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By using a discontinuous Percoll gradient inthe INTRODUCTION

45-65% range it is possible to separate nucleated

Salmo irideus erythrocytes in three different  Organotins are currently used by the paint industry
density fractions that are related to aging of the in various formulations and also as agricultural
cell. The stability to lysis of the erythrocytes  biocides! Their presence in water is principally due
obtained from the three layers was examined in to their use in marine antifouling paint formulations
the presence and in the absence of B8nCl, and as a stabilizer for PVC.

(TBTC). The rate of hemolysis in the absence of The biological effect of organotin compounds is
the organotin was nearly the same for the three of some interest because many of them are known
erythrocyte fractions. The addition of TBTC to  to exert a toxic action on mammals. The toxicity is
the suspension increased the hemolysis but the probably linked to their incorporation into cells
effect depended on the density of the fraction. depending on their lipophilicity. Organotin deriva-
The change in the hemolysis rate was in the tives oftin are much more toxic than their inorganic
order bottom (B) > middle (M) >top (T). The analogues; alkyltin compounds are generally more
effect of TBTC on 1,6-diphenyl-1,3,5-hexatriene toxic than aryltin ones. In general, the toxicity
(DPH) steady-state fluorescence anisotropy was decreases from tri- to mono-alkyltiis.Hemolytic
measured in liposomes formed by the lipids activity of triorganotin derivatives has been exten-
extracted from the different fractions. Com-  sively demonstrated and it can vary with different
pared with the controls, the DPH anisotropy mammals® Although various papers have been
decrease in the presence of TBTC. Steady-state published on organotin-induced hemolytic action,
fluorescence of 2-dimethylamino-6-laurylnaph- the molecular mechanism of this process has not yet
thalene (Laurdan) was measured to evaluate been clarified. Previoustywe reported the effect of
membrane polarity. The presence of TBTC on increasing concentrations (1-p®) of various

the same liposomes decreased the generalized organotins on plasma membranes of trout erythro-
polarization (GP349 in the top and middle cytes. Data showed that at each concentration used,
fractions while it did not change in the bottom tributyltin chloride (TBTC) and triphenyltin chlor-
fraction. Copyright © 1999 John Wiley & Sons, ide (TPTC) increase (even if in an unequal manner)
Ltd. 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
* Correspondence to: Professor Giancarlo Falcioni, Dipartimento difrgctions (tOp, middle and bottom) that could be
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cells arecharacterizedy anincreasediensity®°

Theseage-relatedbopulationsof cells representa
good modelto studythe interactionof organotins
with plasma membranesbecausethey represent
differentcellular situations whereoxidative modi-
fications correlatedwith the aging of the cell are
presentat differentlevels.

Here, we presentdataon the hemolytic activity
of triorganotinson density-separatetiout 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-hexeene (DPH) and
Laurdan (2-dimethylamino-8auroylnaphthalene),
that give information on the changesof, respec-
tively, membraneanisotropyandmembranegoolari-
ty.
The resultsobtainedindicate significant differ-
encesin the parametersmeasuredfor the three
erythrocytefractions.

MATERIALS AND METHODS

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

Sample preparation

Redbloodcellsfrom Salmarideus, aninbredstrain
of trout, were used. Blood was obtained by

puncturingthe lateral tail vein of six to ten fish

andwithdrawingit into anisotonicmedium(0.1Mm

phosphatebuffer, 0.1m NacCl, 0.2% citrate, 1 mm

EDTA,; pH 7.8).After removalof plasmaandbuffy

coat by centrifugation, the erythrocytes were
washedthree times and resuspendedh the same
isotonicbuffer.

Erythrocyteswereseparatedhto subpopulations
on a Percoll/BSAdensitygradientin the 45—-65%
range accordingto Rennie et al.** Three well-
separatedractions (top, middle and bottom) were
obtained Hemoglobinandnucleus-freeerythrocyte
membranesvere preparedaccordingto Steerand
Levitzki,*? using a discontinuoussucrosegradient
(25and35%,w/w). Lipids from membraneamples
with the samecontent of proteins (measuredoy
Lowry’s method®) were extractedaccordingto
Folch et al.* andthendried undervacuum.

Copyright© 1999JohnWiley & Sons,Ltd.

Hemolytic measurements

The degree of hemolysis was determined as
(100 x AJ10 x A1goe9, Where A is the optical
density at 540nm of hemoglobinpresentin the
supernatanof a red-cell suspensiomfter centrifu-
gation,andA1gg9is the opticaldensityof ared-cell
suspensiorafter completelysis with 10vol. dis-
tilled waterat zeroincubationtime.

The three fractions were suspendedn 0.1m
phosphatebuffer, 0.1m NaCl, 0.2% citrate, 1 mm
EDTA (pH 6.3) andincubatedat 35 °C for thetime
necessaryo obtain100%hemolysis.

