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A b s t r a c t . The dynamics of binding of exogenous a-tocopheiol ( Q - T ) added to 
native or oxidatively modified LDLs (LDLs oi oxLDLs) weie investigated Venous 
blood from 31 clinically healthy blood donors (15 males and 16 females) was used 
LDLs weie isolated by density giadient ultiacentnfugation LDLs weie oxidized 
in vitro by CUSO4 LDLs 01 oxLDLs weie punched with exogenous Q - T (initial 
concentiations 0, 10, 20 50. 01 100 nmol pei mg protein) The contents oi Q - T in 
LDLs or in oxLDLs weie measuied by HPLC Lag-phase of LDL oxidation befoie 
or aftei satuiation with Q - T was lecoided Coiielation analysis of the lag-phase of 
LDL oxidation and Q - T content in LDLs was earned out by the method of Ester-
bauer et al The expenmental lesults demonst iated that (1) Q - T was mcoiporated 
into native LDLs to a highei extent as conipaied to oxLDLs (11) A satuiat ion of 
LDLs and oxLDLs with Q - T was obseived (111) A positive coiielation was obseived 
between the duration of the lag-phase of LDL oxidation in vitio and the content 
of Q - T in LDLs (IV) Based on LDL satuiat ion with Q - T the peisons could be 
clasified in two gioups LDLs fiom group I of 26 peisons weie found to nicoipoiate 
exogenous Q - T to the extent of 1 8 to 3 times its initial concentiation. LDLs fiom 
gioup II of 5 peisons mcoipoiated little 01 no exogenous Q - T In the fust gioup, 
oxidation of LDLs lead to a considerable deciease 111 Q-T-dependent vanable k and 
to a moderate íeduction of a-T-independent vanable a 111 the equation of Ester-
bauei et al lag-phase = k [a-tocopherol] + a In the second gioup, oxidation of 
LDLs lead to insignificant changes m k, as well as in a (v) Accoidmg to the levels 
of k and a the native LDLs fiom the second gioup of 5 peisons weie veiy close 
to oxLDLs fiom the fiist gioup of 26 peisons Piesumably, native LDLs fiom the 
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second gioup of peisons weie initially oxidatively modified, and piobably this will 
be a nsk gioup m i elation to atheiogenic disoideis 

K e y words: Low density lipopiotems - Oxidative modification — Q-Tocopheiol 

In troduc t ion 

Incieasmg e\idence has indicated that fiee ladical iea< tions ma\ be imolved m 

oxidative modifications of low densitv lipopiotems (LDL) (Stembiechei et al 1984, 

Steinbeig et al 1989, Witztum and Stembeig 1991 Esteibauei et al 1992a, Packei 

1992, Regnstiom et al 1992 Lyons 1993, Wit/ turn 1994) Oxidatively modified 

LDLs (oxLDLs) may piomote athcioscleiosis by diffeient mechanisms by scav-

engei cell leceptoi uptake, by cytotoxic effect and following endothelial dysfunction 

chomotaxis of cnculating monocytes and inhibition of then migiation (Stembiecliei 

et al 1984 Stembeig et al 1989 Witztum and Steinbeig 1991, Esteibauei et al 

1992a,b Packei 1992, Regnstiom et al 1992. Lyons 1993, Campbell and Campbell 

1994, Van Beikel et al 1994, Witz tum 1994) A numbei of íecent studies have 

shown the piotective effect of antioxidant vitamins on the oxidative modifications 

of LDLs (Esteibauei c t a l 1989a,b, 1992a,b, Comwell et al 1990 H a i a t s e t a l 1990, 

