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Oxidized low density lipoprotein (LDL) has a major
impact in the development of atherosclerosis. Risk for
oxidative modification of LDL is usually determined
indirectly by measuring the capability of LDL to resist
radical insult. We compared three different methods
quantifying the antioxidative capacity of LDL ex vivo
in dyslipidemic patients with coronary heart disease.
Plasma samples were obtained from two dou-
ble-blinded cross-over trials. The duration of all inter-
ventions (placebo, lovastatin 60 mg/day,
RRR-o-tocopherol 300 mg/day and
lovastatin + RRR-o-tocopherol combined) was 6
weeks. The total radical capturing capacity of LDL
(TRAP) in plasma was determined using 2,2-azo-
bis(2,4-dimethyl-valeronitrile) (AMVN) -induced oxi-
dation, and measuring the extinction time of
chemiluminescence. TRAP was compared to the vari-
ables characterizing formation of conjugated dienes in
copper-induced oxidation. Also the initial concentra-
tions and consumption times of reduced a-tocopherol
(0-TOH) and ubiquinol in AMVN-induced oxidation
were determined.

Repeatability of TRAP was comparable to that of
the lag time in conjugated diene formation. Coefficient
of variation within TRAP assay was 4.4% and between
TRAP assays 5.9%. Tocopherol supplementation pro-
duced statistically significant changes in all antioxi-
dant variables except those related to LDL ubiquinol.
TRAP increased by 57%, the lag time in conjugated
diene formation by 34% and consumption time of

o-TOH by 88%. When data of all interventions were
included in the analyses, TRAP correlated with the lag
time (r = 0.75, p < 107), with LDL o -TOH (r = 0.50, p
< 0.001) and with the consumption time of o-TOH
(r=0.58, p < 0.0001). In the baseline data, the associa-
tions between different antioxidant variables were
weaker. TRAP correlated with the lag time (r = 0.55, p
< 0.001) and o-TOH consumption time (r=0.48, p <
0.05), and inversely with apolipoprotein Al (r =—-0.51,
p < 0.05). Lag time at the baseline did not correlate
with ubiquinol or tocopherol parameters, or with any
plasma lipid or lipoprotein levels analyzed. Lovasta-
tin treatment did not significantly affect the antioxi-
dant capacity of LDL. In conclusion, TRAP reflects
slightly different properties of LDL compared to the
lag time. Thus, LDL TRAP assay may complement the
other methods used to quantify the antioxidant capac-
ity of LDL. However, TRAP and the lag time react
similarly to vitamin E supplementation.

Keywords: assay performance; antioxidant capacity; coronary
heart disease; LDL-cholesterol; vitamin E supplementation

INTRODUCTION

Oxidation of LDL (low density lipoprotein frac-
tion in plasma) is among the initial events in the
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pathogenesis of atherosclerosisl!. Minimally
modified LDL has high affinity to the scavenger
receptor of a macrophage. This results in unreg-
ulated uptake of the lipoprotein in the arterial
wall and formation of foam cells. Oxidatively
modified LDL triggers an immunological
response with synthesis of specific antibodies
and recruitment of monocytes and macro-
phages[zl‘ Susceptibility of LDL to oxidation and
antioxidant defence capacity in plasma are pos-
tulated to reflect the situation in the vascular
wall as well. Elevated levels of oxidized lipids in
serum suggest that lipid peroxidation may be
accelerated also in the intima. Inhibitors of
hydroxymethylglutaryl-coenzyme A
(HMG-CoA) reductase are widely used to sup-
press endogenous cholesterol synthesis[3]. Inten-
sive lovastatin treatment may affect oxidative
defence mechanisms in LDL by decreasing ubig-
uinol synthesis[4'5]. Tocopherol supplementation
has been reported to increase the level of
reduced tocopherol in LDLI®], protecting its lip-
ids from oxidative modification in vitrol”! and ex
vivol®. Numerous methods have been developed
for the determination of the total antioxidant
capacity in plasma (or serum). The reduced
forms of known antioxidants can be directly
quantified, but most of the methods are based on
the initiation or rate of peroxidation of fatty
acids in LDL. These include eg. measurement of
reactive oxidants”), production of lipid perox-
ides“o], thiobarbituric acid reactive sub-
stances!'12l  or  other aldehydes than
malonaldehyde[13], conjugated dienes™ and
fluorescent proteins or lipids!'®l. Other methods
include quantitation of the disappearance of
LDL antioxidants and polyunsaturated fatty
acids, fragmentation of apolipoprotein Bl and
increase in the relative electrophoretic mobility
of LDLII, Oxidatively modified LDL is taken
up by macrophages in vivo. The macrophage
uptake experiments are thus biologically highly
relevant, but may be too laborious and insensi-
tive for the measurement of the oxidizability of
LDL.