Organotincompoundst a final concentratiorof
20uM dissolvedin ethanolwere addedto these
suspensionsgontrols were preparedat the same
concentrationof ethanolas usedin the samples
containingorganotin.

Fluorescence measurements

Fluorescenceneasurementaere performedusing
a Hitachi 4500 spectrofluorimeterwith lipids
extractedfrom the density-separate@rythrocyte
membranes.

Generalized polarization of Laurdan (GPs4)
(A =340nm) wascalculatedaccordingto Parasassi
etal.*® usingEqn[1].

GPsgo= (Is — Ir)/(Is + Ir) [1]

where Iz and Ig are the intensities at the blue
(440nm) and red (490nm) edgesof the emission
spectrum and correspondto the fluorescence
emissionmaximain the gel and liquid-crystalline
phase¥’ of the bilayer, respectively A solutionof
Laurdan dissolvedin ethanol was addedto the
lipids with stirring, dried in a gentle streamof N,
and rehydratedin the 0.1m phosphateuffer, pH
8.0. The final probe and protein concentrations
were, respectively,1 uM and 0.4mgml~t. Each
organotincompounddissolvedin ethanolat a final
concentratiorof 30 uM wasaddedo liposomesthe
controlswerepreparedvith thesameconcentration
of ethanol.

DPH steady-statefluorescenceanisotropy was
calculatecasdescribecpreviously’ Theexcitation
and emissionwavelengthsvere, respectively,360
and430nm. The final proteinconcentratiorin the
samplewas 0.8mgml~*, while the probeconcen-
tration was 2 uM. The liposomeswere incubated
with probesandorganotinfor 2h at35°C,in 0.1Mm
phosphatebuffer at pH 8.0 in the dark. Measure-
mentswere performedat 35 °C.

Appl. OrganometalChem.13, 777-781(1999)
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Figure 1 Time course of hemolysis in density-separated
erythrocytesuspensionsontainingabout1.2 x 10° red blood
cells/mlin isotonic mediumat pH 6.3 incubatedat 35°C. W,
Top fraction; A, middle fraction; W bottomfraction.

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 eachexperimentStudieswererepeatedour
times.

RESULTS

A discontinuousPercoll gradientin the 45-65%
rangeproduceshreeerythrocytefractionsin trout
blood: afraction of light cellsbetweerb2 and58%
Percoll(top); anintermediatecell fraction between
58 and62% Percoll(middle) andathird fraction of
the densestells at 64% Percoll (bottom).
Thestability to lysis of the erythrocytesobtained
from the threelayerswasexaminedn the presence
andin the absencef the triorganotincompounds.
In trout red-blood cells, the hemolytic process
dependstronglyontheincubationtemperatureand
mediumpH; at 35°C andpH 6.3it canbefollowed
in arelatively shorttime (a few hours)evenwhen
the cells are suspendedn an isotonic medium.
Figure 1 showsthat the rate of hemolysisin the
absenceof organotinwas nearly the samefor the
threeerythrocytefractions,althoughthe older cells
could withstandgreaterstressithe half-time (t1/2)
of this processcorrespondso an incubation of
about200min. Addition of TBTC (20 uM) to the
suspensionsicreasedhe hemolysigFig. 2) butthe

Copyright© 1999JohnWiley & Sons,Ltd.
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Figure 2 Time courseof hemolysis.Conditionsasin Fig. 1,
but in the presenceof 20um TBTC. W, Top fraction; A,
middle fraction; W, bottomfraction.

effect dependedon the density of the fraction
(TBTC increaseshemolysis,starting from 5 um).
The changein the hemolysisrate wasin 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
pronounceddatanot shown).

Steady-statfuorescencevasusedto investigate
the possiblemodificationanducedby TBTC onthe
physicochemicaktate of erythrocytemembranes.
Anisotropy measurementsvere performed using
DPH asprobelocatedin the hydrocarboncore of
the bilayer. Steady-statdluorescenceof Laurdan
was measuredo evaluateother physicochemical
featuresThis probe,localizedat the hydrophobic—
hydrophilic interface of the lipid bilayer at the
glycerolbackbondevel '2is sensitiveto changesn
the polarity of its microenvironment,and the
parameterGPz4o can be used to monitor these
modifications.

DPH steady-statefluorescenceanisotropy and
LaurdanGPs49 measuredn liposomesformed by
the lipids extractedfrom the different fractionsare
shownin Tables1 and 2. The decreasen DPH
anisotropy is in the order M >B > T, while
Laurdan GPs4o values change in the order
T > M > B. Comparedwith the controls,the DPH
anisotropyvaluesare decreasedh the presenceof
30um TBTC (see Table 1); in the liposomes
obtainedfrom the top fraction the value reached
was95%,while from middleandbottomfractionsit
was85 and93% respectively.