Diebei-Rothenedei et al 1991 Packei 1992 Ingold et al 1993 Pai thasaia thy and 

Santanam 1994) Se\eial mechanisms foi antioxidant defence of LDLs ha \ e been 

discussed 

consumption of the antioxidants dunng then niteiaction with fiee íadicals 

and activated oxygen species (Halhwell and Gat tendge 1984, Niki 1987, Sies 1991), 

elimination of the lipophilic antioxidants by (omplcx foimation with fiee 

fatty acids oi with ly sophosphohpids geneiated as piochu ts of the oxidative modi

fications of LDLs (Enn et al 1984. Uiano et al 1987), 

- elimination of the lipophilic antioxidants by complex foimation with choles-

teiol esteis (Uiano and Matsuo 1987, Kagan 1990), 

- distmbance of niteiactions between the leducmg plasma ec[uivalents and 

lipophilic LDL antioxidants tins would p i c m i t the lecychng of lipophilic LDL 

antioxidants (Kagan et al 1990a 1992 Hnamatsu and Packei 1991, Packei 1992, 

Witz tum 1994), 

- distuibance of the possibilities of binding of lipophilic antioxidants with 

LDLs (Lm 1993, Kaygen and Tiabei 1993) 

The piesent woik focused on the lattei mechanism, because a distuibance of 

the binding of lipophilic antioxidants with LDLs may influence all the othei possible 

mecliamsms of LDL antioxidative defence We studied the dynamics of binding of 

exogenous «-tocopheiol added to native (nonmodified) and to oxidatively modified 

LDLs 
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Materials and Methods 

Chemicals 

All íeagents, analytical giade, weie obtained fiom Aldnch Chem Co , Henkel Co , 
Meick, and Sigma Chemical Company 

Study Design 

Thnty-one clinically healthy blood donois (15 males and 16 females, mean age 34 
yeais, íange 24-39) without hypeitension, coionaiy a i te iy disease, hypercholesteio-
laemia, hypeilipidaemia, hypeitnglyceiidaemia diabetes, livei oi kidney diseases 
weie included in piesent study Blood was obtained fiom the cubital vein after 
ovei night fast 

Isolation of LDLs 

LDLs weie isolated by sequential ultiacentiifugation in a Beckman L8 55 ultiacen-
tnfuge Bnefiy, venous blood was taken fiom each peison, aftei overnight fast, into 
Vacutainei tubes containing K-EDTA (1 mg/ml blood, final concentiation) The 
plasma was collec ted aftei centiifugation and was dialyzed against PBS (10 minol/1, 
pH 7 4, 4°C, foi 6 h) LDL fiaction was isolated by ultiacentiifugation m a density 
giachent (KBi) The following solvent density mteival was used d = 1 019— 1 063 
g/ml, to punfy LDLs The isolated LDL fiaction was dialysed extensively against 
PBS (10 mmol/1, pH 7 4 4°C, foi 6 h with 2 changes of the buffei) The pun ty of 
LDL fiaction was chec ked bv electiophoiesis The isolated LDLs gave a single band 
on l'/r agaiose gel electiophoiesis, and contained only intact apopiotem B LDLs 
weie used m expenments immediately aftei isolation Foi expeiiments LDLs weie 
íesuspeiided m PBS (10 mmol/1, pH 7 4) 

HPLC analysis of a-tocoph( rol (ontfvt 

Q-tocopheiol was extiacted fiom LDL fiaction as descnbed by Lang et al (1986) 

and was assayed by HPLC using a C-18 column (25 x 4 1 mm) The eluent was 

methanol-ethanol 1 9 (v /v) , 20 mmol/1 lithium peichloiate The flow la te was 1 

m l / m m and the injected volume was 20 //l The eluate was momtoied by spec-

tiofluonmetiic detectoi - Aex = 292 nm, Aem = 325 um 

Oxidation of blood plabina 

Blood plasma was oxidized accoidmg to the method descnbed by Esteibauei et 

al 1989b In bnef, the blood plasma was adjusted to pH 7 4 with 50 mmol/1 K, 

Na-phosphate buffei C u S 0 4 (10 //mol/1) was added to the plasma followed by 

incubation foi 18 h at 37°C Aftei the incubation, the oxidized LDLs (oxLDLs) 

weie isolated fiom the plasma 

LDLs isolated fiom nonoxidized blood plasma weie used as contiol To test 

whethei oxidation of LDLs occuned duimg the incubation of the plasma with 
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CuS04 , the electiophoietic mobility of LDL paiticles m agarose gel was measuied 
The design of the experiment is shown m Diagram 1 

Blood p lasma 

Control aliqouts Oxidat ion of blood 
plasma with C11SO4 

4 4 
Isolation of LDLs isolation of oxLDLs(LDLs) 