The measurement of the total antioxidant
capacity (or total peroxyl radical trapping activ-
ity, TRAP) in plasma ex vivo was first introduced
by Burton et 4l. in 1982181, Our assay to measure
antioxidants in LDL fraction is based on continu-
ous monitoring of chemiluminescence, and it was
developed by Dr. Metsid-Keteld. It was modified
from TRAP assay performed in water
phase[lg'zo'zl]. In most of the previous stud-
ies[22'23], a water-soluble azo-compound, 2,2-azo-
bis (2-amidinopropane) HCI (AAPH), has been
used in the LDL TRAP assay to induce oxidation.
The method with the more lipid-soluble 2,2-azo-
bis(2,4-dimethylvaleronitrile) (AMVN) has not
been previously published in detail. We com-
pared the repeatability and sensitivity of this
assay to reflect changes in the antioxidant capac-
ity of LDL to those of two other methods where
oxidation of LDL is induced by copper or an
azo-compound. Plasma samples of dyslipidemic
patients with verified atherosclerotic coronary
heart disease (CHD) were used. Samples taken
during lovastatin therapy and tocopherol sup-
plementation were considered to represent con-
ditions where the antioxidative capacity of LDL
is altered.

MATERIAL AND METHODS

Plasma samples were obtained from 10 male vol-
unteers with coronary heart disease and hyperli-
pidemia. All the subjects had occlusions/
obliterations determined angiographically at
least in two major coronary vessels. Their aver-
age age was 56 + 8 years (mean + SD, range 40 to
69) and body mass index 25.4 + 1.4 kg/m2. At
the baseline, their fasting LDL cholesterol (mean
+ SD) was 4.8 +£ 0.9 mM, total / HDL -ratio 6.9 +
1.2, and triglyceride level 2.5 £ 1.4 mM. Nine of
the patients were on beta-blocking agent ther-
apy, 2 wused ACE-inhibitors, 4 long-acting
nitrates and 2 calcium channel blocking agents.
None of them were current smokers. The medi-
cation and dosage were not changed during the
trial.
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The patients participated in two cross-over tri-
als which had double-blinded, placebo-masked
and randomized cross-over designs. The mean
of the measured variable after the two 2-month
wash-out and one placebo period is considered
here as an individual baseline. The active rand-
omized intervention periods consisted of lovas-
tatin, RRR-a-tocopherol and
lovastatin + RRR-o-tocopherol phases. All inter-
vention periods had a duration of 6 weeks. The
dosage of lovastatin (Lovacol, Orion, Finland)
was 60 mg daily and that of RRR-a-tocopherol
(Esol, Leiras, Finland) was 300 mg (450 IU of
vitamin E) daily. This investigation conforms
with the principles outlined in the Declaration of
Helsinki.

Fasting venous samples were drawn totally
six times at 8 a.m. at the beginning and end of
the three active study periods. The patients were
advised to fast and not to take any medication,
coffee or other beverages for 12 h before the
blood samples. Alcohol was prohibited for 36 h
before sampling. Blood samples were drawn in
sitting position after a rest of at least 15 minutes.
EDTA plasma was separated by centrifugation
immediately after cooling (5 min) the sample in
ice in the dark. Separated samples were kept fro-
zen at —80°C until analyzed. Determination of
lipids, apolipoproteins and inorganic phospho-
rus in LDL have been described earlier®].

Determination of Total Radical Antiperoxiding
Capacity (TRAP)

The principle of total radical antiperoxiding
capacity (TRAP) determination for water-soluble
compounds (plasma, buffer solutions) has been
previously described in detaill’®?021] Here we
describe a modification of that method for
lipid-soluble samples. LDL was precipitated
from 2 ml EDTA-plasma by 75 ul heparin and
7.4 ml Na-citrate (64 mM, ]pH 5.04) in 10 ml
acid-washed Kimax-tubes!®*|. The precipitated
LDL fraction was extracted with 2ml chloro-
form-methanol (1:1). After shaking, two aliquots

of 100 pl each were deep-frozen for the measure-
ment of inorganic phosphate, and 1 ml for the
determination of lipid-soluble a-tocopherol and
ubiquinol, while the rest of the sample was used
without delay in the TRAP experiment.

