encesin the parametersmeasuredfor the three
erythrocytefractions.

MATERIALS AND METHODS

All reagentswereof analyticalgrade.Percollwas
obtained from Sigma; Laurdan and DPH were
purchasedfrom Molecular Probes(Eugene,OR,
USA). Organotincompoundswere obtainedfrom
Aldrich.

Sample preparation

Redbloodcellsfrom Salmoirideus, aninbredstrain
of trout, were used. Blood was obtained by
puncturing the lateral tail vein of six to ten fish
andwithdrawingit into an isotonicmedium(0.1M
phosphatebuffer, 0.1M NaCl, 0.2% citrate,1 mM
EDTA; pH 7.8).After removalof plasmaandbuffy
coat by centrifugation, the erythrocytes were
washedthree times and resuspendedin the same
isotonicbuffer.

Erythrocyteswereseparatedinto subpopulations
on a Percoll/BSAdensitygradientin the 45–65%
range according to Rennie et al.11 Three well-
separatedfractions(top, middle andbottom)were
obtained.Hemoglobinandnucleus-freeerythrocyte
membraneswere preparedaccordingto Steerand
Levitzki,12 usinga discontinuoussucrosegradient
(25and35%,w/w). Lipids from membranesamples
with the samecontent of proteins (measuredby
Lowry’s method13) were extractedaccording to
Folchet al.14 andthendried undervacuum.

Hemolytic measurements

The degree of hemolysis was determined as
(100� A/10� A100%), where A is the optical
density at 540nm of hemoglobinpresentin the
supernatantof a red-cellsuspensionafter centrifu-
gation,andA100%is theopticaldensityof a red-cell
suspensionafter completelysis with 10vol. dis-
tilled waterat zeroincubationtime.

The three fractions were suspendedin 0.1M
phosphatebuffer, 0.1M NaCl, 0.2% citrate,1 mM
EDTA (pH 6.3)andincubatedat 35°C for thetime
necessaryto obtain100%hemolysis.

Organotincompoundsat a final concentrationof
20�M dissolvedin ethanolwere addedto these
suspensions;controls were preparedat the same
concentrationof ethanol as used in the samples
containingorganotin.

Fluorescence measurements

Fluorescencemeasurementswereperformedusing
a Hitachi 4500 spectrofluorimeterwith lipids
extractedfrom the density-separatederythrocyte
membranes.

Generalizedpolarization of Laurdan (GP340)
(� = 340nm) wascalculatedaccordingto Parasassi
et al.15 usingEqn[1].

GP340� �IB ÿ IR�=�IB � IR� �1�
where IB and IR are the intensities at the blue
(440nm) and red (490nm) edgesof the emission
spectrum and correspond to the fluorescence
emissionmaximain the gel and liquid-crystalline
phases16 of the bilayer, respectively.A solutionof
Laurdan dissolved in ethanol was added to the
lipids with stirring, dried in a gentlestreamof N2
and rehydratedin the 0.1M phosphatebuffer, pH
8.0. The final probe and protein concentrations
were, respectively,1�M and 0.4mgmlÿ1. Each
organotincompounddissolvedin ethanolat a final
concentrationof 30�M wasaddedto liposomes;the
controlswerepreparedwith thesameconcentration
of ethanol.

DPH steady-statefluorescenceanisotropywas
calculatedasdescribedpreviously.17 Theexcitation
andemissionwavelengthswere,respectively,360
and430nm. The final proteinconcentrationin the
samplewas0.8mgmlÿ1, while the probeconcen-
tration was 2�M. The liposomeswere incubated
with probesandorganotinfor 2 h at 35°C, in 0.1M
phosphatebuffer at pH 8.0 in the dark. Measure-
mentswereperformedat 35°C.
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Statistical analysis

Statisticalanalysiswas performedwith Student’s
test. A value of P< 0.05 was consideredstatisti-
cally significant.