(by ultracentrifugation) 

Cont iol of degree of LDL oxidation - by determinat ion of electiophoietic mobili ty 
of LDL paiticles m agarose gel before and after addit ion of C11SO4 

4 a-
Addit ion of exogeneous cc-tocopheiol to LDLs 01 ox LDLs suspensions 

1 J I I I 
0 10 20 50 100 

nmol a - tocophero l /mg LDL protein 

Incubation in wate i -ba th - at 37°C foi 60 mm 

4 a-
Isolation of LDLs or oxLDLs fiom each suspension bv ul t iacenti i fugat ion 

• Determinat ion of o tocopherol bound to LDLs 01 to o \LDI s 
• Recording of lag-phase of LDL(oxLDL) oxidation by C11SO4 

D i a g r a m 1. Expeumen ta l proceduie foi the isolation of nat ive LDLs and oxidat iveh 
modified LDLs from blood plasma 

Native LDLs and oxLDLs weie used 111 fmthei expeiiments 

Enrichment of native and oxidized LDLs with exogenous a-tocopherol 

a-Tocopheiol was added to 2 ml of LDL suspension (1 mg LDL piotein/ml), fol
lowed by incubation foi 120 min at 37°C, in a nitiogen atmospheie a-Tocopherol 
was dissolved in ethanol (5 //l ethanol/2 ml LDL suspension) 

Theieaftei, the LDL suspension was centnfuged as descnbed above to isolate 
LDL fraction (Diagiam 1) LDLs weie lesuspended 111 PBS to a final concentiation 
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of piotein of 0 5 mg/ml, and the amount of Q-tocopheiol was analyzed by HPLC 
(Lang et al 1986) 

Oxidation of native and oxidized LDLs by CuSOn 

LDLs (25 /xg protem/ml) weie oxidized by 1 67 ^imol/1 C11SO4 and continuously 
monitored sprectiophotometncally at 234 nm at 30°C to follow the foimation of 
conjugated diens (Esteibauei et al 1989b) The lag-phase of the leaction was cal
culated 

Piotem concentiation was measured by the method of Lowry et al (1951) with 
bovme seium albumíne as a protein standard 

Statistical analysis 

The results weie expressed as mean ± S D The data weie analyzed by ANOVA with 
statistical significance of differences between the expeumental groups deteimined 
by Dunnett's test Statistical significance was assessed at P < 0 05 

Results 

Binding of exogenous a-tocopherol with native and oxidized LDLs 

On the basis of the degree of LDL and oxLDL saturation with a-tocopheiol, the 
blood donois could be classified into two gioups "Q-tocopheiol-bindeis" (group I) 
and "a-tocopheiol-nonbinders" (group II) The differences m the degree of LDL 
or oxLDL saturation with exogenous Q-tocopheiol between gioup I and II were 
statistically significant (p < 0 01) 

The íesults of LDL 01 oxLDL satuiation by a-tocopheiol 111 gioup I of 26 per
sons (11 males and 15 females) are shown 111 Fig 1A Addition of a-tocopherol in 
concentiations between 10 and 100 nmol/mg LDL protein íesulted in the satuia
tion of LDLs and oxLDLs with this antioxidant Native LDLs were satuiated after 
addition of 50 (01 moie) nmol exogenous a tocopheiol pei mg piotein (Fig 1A) 
OxLDLs (isolated aftei oxidation of blood plasma by Cu2+ in vitro - see Diagiam 1) 
were satuiated with 20 (01 moie) nmol exogenous a-tocopherol per mg protein 
(Fig 1,4) Also, native LDLs bound exogenous a-tocopherol 1 8 to 3 times its ini
tial steady-state concentiation 111 the lipopiotems (15 1±6 3 nmol a-tocopherol/mg 
protein) However, oxLDLs bound exogenous a-tocopherol 1 4 to 2 3 times (maxi
mum) its initial concentiation in oxLDL (9 0 ± 4 5 nmol a-tocopheiol/mg piotem) 
Maximum concentrations of a-tocopherol measured in LDLs 01 oxLDLs (after ad
dition of 100 nmol exogenous a-tocopherol per mg LDL-protein) weie 43 5 ± 12 7 
nmol/mg piotein or 22 5 ± 7 5 nmol/mg piotein, respectively 