In the determination of LDL TRAP, peroxyl
radicals are produced at a constant rate by ther-
mal decomposition of 2,2-azobis(2,4-dimethylva-
leronitrile) (AMVN; Polysciences Inc,,
Warrington, PA, USA): see reaction I below. Per-
oxyl radicals in reaction II oxidize luminol which
emits light as chemiluminescence (Il a). Antioxi-
dants in the sample added temporarily extin-
guish chemiluminescence (III b).

| RN =NR > 2R+ N,
AMVN
i R+ O, >  ROO*
la  ROQ* + luminol > oxidized luminal + N, + R®
*: chemiluminescence at 430 nm
In the presence of antioxidant AH:
11N+ ROO* + luminol + AH > ROOH + luminol + A

No excitation

Luminescence reappears when some antioxi-
dants in LDL have run out (Figure 1). The dura-
tion to the time point with half maximal
generation of chemiluminescence is the most
reproducible parameter. This is directly and line-
arly proportional to the peroxyl radical trapping
capacity in the sample.

The reaction was initiated by mixing 600 ul
chloroform-methanol (6:4) with 50 ul AMVN (0.4
M in benzene) and 50 wl luminol
(5-amino-2,3,-dihydro-1,4-phthalazinedione;
Bio-Orbit, Turku, Finland) mixture, where lumi-
nol 10 mM was dissolved in 20 mM
H,BO,Na,B,O, ¢ 10 H,O and 200 mM
KHCO-MeOH (1:1:2). The cuvette was placed in
the temperature-controlled (32°C) sample carou-
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FIGURE 1 Measurement of total radical antiperoxidizing capacity (TRAP) in LDL. TRAP is calculated from TRAP time using a
calibration coefficient, and is expressed as tocopherol equivalents (see Figure 2). Luminol is dispensed 15 min before the sample

into the cuvette containing AMVN solution at 32°C

sel of the luminometer (1251 Luminometer, LKB
Wallac, Turku, Finland). The processed LDL
sample (room temperature) of 100 ul was
injected directly into the cuvette after 15 min at
time point 00. The computer automatically meas-
ured the chemiluminescence of cuvettes at 50 s
intervals during the oxidation experiment. Toco-
pherol is known to trap two radicals per mole-
cule. AMVN-oxidation experiments are carried
out completely in lipid-phase, and the stoichio-
metric factor of o-TOH is assumed to be 2.0. The
system is calibrated using four concentrations (5,
10, 20 and 40 uM) of a tocopherol solution
(Trolox C, Aldrich, Deisenhofen, Germany). The
linear correlation coefficient between TRAP time
(50% recovery of luminescence) and tocopherol

concentration usually is not less than 0.999
(Figure 2). The LDL TRAP results are expressed
as micromole per millimole of in-organic phos-
phorus in LDL.

Measurement of Antioxidant Consumption
During Oxidation of LDL with AMVN

The kinetic oxidation method with isolated LDL
has been described earlier!®). Shortly, LDL in
chloroform-methanol mixture was oxidized by
21 mM AMVN in a temperature-controlied
incubator (37°C). A sample was taken every 3
minutes, and reduced o-tocopherol (o-TOH) and
ubiquinol were determined with HPLCI?), The
individual depletion times of o-TOH and ubig-
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FIGURE 2 Determination of the calibration coefficient. Trolox (synthetic tocopherol) at concentrations of 5, 10, 20 and 40 uM
was used in determination of the coefficient between TRAP time and tocopherol concentration. Linear correlation coefficient
was 0.999, and coefficient of variation between the duplicates was on average 1.1%

uinol were calculated using linear regression
analysis. Because recovery is variable due to
manual extraction of LDL, the results were
divided with LDL phosphorus (inorganic). In
this report, exhaustion of the antioxidants (con-
sumption time) is expressed by dividing the
depletion time with LDL phosphorus.

Oxidation of LDL with CuSOQO4

The formation of hydroperoxides with conju-
gated double bonds (conjugated dienes) during
copper-induced oxidation of LDL was detected
by measuring UV-absorbance at 234 nm. The
final concentration of CuSOy, in the mixture was
1.67 uM. The method has been described ear-

lierl'45], The lag time to the start of the propaga-
tion phase of diene formation, the maximal rate
of formation and the maximal concentration of
conjugated dienes formed (expressed as
umoles/g LDL protein) were determined. All
samples of a participant were analyzed simulta-
neously. One control sample was always proc-
essed with the patient samples. It was EDTA
plasma (containing 0.6% saccharose) drawn
from a healthy subject and kept at -80°C divided
in small aliquots.

