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Abstract

Aluminum (AIR*) intoxication is thought to play a major role in theKey words
development of Alzheimer’s disease and in certain pathologic maniluminum
festations arising from long-term hemodialysis. Although the metal-ipid peroxidation
does not present redox capacity, it can stimulate tissue lipid peroxidé.ihem”UmineSC?Y‘Ce
tion in animal models. Furthermoieyitro studies have revealed that' Platelet aggregation
kDa protein phosphorylation and aggregation. Based on these obser-

vations, we postulated that 3dinduced blood platelet aggregation

was mediated by lipid peroxidation. Using chemiluminescence (CL)

of luminol as an index of total lipid peroxidation capacity, we estab-

lished a correlation between lipid peroxidation capacity and platelet

aggregation. A (20-100 puM) stimulated CL production by human

blood platelets as well as their aggregation. Incubation of the platelets

with the antioxidants nor-dihydroguaiaretic acid (NDGA) (100 uM)

andn-propyl gallate (NPG) (100 uM), inhibitors of the lipoxygenase

pathway, completely prevented CL and platelet aggregation. Acetyl

salicylic acid (ASA) (100 uM), an inhibitor of the cyclooxygenase

pathway, was a weaker inhibitor of both events. These findings

suggest that At stimulates lipid peroxidation and the lipoxygenase

pathway in human blood platelets thereby causing their aggregation.

Introduction (5). Despite the fact that &lis a non-redox
metal, it has been reported that mice chroni-
Aluminum (AR*) overload is frequently cally fed with this metal presented high lev-
associated with neurological disorders suctels of brain tissue lipid peroxidati¢s). The
as Alzheimer’s encephalopathy, amyothro-end products of lipid peroxidation are cyto-
phic lateral sclerosis and aging (1,2)3%Al toxic and may cause platelet dysfunction.
accumulation is also claimed to be related td\evertheless, reactive oxygen species (ROS)
renal impairment, anemia and other clinicalsuch as the superoxide anion, hydrogen per-
complications in patients on hemodialysisoxide and the hydroxyl radical, well-known
(3). Furthermore, these patients present erstimulators of lipid peroxidation, are gener-
hanced levels of plasma lipid peroxidationated by platelet&,8). These species have
in comparison to healthy individuals (4) andbeen shown to be modulators of platelet
atherosclerosis in prolonged hemodialysisadhesion and aggregation, directly or through
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effects on vascular endothelial cells which.ouis, MO). Aluminum salt (AIG) was ob-
generate prostacyclin and nitric oxide (9). tained from Fluka (Buchs, Switzerland). All

Previous observations in the literatureother chemicals were of the purest grade
have accounted for the activation of phosavailable and were obtained commercially.
pholipase Aby ROS10). Furthermore, At
in combination with fluoride, forming the Subjects
fluoroaluminate complexll), activates
phospholipase A phospholipase C and 3-  The study included 25 healthy volunteers
thromboglobulin release in human bloodmean age, 38 years), who gave informed
platelets (12). The enhancement of phossonsent before participating in this study.
pholipase Aand phospholipase C activities
promotes the mobilization of arachidoniclsolation of platelets
acid from platelet membrane phospholipids
resulting in increased synthesis of eicosanoids Human blood platelets were obtained
(13,14). In addition, the generation of oxy-from healthy, drug-free individuals and col-
gen metabolites during prostaglandin synlected in 3.8% sodium citrate. Platelet-rich
thesis and the lipoxygenase-dependemilasma (PRP) was prepared by centrifuging
arachidonic acid turnover is accompaniethe citrated blood at room temperature for 6
by light emission from platelets in the presimin at 100g. The pH of the platelet suspen-
ence of luminol (15,16). Luminol-depend-sion was adjusted to 6.1 by the addition of 1
ent chemiluminescence (CL) is generateM citric acid. PRP aliquots were then centri-
through its peroxidase-catalyzed oxidationfuged in an Eppendorf microcentrifuge for
and has been used to estimate the oxidatiié& s at 2,000. Platelets were washed twice
stress status in a number of systems (17). with 140 mM NaCl and 2.1 mM KCl in 3.8

