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We have studied the effect of triphenyl-lead
chloride on the lipid phase of erythrocyte
membranes, on lipid monomolecular layers
and Na�/K�-ATPase of the microsomal fraction
of rat brain. It was found that the haemolytic
effect induced by this compound occurs when its
concentration exceeds 30mM. The minimal lead
concentration inducing measurable effects in
monomolecular lecithin layers is about 1mM.
Inhibition of Na �/K�-ATPase activity begins at
a concentration exceeding 0.5mM. Maximum
inhibition is observed at around 40mM—a con-
centration at which haemolysis also occurs. It
can thus be thought that at very low lead
concentrations the main (or exclusive) role in
modifying membrane function is played by
direct interaction between lead and the sulphy-
dryl groups of ATPase, whereas at higher
concentrations two effects seem to overlap:
direct interaction between lead and enzymic
proteins via their sulphydryl groups and as
indirect influence on the proteins via changes in
the organization of the lipid phase of the
membrane. Copyright # 2000 John Wiley &
Sons, Ltd.

Keywords: triphenyl-lead chloride; ATPase; SH
groups; microsomes; erythrocytes; haemolysis;
monolayers

Received 15 May 1999; accepted 15 February 2000

INTRODUCTION

It is generally accepted that the level of lead in
blood as a measure of absorbed lead is the best
biomarker of current exposure.1 According to
WHO (World Health Organization) standards, the
maximum admissible dose for humans exposed at
the workplace to lead contamination is about
400mg of lead/dm3 of blood,2–4 corresponding to
ca 2mM. The level of lead in the blood of humans
living in areas free of lead pollution is roughly
within the limits 50–200mg dmÿ3,1 which is about
0.25–1.00mM. However, at admissible concentra-
tions (subclinical) some pathological effects are
observed, e.g. disturbed mental abilities in
humans,5,6 the initial abnormalities being apparent
only in psychological tests.7 The literature data on
contaminations refer mainly to inorganic com-
pounds of lead8–10 In general the organic com-
pounds of lead are more toxic than the inorganic
ones.11,12Organic compounds of lead are probably
more dangerous to the central nervous system
because of their better solubility in lipids, allowing
them to penetrate the blood–brain barrier more
easily. Of the many organic lead compounds used
in practice we have studied phenyl–lead com-
pounds, because they are used in industry and,
apparently, in some cases are more toxic than the
alkyl–lead compounds;13 also, our previous inves-
tigations14 showed that these compounds affected
the membrane electric potential and electric con-
ductance. Alkyl–lead compounds constitute a
greater menace globally to the environment be-
cause of their presence in petrol, but this is dealt
with elsewhere (e.g. Refs 3, 5 15–21). In the present
paper we focus on investigating the effect of
triphenyl-lead chloride on membrane lipids and
proteins, in order to find out which of the phases
plays a decisive role in the interaction. Being
amphiphilic, triphenyl-lead should interact with the
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lipid phaseof membrane,like theotherorganiclead
compoundswe have studied (even the inorganic
leadcompounds,we believeprobablyinteractwith
membranelipids22). On theotherhand,it is known
that lead is able to combinewith the sulphydryl
groupsof membraneproteins,thus affecting their
activity.23 Our studieson the effect of triphenyl-
leadchlorideonthelipid phaseof membraneswere
basedon(1) measuringthedegreeof haemolysisof
erythrocytemembranes,accordingto the accepted
premise that haemolysisoccurs as a result of
disorganizationof thelipid phaseof theerythrocyte
membrane(e.g.Refs15,21);and(2) determination
of the effect of the compoundon monomolecular
lipid layers.The influenceof triphenyl-leadchlor-
ide on enzymeproteinswasstudiedby measuring
inhibition of Na�/K�-ATPaseof membranesfrom
themicrosomalfraction of rat braincells.