Calculation of Repeatability of the Tests

In AMVN-induced oxidation experiments, the
within-assay coefficient of variation (CV) was
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calculated using duplicates of 76 samples which
consisted of both healthy subjects and dyslipi-
demic CHD patients (I). Each TRAP experiment
day included a common control sample. A
plasma sample pool of healthy subjects kept
deep-frozen was analyzed totally sixteen times
to analyze between-day (between-assay) repeat-
ability of TRAP and kinetic variables of lipid-sol-
uble antioxidants. The within-subject CV of
dyslipidemic CHD patients was calculated using
the three baseline measurements of the ten par-
ticipants: two from the wash-out periods and
one from the placebo period. The between-sub-
ject variation is the standard deviation of the
average baseline values divided by the mean of
these three baseline measurements. In cop-
per-induced  oxidation experiments, the
within-assay CV was calculated using duplicates
of totally 192 samples. The control sample sizes
for estimation of between-assay variation varied
from 10 to 25 measurements each. The weighted

mean of between-assay CV of ten different con-
trol specimens are presented in 1.

Statistical analyses were carried out using the
statistical program package BMDP SOLO v.
401261, The effects of the three different interven-
tions were compared using the analysis of vari-
ance with equal replications (RANOVA), and
with the factors treatment and treatment order.
If a statistical significance was observed in over-
all RANOVA, the comparison was continued
using a parametric contrast analysis, Tukey test,
between the active phases and baseline values. A
result with a two-sided p-value less than 0.05
was regarded as statistically significant. The
complete data set with 6 repeated measurements
was used in evaluating possible associations
between antioxidant and lipid variables. Pear-
son's linear correlation coefficients, and mean +
standard deviation are presented if not other-
wise cited.

TABLE ] Repeatability and biological variation (coefficient of variation, %) of different tests for measuring antioxidative

capacity in LDL

AMVN - induced oxidation

Cu — induced oxidation

TRAP LDL LDL

o-TOH  CoQ

Consumption time Lag time Rate Max

a-TOH CoQQ

Healthy control subjects

Within-assay CV% 44 - - - 2.8 35 2.0
Between-assay CV% 5.9 7.5 11.3 12.8 14.2 54 6.4 49
Dyslipidemic CHD patients
Within-subject CV% 12.4 17.2 25.2 223 20.9 7.0 10.4 6.3
Between-subject CV% 18.1 347 301 382 23.7 18.4 24.0 11.6
AMVN 2,2-azobis(2,4-dimethylvaleronitrile)
Cu copper 1.67 uM
TRAP Total radical antiperoxidizing capacity in plasma LDL
Lag time Initial delay in formation of conjugated dienes
Rate Maximal formation rate of conjugated dienes
Max Maximal concentration of protein-normalized conjugated dienes
o -TOH reduced a-tocopherol concentration divided by inorganic phosphorus (Pi)
CoQ ubiquinol concentration divided by Pi
CV% coefficient of variation in percentage
CHD coronary heart disease
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TABLE Il Variables (mean + SD) describing antioxidant capacity of LDL in 10 hypercholesterolemic CHD patients. The relative
changes (%) were measured after 6-week treatments with lovastatin 60 mg and RRR-o-tocopherol 300 mg daily. Analysis of
variance with repeated measurements and Tukey test was used to test the significance of the change compared to the baseline

value

Lovastatin

Vitamin E

Lovastatin + Vitamin

Fasting serum or plasma LDL Baseline E
O A % P

AMVN - induced oxidation of LDL
TRAP umol/mmol Pi  26.5+4.8 2.9 +57.8% +56.22
Reduced LDL o-tocopherol
Observed value before oxidation umol/mmol Pi 141+ 4.9 +3.6 +118.3% +129.0?
Consumption time min/mmolPi  11.6+2.7 +9.6 +87.8° +67.4%
LDL ubiguinol
Observed value before oxidation pumol/mmol Pi  0.70 £0.21 -19.1 +14.1 -12.1
Consumption time min/mmol Pi  129+4.1 +26.0 -18.4 +39.5°
Cu — induced oxidation of LDL
Lag time min 64.6+ 119 -7.4 +34.4° +27.9°
Maximal oxidation rate UM/ min 454 +0.11 22 -11.8b -17.8°
Maximal protein-normalized conjugated dienes pumol/g 516 4 57 -127% -89 -16.9¢