The results of LDL or oxLDL saturation by a-tocopheiol m gioup II of 5 per
sons (4 males and 1 female) are presented in Fig IB In tins case, native LDLs 
weie satuiated at 20 (01 moie) nmol exogenous a-tocopheiol pei mg piotem Native 
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LDLs fiom gioup II of clinically healthy blood donois were found to incorporate 

exogenous a-tocopheiol only to the extent of 1 3 1 7 times its initial concentiation 

m lipopiotems (10 0 ± 3 5 nmol a- tocopheiol /mg piotem) oxLDLs fiom this gioup 

of peisons mcoipoiated piactically no exogenous o-tocopheiol In this case maxi

mum concentiations of a tocopheiol measuied m LDLs or oxLDLs (after addition 

of 100 nmol exogenous a tocopheiol per mg LDL-piotem) weie 17 0 ± 7 1 nmol /mg 

piotem oi 8 7 ± 2 8 nmol /mg piotem respectively 

A companson of the íesults shown m Figs 1 4 and IB suggests that 

m both gioups ( a tocopheiol-bmdeis and a-tocopheiol-nonbindeis ' ) ex 

ogenous a-tocopherol was mcoipoiated into native LDLs to a highei extent as 

conipaied to oxLDLs 

native LDLs fiom gioup I (26 a-tocopheiol bmdeis") mcoipoiated ex 

ogenous Q-tocopheiol about twice as much as native LDls fiom group II (5 a 

tocopheiol nonbmdeis ) 

the degiee of a-tocopheiol satuiat ion of native LDLs fiom gioup II is smnlai 

to the degiee of a tocopheiol satuiation of oxLDLs fiom gioup I 

Con elation between the lag phase of LDL oxidation by CuSOi and the (ontent of 

a tocopherol in LDLs or oxLDLs after saturation 

A. significanth decieased susceptibility of LDLs to oxidation aftei satuiat ion with 

a tocopheiol (p < 0 01) was dcmonstiated by changes m the kinetics of conju

gated diene foimation following incubation of LDLs oi oxLDLs with CuSO) The 

changes weie chaiactenzed by an mcieased lag-phase of LDL oxidation aftei addi

tion of a-tocopheiol (Figs 2 4 5 ) It was shown that in gioup I (Fig 2 4) lag phase 

of LDL oxidation by C u S 0 4 mcieased significantly aftei addition of mcieased con

centiations of exogenous o-tocopheiol to native LDLs (p < 0 01) Lag-phases of 

hpopiotein oxidation by CUSO4 was mcieased minimally (p > 0 05) aftei addition 

ot mcieased concentiations of exogenous o tocopheiol to oxLDLs from gioup I, and 

to native LDLs and oxLDLs fiom gioup II (Fig 2B) 

A highly positive coiielation was shown between the duration of the lag phase 

of LDL oxidation by induced C11SO4 and the content of Q tocopheiol bound to 

LDLs 01 oxLDLs (Fig 3) The mathematical modeling of the expeumental íesults 

piesented m Figs 1 and 2 was c amed out by the method of Esteibauei et al 1992a 

The equation descnbmg the relationship between a tocopheiol concentiation and 

the lag-phase of LDL oxidation was expiessed as lag-phase = k [a tocopherol] 

+ a wheie k was the a-tocopheiol-dependent constant (efficacy constant of Q 

tocopheiol) and was calculated from the slope of the coiielation line a was the Q-

tocopheiol independent vanable 111 minutes calc ulateel fiom the mteicept of the coi

ielation line with y axis, and [a tocopherol] was the concentiation of a-tocopherol 

added to LDLs The same methodological appioach was employed m 0111 study to 

calculate the above mentioned paiameteis k and a foi native LDLs and oxLDLs 
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In the fiist gioup ( a-tocopheiol-bmdeis ) k values weie 2 13 ± 0 58 and 

0 7 4 ± 0 22 foi LDLs and oxLDLs íespectively and the a values weie 22 6 ± 8 1 foi 