MATERIALS AND METHODS

Triphenyl-lead chloride, (C6H5)3PbCl, was pur-
chasedfrom ABCR (Karlsruhe,Germany).Chloro-
tetracycline(CTC) and dithiothreitol (DTT) were
from Sigma Chemical Co. (USA). In aqueous
solution at pH ca 7, triphenyl-lead chloride
dissociateswith the formationof cationic forms,15

which we denoteas TPhL. Microsomesfrom rat
brain werepreparedby a standardprotocol.24 The
Na�/K�-ATPaseactivity wasdeterminedby accu-
mulationof inorganicphosphate(Pi) in samplesin
thepresenceandabsenceof specificinhibitors.The
incubation medium for Na�/K�-ATPase assay
contained130mM NaCl,20mM KCl, 3 mM MgCl2,
5 mM NaCl, 1 mM ATP and10mM Tris–HCl, pH
7.2.Controlsamplescontainedadditionally0.1mM
ouabainfor Na�/K�-ATPase.The protein content
in thesampleswas40mg for Na�/K�-ATPase.The
enzyme activity, expressed in mmol P1 (mg
protein)ÿ1 minÿ1, was determinedby the reaction
with molyodatereagentasdescribedby Panuszet
al.25 The protein content was estimatedby the
biuretreaction.Thecontentof freeSHgroupsin the
membraneswas determinedby a spectrophoto-
metricmethodat l = 412nm (OD412)with theuse
of 5,5-dithiobis(2-nitrobenzoicacid)assulphydryl-
sensitivereagent.26,27

In order to decidewhetherTPhL penetratesthe
cell membraneandinteractswith it, measurements
were madeof the surfacepressureof the mono-
molecularlecithin layerwith thecompoundpresent
in thesubphase.TPhL,dissolvedin asmallamount

of methanol(1 ml), wasaddedto the subphase(at
concentrationsof 1, 10 and 100mM, respectively)
after a monomolecularphospholipid(DPPC)layer
has been formed and pressurizedto 30mN mÿ1.
Changesin the surfacepressureinduced by the
compoundadded to the subphaseindicated that
TPhL penetratedthe lecithin membrane.

Surface pressureversus mean molecular area
isothermswere measuredfor mixed monolayers
composed of lecithin (1,2-dihexadecanoyl-sn-
glycero-3-phosphocholine) and triphenyl-lead
chloride. Monolayers were formed in a Teflon
rectangulartrough with effective dimensionsof
280mm� 82mm� 10mm. Twice-distilled water
was usedas the subphase.Surfacepressureas a
function of mean molecular area was recorded
during compressionof a monolayer(compression
isotherms);surfacepressurewasdetectedby using
a platinum plate hung on an electrobalance
(Wilhelmy method).Furtherdetailsof the experi-
mentsaredescribedin previouspapers.20,28

To find out whetherthe organoleadcompound
dissolvesin the subphasewhen placed together
with lecithin on the surfaceof water, we did the
following experiments.The mixture of DPPC–
TPhL (TPhL, mole fraction x = 0.4) was put on a
water surface in a Teflon trough (as in the
compressionexperimentsdescribedabove).Four
experiments were carried out with different
amountsof themixture,sothatthemeanmolecular
surface area varied in the range of 1–0.2nm2/
molecule.Thensamplesof thesubphaseweretaken
and assayedfor lead contentwith a ZeissAAS-3
atomic absorptionspectrophotometerLead by the
non-flamemethod,with anEA-3 graphitecuvetteat
217nm; the lamp currentwas5.0mA and the slit
width 0.06mm. The resultsof the measurements
did not, in practice,show any lead contentin the
subphasesamples.