TRAP = total radical antiperoxidizing capacity in plasma LDL

Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/22/11

é\ Pi = inorganic phosphorus content in LDL
S
) a. p<0.0001.
= b. p=<0.05.
5 ¢ p<0.0L
?
o]
[
e}
L TABLE III Linear correlation coefficients between different variables in LDL. All data are pooled together (n = 60).
Significancies:
AMVN — induced oxidation
Consumption time
TRAP LDLo-TOH LDL CoQQ
a-TOH CoQ
TRAP - 0.50 0.01 0.58° —0.06
LDL o-tocopherol 0.50° - 0.35° 0.61° 0.15
LDL ubiquinol 0.01 0.35° - 0.33° 0.23
Consumption time of o-tocopherol 0.58 0.61° 0.33¢ - 0.29
Consumption time of ubiquinol -0.06 0.15 0.23 0.29 -
Copper - induced oxidation
Lag time 0.75° 0.55P 0.25 0.61° 0.02
Rate -0.20 ~0.41°¢ -0.07 -0.27 -0.13
Max -0.25 —0.50? -0.05 -0.25 0.01
TRAP Total radical antiperoxidizing capacity in plasma LDL
o-TOH Reduced a-tocopherol concentration divided by Pi
CoQ Ubiquinol concentration divided by inorganic phosphorus (Pi)
Lag time Initial delay in formation of conjugated dienes
Rate Maximal formation rate of conjugated dienes
Max Maximal concentration of protein-normalized conjugated dienes
a. p<0.001.
b. p<0.0001.
¢ p<00L
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RESULTS

The within- and between-assay repeatabilities of
TRAP assay were poorer than those of the lag
time or maximal concentration of conjugated
dienes during Cu?*-induced oxidation (Max ( I).
Coefficients of variation (CV% =sd./mean) of
the duplicates of the four standard samples
describing within-assay repeatability were
between 1.0 and 13% (Figure2). The
between-assay CV% measured using six deter-
minations of the standard line was 4.5 % for low
standard (5 pM) and 3.1% for high standard
(40 uM). The repeatability of the consumption
times of a-TOH and ubiquinol during non-
metal-ion-induced oxidation was clearly poorer;
the intra-individual variability in three baseline
samples was over 20%. This may be partly due
to a long interval (3 min) between the measure-
ments during AMVN-induced oxidation. Also
the reduced o-TOH and ubiquinol concentra-
tions in the LDL of fasting plasma samples after
wash-out and placebo periods (within-subject
CV) were highly variable. This may be due to
seasonal  variation in  nutrition.  The
between-subject CV% of reduced o-TOH was
32.5% if the antioxidant concentrations were cor-
rected with apoB levels instead of LDL phospho-
rus.

Vitamin E supplementation increased antioxi-
dant capacity in LDL ( II). The average relative
change was greater in TRAP than in the lag time.
Concentration of o-TOH in LDL, increased and
consumption time of a-TOH was prolonged sig-
nificantly. However, this did not affect LDL ubi-
quinol concentration or consumption rate during
AMVN-induced oxidation. The decrease in
TRAP or the lag time during lovastatin treat-
ment were not significant. Highly significant
changes (p < 0.0001) occured in serum lipids and
lipoproteins during lovastatin treatment, as
expected. Total cholesterol, LDL, apolipoprotein
B (apoB), and LDL phosphorus decreased by
31%, 43%, 28% and 34%, respectively. LDL /
apoB -ratio decreased by 21 % (p < 0.01). Interes-

tingly, fasting serum LDL cholesterol tended to
decrease (-4.4%) and HDL increase (+6.4%) also
during supplementation of vitamin E. These lead
to a statistically significant decrease in
LDL/HDL -ratio (-11%, p < 0.05). The weight or
living habits of the patients did not change dur-
ing the whole follow-up period. Association
between TRAP and the lag time was highly sig-
nificant in all data (r = 0.75, III) and during toco-
pherol period (r =0.89, p < 107, Figure 3a). At
the baseline, correlation between TRAP and lag
time (r = 0.55, p < 0.001) was not impressive. The
small changes in TRAP and the lag time induced
by lovastatin did not correlate (Figure 3b).
Reduced o -TOH in LDL and its consumption
time correlated significantly with TRAP and the
lag time ( III) when vitamin E supplementation
period was included. In the baseline (open cir-
cles in Figure 4), LDL o-TOH did not predict
antioxidative capacity in LDL measured with
techniques where lipid peroxidation is initiated
either with a metal-ion or a non-metal-ion.

The associations between the changes in ubiq-
uinol-related variables in LDL and TRAP or the
lag time were not significant. However, ubiqui-
nol consumption time was associated with all
lipid and lipoprotein variables except Apo Al
whereas tocopherol consumption time did not
associate with any of the lipid variables. Also
TRAP and lag time did not correlate with lipid
variables, which was somewhat unexpected. In
the baseline data TRAP was inversely associated
only with apolipoprotein Al (r = -0.51, p < 0.01).