All data were obtained from five replicates
within eachexperiment.Studieswererepeatedfour
times.

RESULTS

A discontinuousPercoll gradient in the 45–65%
rangeproducesthreeerythrocytefractionsin trout
blood:a fractionof light cellsbetween52 and58%
Percoll(top); anintermediatecell fractionbetween
58 and62%Percoll(middle)anda third fractionof
thedensestcells at 64%Percoll(bottom).

Thestability to lysisof theerythrocytesobtained
from thethreelayerswasexaminedin thepresence
andin the absenceof the triorganotincompounds.
In trout red-blood cells, the hemolytic process
dependsstronglyontheincubationtemperatureand
mediumpH; at35°C andpH 6.3it canbefollowed
in a relatively short time (a few hours)evenwhen
the cells are suspendedin an isotonic medium.
Figure 1 showsthat the rate of hemolysisin the
absenceof organotinwas nearly the samefor the
threeerythrocytefractions,althoughtheoldercells
could withstandgreaterstress;the half-time (t1/2)
of this processcorrespondsto an incubation of
about200min. Addition of TBTC (20�M) to the
suspensionsincreasedthehemolysis(Fig.2) but the

effect dependedon the density of the fraction
(TBTC increaseshemolysis,starting from 5�M).
The changein the hemolysisratewasin the order
bottom>middle> top and the half-times were,
respectively,110, 75 and 22min. The effect of
TPTC was similar to that of TBTC but less
pronounced(datanot shown).

Steady-statefluorescencewasusedto investigate
thepossiblemodificationsinducedby TBTC onthe
physicochemicalstateof erythrocytemembranes.
Anisotropy measurementswere performedusing
DPH as probelocatedin the hydrocarboncore of
the bilayer. Steady-statefluorescenceof Laurdan
was measuredto evaluateother physicochemical
features.This probe,localizedat thehydrophobic–
hydrophilic interface of the lipid bilayer at the
glycerolbackbonelevel,18 is sensitiveto changesin
the polarity of its microenvironment,and the
parameterGP340 can be used to monitor these
modifications.

DPH steady-statefluorescenceanisotropy and
LaurdanGP340 measuredin liposomesformed by
the lipids extractedfrom thedifferent fractionsare
shown in Tables1 and 2. The decreasein DPH
anisotropy is in the order M > B> T, while
Laurdan GP340 values change in the order
T>M > B. Comparedwith the controls,the DPH
anisotropyvaluesaredecreasedin the presenceof
30�M TBTC (see Table 1); in the liposomes
obtainedfrom the top fraction the value reached
was95%,while from middleandbottomfractionsit
was85 and93%respectively.

Comparedwith thecontrols(Table2), theGP340
values are decreasedby the presenceof 30�M
TBTC, by about 22 and 25% in the liposomes

Figure 1 Time course of hemolysis in density-separated
erythrocytesuspensionscontainingabout1.2� 106 red blood
cells/ml in isotonicmediumat pH 6.3 incubatedat 35°C. &,
Top fraction;~, middle fraction;! bottomfraction.

Figure 2 Time courseof hemolysis.Conditionsasin Fig. 1,
but in the presenceof 20�M TBTC. &, Top fraction; ~,
middle fraction;!, bottomfraction.
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formed by phospholipidsextractedfrom, respec-
tively, thetop andmiddlefractions.In contrast,the
presenceof TBTC doesnotchangetheGP340value
whenthe liposomesarefrom thebottomfraction.