The haemolysisexperimentswere conducted
with fresh heparinizedpig blood. For washing
erythrocytes, an isotonic phosphate buffer of
pH 7.4 (1.31mM NaCl, 1.79mM KCl, 0.86mM
MgCl2, 11.79mM Na2HPO4 � 2H2O, 1.80mM
NaH2PO4 � H2O) wasused.Erythrocytescollected
from plasma were washed four times in the
phosphatebuffer and then incubatedin the same
solutioncontainingappropriateamountsof TPhLat
37°C for 4 h. The 10-ml samples, containing
erythrocytesat 2% concentration,werewell stired.
Duringmodification,thepercentageof haemolysed
cellswasmeasuredin 1-ml samplestakenat 0.5,1,
1.5, 2.3 and 4 h. Thesesampleswere centrifuged
andthe haemoglobincontentwasmeasuredin the
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supernatantusinga spectrometer(Specol11, Carl
Zeiss,Jena)at 540nm wavelength.17 The percen-
tagehaemoglobinconcentrationin the supernatant
was calculatedas the percentageof haemolysed
cells relative to a sample containing totally
haemolysederythrocytes.TPhL was dissolvedin
ethanolin anamountsuchthatafter its additionto
the erythrocyte suspensionthe concentrationof
ethanolin the samplesdid not exceed1%. Some
experiments were also performed with rabbit
erythrocytes.

RESULTS AND DISCUSSION

A decreasein activity was observedwhen the
organoleadwas testedasan inhibitor of Na�/K�-
ATPasefrom rat brain membranes.It was shown
(Fig.1, curveA) thatthecompoundstudiedinhibits
in a dose-dependent mannerand the inhibition is
correlatedwith a decreasein the quantity of SH
groups in microsomes(Fig. 1, curve B); 50%
inhibition wasobservedatK50 = 4mM. Possibly,the
decreaseof ATPaseactivity is aresultof interaction
of theorganicleadcompoundwith theSHgroupsin
themembranes.

We also studiedthe behaviourof DPPC–TPhL
monomolecularlayers,by takingtheir compression

isotherms.Compressionisothermsfor DPPC–TPhL
monolayersatmolarfractionsof TPhL,x, of 0, 0.2,
0.4, 0.6, 0.8 and1.0 arepresentedin Fig. 2(A). A
pure organometalliccompoundwhen compressed
to a mean molecular area of about 0.15nm2/
molecule exhibits a relatively small increasein
surfacepressure(about5 mN mÿ1 in the isotherm
for molarfractionx = 1.0,Fig. 2). Thedependences
of meanmoleculararea,A, on themolarfraction,x,
of triphenyl-leadat constantpressuresof 5, 10, 20
and30mN mÿ1 in Fig. 2(B) arealmostlinear.

TPhL addedto a water subphaseat 1, 10 and
100mM causedanincrease(fastat100mM andslow
at 1 and 10mM; Fig. 3) in surfacepressureof the
lecithin monomolecularlayer by about 1, 4 and
12mN mÿ1, respectively.

Haemolyticexperimentsindicated(Fig.4) thatat
100mM TPhL100%haemolysisoccuredwithin 4 h.
At 40mM haemolysisis visible but developsmore
slowly: after 4 h it is not yet 100% (although it
continuesafterthattime— not shownin Fig. 4). At
concentrationslowerthan30mM wedid notobserve
haemolysis.

Theexperimentsweperformedonrabbiterythro-
cytesindicatedthat their haemolysisalsobeginsat
40mM concentration.

Triphenyl-leadchloride hasa significanteffect
on the activity of plasma membraneNa�/K�-
ATPasein the concentrationrange0.5–10mM. A
similar effectwasobservedwith a numberof other
organoleadand organotin compounds.16 Similar
concentrationsof these compoundshave been
shownto block the activity of Na�/K�-ATPasein
theplasmamembraneof HeLacells.29

As we reporthere,the inhibition of activitiesof
theion pumps(Na�/K�-ATPase)by triphenyl-lead
chloridecorrelateswith a decreasein the quantity
of SHgroupsin proteins.Theseresultssuggestthat
the interactionof organoleadwith thiol residuesof
enzymesmight be responsiblefor the inhibitory
effect.