DISCUSSION

In this six-phase cross-over data set lovastatin
treatment represents a period when antioxida-
tive defence mechanisms in LDL are possibly
affected!?]. RRR-a-tocopherol supplementation
represents a period when the reducing capacity
of LDL is fortified?”?%8], The different standard-
ization of LDL sample in the copper- and
AMVN-induced oxidation assays may partly
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FIGURE 3 Individual changes of TRAP and lag time in Cu?*-induced oxidation. A) © = baseline, = RRR-a-tocopherol 300 mg
daily. B) > = baseline, ® = lovastatin 60 mg daily

explain the different behaviour of TRAP and lag  tein concentration was constant. In the other
time during lovastatin therapy. In metal ion  experiments the amount of AMVN per sample
-induced oxidation of LDL copper vs. lipopro-  was always constant independent of the LDL
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level in serum, and the results were normalized
using the inorganic phosphorus concentration in
LDL (Pi). Also the consumption times were
divided with Pi, and can not be directly com-
pared with those published previously!*>8],

The daily dose of tocopherol in this trial was
300 mg of RRR-o-tocopherol, which is about
equivalent with 450 mg (450 IU) of all-racemic
o-tocopheryl acetate (d,l-o-tocopheryl acetate)
when a bioactivity ratio of 1.36 is used between
these two compounds. This ratio has been sug-
gested to be considerably higher[29'3O] .

ApoB contains thiols which may participate in
the initial radical-scavenging events in LDLI,
Also the particle size may affect oxidation/®2].
The correlation analyses were also carried out
with TRAP data where Trap time was divided
with apoB level, that is, with the number of LDL
particles. However, this did not significantly
change the correlation coefficients between
TRAP and the variables of Cu?'-induced oxida-
tion.

This investigation supports previous findings
concerning the role of o-TOH in ex vivo experi-
ments on antioxidative capacity in LDL. In a
study with 16 healthy volunteers, the lag time
and LDL o-TOH (per phosphate) did not corre-
late in copper-mediated oxidation, but the asso-
ciation was inverse (r=-042) in the
AAPH-induced oxidation!®®|. In another study
with 20 healthy volunteers no significant associ-
ation was found between the lag time and
0-TOH, ubiquinol, or polyunsaturated fatty
acids in LDLI*, whereas in primates exposed to
different diets the correlation between the lag
time in AAPH-mediated oxidation assay and
LDL a-TOH was significant!®®. However, the
lag time in copper-mediated oxidation did not
correlate with LDL o-TOH during a diet rich in
monounsaturated or saturated fats. In a pla-
cebo-controlled trial with 40 healthy smoking
men and  supplementation of o TOH
200 mg/day for 2 months, LDL TRAP increased
by 58% and the lag time by 34%[%] which is
exactly the same we found with older men with

CHD. The relative changes of o. -tocopherol level
in LDL or LDL + VLDL levels corresponded well
in these studies: 118% increase with 300 mg/day
and 90% increase with 200 mg/day. The results
differ only in that Porkkala-Sarataho et al. found
stronger correlation between the changes in
LDL-tocopherol and in LDL TRAP. In another
trial with healthy athletic men, a 4-week supple-
mentation with 294 mg tocopherol daily raised
LDL TRAP by 40% and serum tocopherol con-
centration by 59%[37].

Belcher et al.l%®! compared the lag times of
conjugated diene formation induced by copper
(10 uM CuSOy) and by hemin + hydrogen perox-
ide. Healthy volunteers took vitamin E (800
IU/day) or vitamin C (1000 mg/day) for 2
weeks. The linear correlation of the lag times cal-
culated from both supplemented and non-sup-
plemented samples was 0.929 between the two
different methods. In 21 NIDDM patients the lag
time was lengthened about 1.5-fold during vita-
min E supplementation (1600 IU/day). As in our
material, no correlation was noted between LDL
o-TOH and the lag time at baseline, whereas the
correlation was si%niﬁcant (r=0.69) after the

supplementation[39 .

Our results are also in concordance with a
study, where a-TOH/cholesterol ratio corre-
lated significantly with total antioxidant activity
of LDL during vitamin E supplementation
(300 mg daily for 9 weeks) but not in the
non-supplemented group[40]. In that study oxi-
dation of LDL was induced with ABTS (2,2-azi-
nobis(3-ethylbenzothiazoline-6-sulphonic acid))
radical cation.