In the present report we describe*Al mM HEPES, pH 6.1, supplemented with 5
dependent human blood aggregation medinM EGTA and 1 mM prostacyclin and re-
ated by lipid peroxidation. The effects ofsuspended and adjusted to 3 &ddlls/mlin
Al®* on lipid peroxidation in human blood 3.8 mM HEPES, pH 7.4, containing 1 mM
platelets and on their aggregation were evall€aCl, and 1 mM MgCl.
ated by using luminol-dependent CL and
turbidometric aggregometry. Treatment of platelets

Platelet-derived CL was stimulated by
Al3* with the concomitant occurrence of Platelets were incubated with inhibitors
platelet aggregation. Both events werer vehicle (0.2% ethanol) for 5 min at°g7
strongly inhibited by the potent inhibitors of prior to the addition of &F. Subsequently,
the lipoxygenase system nor-dihydroguaiplatelet aggregation and CL production were
aretic acid (NDGA) andn-propyl gallate determined.
(NPG) (18) and, to a lesser extent, by the
cyclooxygenase inhibitor acetyl salicylic acidMeasurement of platelet aggregation
(ASA) (19).

Platelet aggregation was determined by

Material and Methods the turbidometric method of Born and Cross
(20), using a dual channel Chronolog 660
Reagents Lumi-aggregometer. Aliquots of 400 pl of

washed platelets were pipetted into a small
ASA, NDGA, NPG and luminol were siliconized cuvette and stirred at a constant
purchased from Sigma Chemical Co. (Stspeed of 1,000 rpm at &7. Al** solutions
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(20-100 pM, final concentrations) weresStatistical analysis
added and aggregation was recorded con-
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Table 1 - Effect of increas-
ing concentrations of alumi-

tinuously for 5 min after addition of the  Data are reported as means + SEM. Tk num on human blood plate-
agonist. The extent of aggregation (%) waStudent-test was employed to estimate dif et aggregation.

recorded 5 min after aluminum addition. ferences between groups. Differences we

Platelets were incubated at

considered to be significant when the prok 37oc, A3+ solutions were
Formolization of platelets ability was P<0.05. The statistical progran added and aggregation was

Instat-2 was utilized.

recorded for 5 min. Data are

L reported as mean = SEM of
Platelet agglutination was evaluated ac- 10 independent determina-

cording to MacFarland et al. (21). PRP wafesults tions.

submitted to treatment with 2% formalde-

A3+ (uM)  Aggregation (%)

hyde for 16 h at%€C. Platelets were washed Human platelets were stimulated witl

and centrifuged as described previously andl3+(20-100 uM) at 3%C for 5 min. Signifi-
400-pl aliquots of platelets were stimulatedtant platelet aggregation was observed aft
with Al3* (100 uM). Ristocetin was used asincubation of the cells with 50 uM &l The

positive control. maximum response was obtained after
incubation of the cells with 100 uM Al
Measurement of chemiluminescence (Table 1).

Peroxidation levels were determined us-

Luminol-dependent CL was determineding the luminol-dependent CL technique.
according to Dahlgren (22). A platelet susSimilar to the pattern observed for aggrega-
pension containing 3 x $@ells/mlwas main- tion, lipid peroxidation capacity in platelets
tained at 3T under stirring. Luminol (0.2 was linearly dependent on #lconcentra-
mM) dissolved in 2.0% dimethyl sulfoxide tion (Table 2). To rule out the possibility that
was added to the cell suspension prior to thibe effect of aluminum was due to platelet
addition of AF*. CL measurements startedlysis, we measured LDH activity in platelet
by the addition of A" solutions (20-100 supernatants after the reactions were carried
H1M) to the cells. CL intensity was measurea@ut; 5% or less LDH was measurable under
with a Chronolog 660 Luminometer equippedhese circumstances, indicating that no sig-
with a sample stirrer. The CL signal is renificant lysis had taken place (data not
ported as mV/gain. shown).