Thesedataagreewith the resultsof Munter et
al.,29 who havereportedthat1 mM glutathionecan
revert the inhibition exerted by triethyl-lead on
Na�/K�-ATPaseplasmamembrane.Moreover, it
wasshownthat triethyl-leadcan interactwith SH
groups of acetylcholinesterase in rat brain and
inhibit its activity.30

An additionalexplanationof theeffectsobserved
can be deducedfrom monolayerexperiments.In
these experiments the concentration of TPhL
(calculatedasthequantityof triphenyl-leadspread-
ing on the water surfaceper unit volume of the
subphase)is almostcomparable(within anorderof

Figure 1 Dependenceof Na�/K�-ATPaseactivity (A) and
contentof SH-groups(B) ontheconcentrationof triphenyl-lead
chloride.
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magnitude)with theconcentrationat which effects
of TPhL on Na�/K�-ATPase were observed
(0.5mM). From the thermodynamicpoint of view,
linearity (especiallyfor surfacepressuresgreater
than 10mN mÿ1) of the dependenceof mean
molecular area on the molar fraction of TPhL
may suggest either ideal mixing of the two
monolayercomponents(the phospholipidand the
triphenyl-lead)or phaseseparationin the mono-
layer region.Taking into accountthefact thatpure
triphenyl-lead does not yield compressioniso-
therms,thesecondpossibilitylooksmoreprobable.
It may be supposedthat modificationof the lipid
phaseof microsomemembranesby creationof the
triphenyl-lead domains can indirectly influence
functionsof membraneproteins.There is a close
relationshipbetweenthe chemicalcompositionof
domains,theirphysicalstateandthefunctionof the
membrane.31–33

It is generallybelievedthathaemolysisoccursas
a resultof disorganizationof the lipid phaseof the

membrane.As we can see, the minimum TPhL
concentrationsfor haemolysiscoincide with the
maximum concentration that inhibits Na�/K�-
ATPaseactivity (Figs 1 and 4). That coincidence
couldbeaccidentalbut it is of possiblesignificance.
Apparently, disorganization of the lipid phase
results,indirectly, in lower ATPaseactivity (as is
commonly known, the lipid–protein interaction
may inducemodificationin enzymeactivity34). In
that situation, two effects would overlap: direct
inhibition resulting from the interactionof TPhL
with thiol groupsof proteinsandindirect inhibition
via changes in the lipid phase organization.
Additionally, at concentrationshigher than 40mM
haemolysisincreases(Fig. 4) andthenumberof SH
groups decreases(Fig. 1), with Na�/K�-ATPase
inhibition starting to decrease.This indicates a
dominant influence (with respectto direct TPhL
actionon the proteins)of lipid phasedisorganiza-
tion on theprocessstudied.

Disturbancein membranefunction is the main

Figure 2 (A) Compressionisothermsfor two-componentmixedmonolayersformedfrom DPPCandTPhL.Eachof thecurvesis an
averagedisotherm,obtainedfrom atleastfive independentexperimantalcurves;x = molarfractionof TPhL.(B) Dependenceof mean
moleculararea,A, of theDPPC–TPhLmonolayermixtureonthemolarfractionof TPhLatconstantsurfacepressuresof 5,10,20and
30mN mÿ1 [obtainedfrom (A)].
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Figure 3 Time courseof surfacepressurechangesof a monomolecularlayer (DPPC)after additionof TPhL to the subphaseat
concentrationsof 1, 10 and100mM, respectively.The initial surfacepressureof monolayerwas30mN mÿ1.

Figure 4 Effect of triphenyl-leadchloride on red cell membranes:dependenceof the percentageof hemolysison the time of
incubation.
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result of lead compoundaction on membranes.
Fromtheexperimentspresentedhereit follows that
the compoundsstudied inhibit the activity of
membraneNa�/K�-ATPase and disorganizethe
lipid phaseof the membrane.At small enough
concentrations,only a slight inhibition of ATPase
activity occurs(which mayhavea connectionwith
early, asymptomatic, neurological effects in
humans),and at higher concentrationsthere is an
increasingdisorganizationof the membrane(both
theproteinandlipid phase),culminatingin its total
destruction.

In thissituation,onemayconsiderboththedirect
action of the compounds studied on protein
function via modulation of transport enzyme
activity, andanindirectonevia changesthatoccur
in the lipid phasewith probabledomainformation.

Acknowledgements This work is sponsoredby the Polish
ResearchCommittee(KBN), grantno. 6 PO4GO 4313.

REFERENCES
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