In conclusion, duration of extinction of
AMVN-induced chemiluminescence, TRAP,
associates with the lag time in copper-induced
formation of conjugated dienes in LDL. This cor-
relation is stronger during vitamin E supplemen-
tation, and weaker during lovastatin treatment
when LDL particles contain less cholesterol. The
repeatability of LDL TRAP assay is acceptable
but slightly inferior to that of the lag time. In all
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FIGURE 4 Association of reduced a-tocopherol in LDL and LDL TRAP (A) and lag time of conjugated diene formation in
CuSOy-induced oxidation (B). ¢ =baseline, * =lovastatin 60 mg daily, ¢ = RRR-a-tocopherol 300 mg daily, B = lovastatin
60 mg daily + RRR-o-tocopherol 300 mg daily

three methods used in this investigation to play a significant role as an antioxidant only
water-phase  antioxidants were excluded. in tocopherol-supplemented LDL. LDL TRAP
Regardless of the method, a-tocopherol appears ~ may complement other indicators of antioxida-
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tive capacity in LDL, but further trials are
needed to elucidate if it has any role in clinical
practice.

Acknowledgements

This work has been supported by the grants
from Finnish Academy of Sciences, Tampere
University Hospital, and Hilkka and Vaing Kiltti
Foundation, Hameenlinna. We thank Leiras Oy,
Turkuy, Finland for support in masking the trials.
We appreciate the technical aid of Dr Matti Sep-
pdnen, Mrs Nina Lehtinen, Mrs Elina Selkils,
Mrs Marja-Leena Lampen and Dr Bjérn Astrom.

References

[1]

(2]

[3]

(4]

15]

[7]

(91

[10]

J. Witztum and D. Steinberg (1991) Role of oxidized
low density lipoprotein in atherogenesis. Journal of
Clinical Investigation, 88, 1785-1792.

W. Palinski, S. Yla-Herttuala, M. E. Rosenfeld, S. W.
Butler, S. A. Socher, S. Parthasarathy, L. K. Curtiss and
J. L. Witztum (1990) Antisera and monoclonal antibod-
ies specific for epitopes generated during oxidative
modification of low density lipoprotein. Arteriosclerosis,
10, 325-335.

T. R. Pedersen (1989) Aggressive lipid-lowering ther-
apy: a clinical imperative. European Heart Journal, 19,
Suppl M, M15-M21.

A. Palomaki, K. Malminiemi and T. Metsa-Ketela (1997)
Enhanced oxidizability of ubiquinol and alpha-toco-
pherol during lovastatin treatment. FEBS Letters, 410,
254-258.

A. Palomaki, K. Malminiemi, T. Solakivi, O. Malmin-
iemi (1998) Ubiquinone supplementation during lovas-
tatin treatment: effect on LDL oxidation ex vivo. Journal
of Lipid Research, 39, 1430-1437.

H. M. G. Princen, W. van Duyvenvoorde, R. Buyten-
hek, A. van der Laarse, G. van Poppel, J. A. Gevers Leu-
ven and W. W. M. van Hinsbergh (1995)
Supplementation with low doses of vitamin E protects
LDL from lipid peroxidation in men and women. Arfe-
riosclerosis, Thrombosis, and Vascular Biology, 15, 325-333.
U. P. Steinbrecher, S. Parthasarathy, D. S. Leake, J. L.
Witztum and D. Steinberg (1984) Modification of low
density lipoprotein by endothelial cells involves lipid
peroxidation and degradation of low density lipopro-
tein phospholipids. Proceedings of the National Academy
of Sciences LISA, 81, 3883-3887.

A. Palomaki, K. Malminiemi, O. Malminiemi and T.
Solakivi (1999) Effects of lovastatin therapy on suscep-
tibility of LDL to oxidation during o-tocopherol sup-
plementation. Arteriosclerosis, Thrombosis, and Vascular
Biology, 19, 1541-1548.

B. Chance, H. Sies and A. Boveris (1979) Hydroperox-
ide metabolism in mammalian organs. Physiological
Reviews, 59, 527-605.

M. El-Saadani, H. Esterbauer, M. El-Sayed, M. Goher,
A. Y. Nassar and G. Juergens {1989) A spectrophoto-

[11]

{12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

(23]

{24]

{25]

metric assay for lipid peroxides in serum lipoproteins
using a commercially available reagent. Journal of Lipid
Research, 30, 627-630.

C. A. Brownley and L. Lachman (1965) Use of 2-thio-
barbituric acid-malonaldehyde reaction as a measure of
antioxidant effectiveness in pharmaceutical oils. Journal
of Pharmaceutical Sciences, 54, 1480-1487.

M. Uchiyama and M. Michara (1978) Determination of
malonaldehyde precursor in tissues by thiobarbituric
acid test. Analytical Biochemistry, 86, 271-278.

B. Halliwell and J. M. C. Gutteridge (1989) Free Radi-
cals in Biology and Medicine, 2nd ed. Clarendon Press,
Oxford, pp. 218-234.