Comparedvith the controls(Table2), the GPs49
values are decreasecby the presenceof 30uM
TBTC, by about 22 and 25% in the liposomes

Appl. OrganometalChem.13, 777-781(1999)
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Table 1 Effect of 30um TBTC on steady-state
fluorescenceanisotropyof DPH in lipid extractedfrom
density-separatetiout erythrocyte8

Fraction Control + TBTC
Top 0.171+£0.012 0.163+ 0.005*
Middle 0.183+0.016 0.1574 0.005**
Bottom 0.165+0.011 0.1544 0.008**

3 Dataarerepresente@s meanst Sb.
* P < 0.05comparedwith control.
** P < 0.001lcomparedwith control.

formed by phospholipidsextractedfrom, respec-
tively, thetop andmiddlefractions.In contrastthe
presenc®f TBTC doesnotchangehe GPs4gvalue
whenthe liposomesarefrom the bottomfraction.

DISCUSSION

TriorganotincompoundgRs;SnX), the mostwidely
studiedtin compoundsare importantpollutantsin
aquaticecosystem$®2° The majority of biological
effectsproducedy organotinconcerrinteractions
with plasmamembraned! One factor known to
governorganotin-mediatechembraneffectsis the
lipophilicity of the compound®Z3 1t is clear that
compoundscapableof entering membranelipid
domainsfulfill a prerequisitefor being membrane
effectors.Organotinsnduceinhibition of sodium-—
potassiumandcalciumpumpsandmay destabilize
themembrananddepletecellular ATP 2#2° Anion
transportacrosserythrocytemembranesnediated
by organotinscould also contributeto membrane
instability 2627

The three different density-separatettout ery-
throcyte fractions usedin this study produced,in
our experimentalconditions, the samehemolysis
rate as when the processwas followed in the
absencef the organotincompoundgvenalthough
the three different erythrocytefractions are char-
acterized at the membranelevel by significant
differencessuchaslipid composition]ipid peroxi-
dation, fluidity, polarity and Na'/K* ATPase
activity.® Clearly, molecular adaptationmechan-
isms, probably due also to membrane lipid
composition,will be developedn thesenucleated
cells to mantainthe samehemolysisstability. The
compositionaheterogeneityf PLsin a biological
membranecan modify fluidity, membraneperme-
ability, and water organizationat the membrane
surface, which can affect the structure and the

Copyright© 1999JohnWiley & Sons,Ltd.

Table 2 Effect of 30um TBTC on generalizedoolar-
ization (GPs49 (Aex=340nm) for Laurdan, measured
in lipid extractedfrom density-separatettout erythro-
cyte$

Fraction Control + TBTC
Top 0.309+ 0.024 0.241+4+ 0.006*
Middle 0.280+ 0.034 0.209+ 0.041~
Bottom 0.133+£0.031 0.132+0.033

@ Dataarerepresente@dsmeanst Sb.
* P < 0.001comparedwith control.

activity of membrane proteins. The hemolytic

effect of TBTC was evident in all the three

erythrocytefractionsbutit increasedn the densest
cells. In other words, the effect of TBTC on the

hemolysiseventwasmore markedin older cells.

To evaluatethe effectof TBTC on the structural
and physicochemicalcharacteristicsof density-
separatedrout erythrocyteswe studiedthe fluore-
scenceof probesembeddedn the lipid bilayer of
liposomedrom extractedlipids. Steady-statéuore-
scenceanisotropyof DPH hasbeenwidely usedto
investigatethe molecularorderof the hydrophobic
part of the membranewvherethis fluorescenprobe
is located®® In our samples the steady-state
anisotropy of DPH (Table 1) showed different
values(theywerepreviouslyreportecby usto bein
adifferentorder’ andwe believethatthis difference
may be attributedto animal variability and/orto a
different seasonaperiod) that were decreasedy
the presenceof TBTC. This compound hence
increased plasma membrane fluidity and the
modificationwas moremarkedin the M fraction.

The characterf the polarity of thelipid bilayer
asmonitoredby Laurdan,usingthe GP parameter,
relatedto waterpenetratiorandto the dynamicsof
the solventmoleculessurroundingthe probe,was
found to be quite different for the three density-
separatefractions(Table2); thepresencef TBTC
decreasedthe GP parameterin the T and M
fractions, while no effect was observedin the B
fraction (the oldestfraction).

The generalconclusionformulatedon the basis
of ourexperimentss that TBTC is moreefficientin
increasingthe hemolyticratein thoseerythrocytes
(oldestcells)wherethe physicochemicaproperties
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.

Appl. OrganometalChem.13, 777-781(1999)
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