DISCUSSION

Triorganotincompounds(R3SnX), themostwidely
studiedtin compounds,areimportantpollutantsin
aquaticecosystems.19,20Themajority of biological
effectsproducedby organotinsconcerninteractions
with plasmamembranes.21 One factor known to
governorganotin-mediatedmembraneeffectsis the
lipophilicity of the compound.22,23 It is clear that
compoundscapableof entering membranelipid
domainsfulfill a prerequisitefor beingmembrane
effectors.Organotinsinduceinhibition of sodium–
potassiumandcalciumpumpsandmaydestabilize
themembraneanddepletecellularATP.24,25Anion
transportacrosserythrocytemembranesmediated
by organotinscould also contributeto membrane
instability.26,27

The threedifferent density-separatedtrout ery-
throcyte fractionsusedin this study produced,in
our experimentalconditions,the samehemolysis
rate as when the processwas followed in the
absenceof theorganotincompound,evenalthough
the three different erythrocytefractions are char-
acterized at the membranelevel by significant
differences,suchaslipid composition,lipid peroxi-
dation, fluidity, polarity and Na�/K� ATPase
activity.6 Clearly, molecular adaptationmechan-
isms, probably due also to membrane lipid
composition,will be developedin thesenucleated
cells to mantainthe samehemolysisstability. The
compositionalheterogeneityof PLs in a biological
membranecan modify fluidity, membraneperme-
ability, and water organizationat the membrane
surface,which can affect the structure and the

activity of membrane proteins. The hemolytic
effect of TBTC was evident in all the three
erythrocytefractionsbut it increasedin thedensest
cells. In other words, the effect of TBTC on the
hemolysiseventwasmoremarkedin older cells.

To evaluatetheeffectof TBTC on thestructural
and physicochemicalcharacteristicsof density-
separatedtrout erythrocytes,we studiedthefluore-
scenceof probesembeddedin the lipid bilayer of
liposomesfrom extractedlipids. Steady-statefluore-
scenceanisotropyof DPH hasbeenwidely usedto
investigatethemolecularorderof thehydrophobic
part of the membranewherethis fluorescentprobe
is located.28 In our samples the steady-state
anisotropy of DPH (Table 1) showed different
values(theywerepreviouslyreportedby usto bein
adifferentorder7 andwebelievethatthisdifference
may be attributedto animalvariability and/orto a
different seasonalperiod) that were decreasedby
the presenceof TBTC. This compound hence
increased plasma membrane fluidity and the
modificationwasmoremarkedin theM fraction.

The characterof the polarity of the lipid bilayer
asmonitoredby Laurdan,usingtheGPparameter,
relatedto waterpenetrationandto thedynamicsof
the solventmoleculessurroundingthe probe,was
found to be quite different for the three density-
separatedfractions(Table2); thepresenceof TBTC
decreasedthe GP parameter in the T and M
fractions,while no effect was observedin the B
fraction (the oldestfraction).

The generalconclusionformulatedon the basis
of ourexperimentsis thatTBTC is moreefficientin
increasingthe hemolyticratein thoseerythrocytes
(oldestcells)wherethephysicochemicalproperties
evaluated by fluorescencestudies were nearly
unchanged.

These results could indicate that oxidative
modificationsdue to cell aging play an important
role in the hemolytic processinducedby TBTC,
evenif otherfactorshaveto be considered.

Table 1 Effect of 30�M TBTC on steady-state
fluorescenceanisotropyof DPH in lipid extractedfrom
density-separatedtrout erythrocytesa

Fraction Control � TBTC

Top 0.171� 0.012 0.163� 0.005*
Middle 0.183� 0.016 0.157� 0.005**
Bottom 0.165� 0.011 0.154� 0.008**

a Dataarerepresentedasmeans� SD.
* P< 0.05comparedwith control.
** P< 0.001comparedwith control.

Table 2 Effect of 30�M TBTC on generalizedpolar-
ization (GP340) (�ex = 340nm) for Laurdan, measured
in lipid extractedfrom density-separatedtrout erythro-
cytesa

Fraction Control � TBTC

Top 0.309� 0.024 0.241� 0.006*
Middle 0.280� 0.034 0.209� 0.041*
Bottom 0.133� 0.031 0.132� 0.033

a Dataarerepresentedasmeans� SD.
* P< 0.001comparedwith control.
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