LDLs and 19 0 ± 7 2 foi oxLDLs In the second gioup ( a tocopheiol-nonbmdeis ) 

k values weie 1 18 ± 0 30 foi LDLs and 1 06 ± 0 37 foi oxLDLs and the <i values 

weie 51 6 ± 15 5 foi LDLs and 37 4 ± 11 2 foi oxLDLs 

D i s c u s s i o n 

Oui expeinnents showed that native LDLs weie able to bind much moie exogenous 

a tocopheiol as conipaied to oxLDLs A satuiat ion of native LDLs and oxLDLs 

with Q tocopheiol was obseived In the case of multi oi monolammelar liposomes 

(piepaied fiom diffeient lipids) no satuiat ion with a-tocopheiol was obseived m 

the íange of Q tocopheiol concentiations used (Kagan et al 1990b c) These íesults 

aie in good agieement with those íepoited by Esteibauei et al (1992a b) 

The lelationslnp between the lag phase of in vitio LDL oxidation by C u 2 + 

and the amount of exogenous a tocopheiol added to the blood is descnbed by the 

lmeai equation (Esteibauei et al 1992a) lag phase in minutes — k [a tocopherol 

concentration] + a (wheie k and a weie chaiactenstic of subject specific constants 

by which the oxidation íesistance of the LDLs was deteimmed) 

In oui expeinnents a positive coiielation was obseived (/ = 0 94 /; < 0 001) 

between the duiation of lag-phase of LDL oxidation in vitro and the content of 

a-tocopheiol m LDLs 

Accoidmg to the degiee of exogenous a tocopheiol binding to LDLs oi oxLDLs 

the clinically healthy donois may be classified into two gioups The fust gioup ( a 

tocopheiol bindeis ) txpiessed a significantly highei capacity of LDLs to bind a-

tocopheiol In this gioup the values of Q tocopheiol dependent vanable k foi LDLs 

weie consideiably highei (p < 0 001) than the k values foi oxLDLs The values of 

Q tocopheiol-mdependent vanable a weie slightly deueased (p < 0 05) aftei LDLs 

oxidation LDLs fiom the second gioup of subjects ( a-tocopheiol nonbmdeis ) 

exhibited a pooi affinity foi exogenous a-tocopheiol In this gioup the value s of a 

tocopheiol dependent vanable k as well as the values of Q tocopheiol independent 

vanable a foi oxLDLs weie not significantly diffeient fiom those of native LDLs 

At piesent howevei it is unceitam why constants foi an individuals a ie diffei 

ent and whethei they change with age lifestyle and dietaiy habits It is m t n g u m g 

to speculate that if a is low the o-tocopheiol intake may lead to an mciease of 

antioxidant defence of LDLs (estimated by the lag phase time) Foi such subjects 

a-tocopheiol may function as the majoi LDL piotectoi dining in uitro oxidation 

On the othei hand foi subjects with low levels of A, even megadoses of a-tocopheiol 

may bung only minimum piotective effect against LDL oxidation (Esteibauei et 

al 1989b 1992a) 

The amount of polyunsatmated fatty acids (PUFA s) the latio of PUFAs to 



LDL Oxidation and a-Tocopheiol Binding 473 

saturated fatty acids, cholesteiol content, mobility of a-tocopherol, and stiucture 
of apo-B aie factors which may influence the values of Ä and a (Massay 1984, 
Comwell et al 1990) 

All these findings may suggest that if mteiaction of a-tocopheiol with LDLs is 
a nonspecific piocess (detennmed only by the mcoiporation of antioxidant m the 
lipid phase of LDLs), supplementation of LDLs with a-tocopherol should íesult in 
almost the same obseivations m diffeient biological subjects, as well as in native 
and oxidatively modified LDLs This however was not the case in our expenments 
Piobably, a-tocopherol was bound to LDLs not only by mcoiporation into the 
lipopiotem lipid phase, but also by "specific piotem"-mediated inteiactions 

As the íesults foi in uitro oxidized LDLs are very smnlai to m vivo oxida
tively modified LDLs m atheiogenesis, factors determining the levels of k and a 

cast doubt on the necessity and efficiency of a-tocopherol m the prophylaxis and 
tieatment of atheiogemc disoideis This assumption will finthei be tested m oui 
futuie expeinnents 
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