Release of lactate dehydrogenase
. Table 2 - Effect of different concentrations of alu-
As a parameter of cytoplasmic leakage minum on chemiluminescence intensity.
lactate dehydrogenase (LDH) activity was
measured spectrophotometrically (Celm Sa Platelets were incubated at 37°C, AI3* solutions
. L were added and chemiluminescence intensity
PaUIO)- A“qUOtS were taken from the incu- (mV/gain) was recorded for 5 min. Data are re-
bates 5 min after the addition oféAand the ported as mean + SEM of 10 independent deter-
supernatant was obtained by centrifugatio Minations.
for 2 min at 2,00@ in an Eppendorf micro-

. L A3+ (uM) Chemiluminescence (mV/gain)
centrifuge. LDH activity in the supernatant
was compared with total LDH activity of 28 2;-2 * 1-2
. . . 5 9=+ b
control platelets after lysis with Triton deter- 0 VI AT
gent (23).

20 44 +1.0
50 43.6 = 5.5
100 833 + 1.8
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Table 3 - Effects of acetyl salicylic acid (ASA), nor-dihydroguaiaretic
acid (NDGA), and n-propyl gallate (NPG) on human platelet aggrega-
tion and chemiluminescence stimulated with 100 pM Al3+,

Platelets were preincubated with NDGA, NPG or ASA for 5 min at
37°C before stimulation. Each value represents the mean + SEM
of 10 independent experiments. *P<0.05 compared to control

T.J.C. Neiva et al.

let agglutination induced by Al was ob-
served under the experimental conditions.

Discussion

The objective of the present report was to

(Student t-test). evaluate the relationship betweer?#de-
Treatment Aggregation  Chemiluminescence pend(:f‘n_t human.bIO_Od platelet_ aggreg{mon
(%) (mV/gain) and lipid peroxidation capacity. Earlier,
Rendu et al. (11) reported thattAht con-
A3+ (control) 79.4 £ 1.2 142.0 +17.1 ; - ;
A%+ + 1 M ASA o5 s 14 1406 =173 centrations S|mllar to thpse present in the
AI3* + 10 UM ASA 79.0 « 1.1 1100 + 16.2% blood circulation potentiated NaF-elicited
AI3+ + 100 pM ASA 782 = 1.1 712 +18.3% platelet aggregation, as well as diacylglyc-
A3+ + 1000 uM ASA 66.2 + 2.2* 484 +11.3% erol and 43-kDa phosphorylation. These au-
A3+ 4+ 1 M NDGA 89 & 2 208 o AE thors proposed thatthefluoroa!ummate com-
A3+ + 10 uM NDGA 786+ 28 21 = 0.36* plex, formed upon the association of NaF
Alz+ + 100 pM NDGA 50.6 + 2.1* 092 £+ 0.11* and A|CL1 may be responsib]e for the ob-
+ * *
AIP* + 1000 LM NDGA /9% 23 0-0 served effects. We have shown here that
AI3* + 1 UM NPG 785+ 14 497 =+ 14.0% Al3* at concentrations higher than those
A3+ +10 UM NPG 77.0 £ 25 180 = 6.14* used by Rendu et al. (11), promoted platelet
3 * * . . . .
AIZ* + 100 1M NP 49.0 + 2.7 ek = Ui aggregation and peroxidation in the absence
AI3+ 4+ 1000 uM NPG 13+ 1.3% 0.0*

Table 4 - Effects of alumi-
num (100 uM) and ristoce-
tin (1 mg/ml) on platelet ag-
glutination.

Data are reported as means
+ SEM of 5 determinations.
Cells were stimulated for 5
min at 37°C with aluminum
or ristocetin. For further
details see Material and
Methods.

Stimulus Agglutination
(%)

Ristocetin 282 + 2.4

(1 mg/ml)

Aluminum 0.0

(100 pM)
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of NaF. Recently, At has been shown to
induce lipid peroxidation in brain tissue of

Subsequently, we examined the effect ofnice chronically exposed to the metal (6).
the compounds that modulate eicosanoiGutteridge and co-workers (24) demonstrated
synthesis in platelets, NDGA and NPG (inthat AF* salts do not directly stimulate lipid
hibitors of the lipoxygenase pathway), angeroxidation, but instead accelerate iron- and
ASA (inhibitor of the cyclooxygenase path-hydrogen peroxide-dependent lipid peroxi-
way). Table 3 shows the effects of ASAdation in phospholipid liposomes and hu-
NDGA and NPG on Af-induced platelet man erythrocyte membranes. On the other
aggregation and chemiluminescence. At hand, superoxide and hydrogen peroxide are
lower ASA dose (1 pM) no inhibition of known to induce platelet aggregation and
aluminum-dependent aggregation was olthey can be produced by these cells (8).
served. At the highest dose tested, ASA inAlthough AB* has no redox capacity, the
hibited platelet aggregation by only 13%,metal can cause alterations at the membrane
whereas NDGA and NPG completelylevel facilitating iron-initiated lipid peroxi-
blocked the process at the same concentrdation. Oteiza (25) showed thatAihcreases
tions. Furthermore, At-dependent lipid per- the packing of fatty acids, thus favoring the
oxidation evaluated by CL of platelets wagpropagation of lipid peroxidation. Here, we
partially inhibited by ASA (1 mM). In con- show that lipid peroxidation capacity, esti-
trast, 100 pM NDGA and NPG completelymated as luminol-dependent CL in human
prevented Al*-dependent chemilumines- blood platelets, was progressively stimulat-
cence. ed by increasing concentrations ofAThere

Finally, to evaluate whether platelets un-is experimental evidence that lipid peroxides
dergo AF*-induced aggregation or aggluti-increase platelet sensitivity to agonists
nation, we determined the effect ofAbn (26,27). Furthermore, early reports indicated
formolization of platelets (Table 4). No plate-that CL in platelets arises from prostaglan-
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din synthesis and lipoxygenase activityase pathway, strongly inhibited3Aldepend-
(15,16). Worner (15) reported that the chemient platelet aggregation and CL. Therefore,
luminescence response of platelets exposéd3*dependent platelet aggregation and as-
to arachidonic acid is dependent on the prosociated CL most likely reflect a lipoxygen-
taglandin and lipoxygenase pathways. Acase-mediated event. Lipid peroxides have
cordingly, the inhibition of platelet CL meas-been shown to be positive cofactors of lip-
ured here in the presence of antioxidantexygenase activities in a number of systems
indicates metabolization of arachidonic acid29). Thus, stimulation of lipid peroxidation
under our experimental conditions. It wasn platelets by Al*would build up a concen-
reported that ASA, at low concentrationstration of peroxide activators, which in turn
promotes specific acetylation of the cyclo-activate the lipoxygenase pathway in these
oxygenase activity component of prostaglaneells, resulting in their aggregation. Alterna-
din synthesis, causing irreversible inhibitortively, the metal itself may function as a
of this activity in platelets from PRP (28).positive cofactor for the lipoxygenase activ-
Nevertheless, partial inhibition by 1 mMity in platelets.

ASA of Al¥*-dependent aggregation and CL  In conclusion, although At has no re-
arising from washed platelets incubated witldox capacity, it is tempting to propose that
the metal suggested a secondary role for ttikis metal induces oxidative stress in plate-
cyclooxygenase pathway in this process. Olets, stimulating lipoxygenase activity in these
the other hand, NDGA and NPG, antioxi-cells and promoting their aggregation.
dants and potent inhibitors of the lipoxygen-
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