H. Esterbauer, G. Striegl, H. Puhl and M. Rotheneder
(1989) Continuous monitoring of in vitro oxidation of
human low density lipoprotein. Free Radical Research
Communication, 6, 67-75.

J. M. Gebicki, G. Jurgens and H. Esterbauer (1991) Oxi-
dation of low-density lipoprotein in vitro. In Oxidative
Stress (ed. H. Sies), Academic Press, London and New
York, pp. 371-397.

L. G. Fong, S. Parthasarathy, J. L. Witztum and D. Stein-
berg (1987) Nonenzymatic oxidative cleavage of pep-
tide bonds in apoprotein B100. Journal of Lipid Research,
28, 1466-1477.

E. R. Stadtman (1989) Oxygen radical -mediated dam-
age of enzymes: Biological implications. In Medical,
Biochemical and Chemical Aspects of Free Radicals
(eds. O. Hayaishi, E. Niki, M. Kondo and T.
Yoshikawa), Elsevier Science Publishers, Amsterdam,
pp- 11-19.

G. W. Burton, A. Joyce and K. U. Ingold (1982) First
proof that vitamin E is major lipid-soluble, chain-break-
ing antioxidant in human blood plasma. Lancet, 2, 327.
D. D. Wayner, G. W. Burton, K. U. Ingold, and S. Locke
(1985) Quantitative measurement of the total, peroxyl
radical-trapping antioxidant capability of human blood
plasma by controlled peroxidation. The important con-
tribution made by plasma proteins. FEBS Letters, 187,
33-37.

D. D. Wayner, M. Wayner, G. W. Burton, K. U. Ingold,
L. R. C. Barclay and S. J. Locke (1987) The relative con-
tributions of vitamin E, urate, ascorbate and proteins to
the total peroxyl radical-trapping antioxidant activity
of human blood plasma. Biochimica et Biophysica Acta,
924, 408-419.

T. Metsa-Ketela (1991) Luminescent assay for total per-
oxyl radical trapping capability of plasma. In Biolumi-
nescence and chemiluminescence: current status (eds.
P. E. Stanley and L.J. Kricka), John Wiley & Sons,
Chirchester, pp. 389-392.

M. Valkonen and T. Kuusi (1997) Spectrophotometric
assay for total peroxyl radical-trapping antioxidant
potential in human serum. fournal of Lipid Research, 38,
823-833.

M. Ahotupa, M. Ruutu and E. Mantyla (1996) Simple
methods of quantifying oxidation products and anti-
oxidant potential of low density lipoproteins. Clinical
Biochemistry, 29, 139-144.

H. Wieland and D. Seidel (1983) A simple specific
method for precipitation of low density lipoproteins.
Journal of Lipid Research, 24, 904-909.

JK. Lang, K. Gohil and L. Packer (1986) Simultaneous
determination of tocopherols, ubiquinols, and ubiqui-

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/22/11

For personal use only.

(26]

(27]

(28]

[29]

{30]

(31]

[33]

LDL TRAP ASSAY 593

nones in blood, plasma, tissue homogenates and sub-
cellular fractions. Analytical Biochemistry, 157, 106~116.
J. L. Hintze (1991) BMDP SOLQ Statistical Programs.
Version 4.0. BMDP Statistical Software Inc., Los Ange-
les.

J. Green and J. Bunyan (1969) Vitamin E and the biolog-
ical antioxidant theory. Nutritional Abstracts and
Reviews, 39, 321-345.

M. Seccia, E. Albano and G. Belomo (1997) Suitability of
chemical in vitro models to investigate LDL oxidation:
study with different initiating conditions in native and
alpha-tocopherol-supplemented LDL. Clinical Chemis-
try, 43, 1436-1441.

G. W. Burton, M. G. Traber, R. V. Acuff, D. N. Walters,
H. Kayden, L. Hughes and K. U. Ingold (1998) Human
plasma and tissue alpha-tocopherol concentrations in
response to supplementation with deuterated natural
and synthetic vitamin E. American Journal of Clinical
Nutrition, 67, 669-684.

R. V. Acuff, R. G. Dunworth, L. W. Webb and J. R. Lane
(1998) Transport of deuterium-labeled tocopherols dur-
ing pregnancy. American Journal of Clinical Nutrition, 67,
459-464.

E. Ferguson, R. J. Singh, N. Hogg and B. Kalyanaraman
(1997) The mechanism of apolipoprotein B-100 thiol
depletion during oxidative modification of low-density
lipoprotein. Archives of Biochemistry and Biophysics, 341,
287-294.

K. U. Ingold, V. W. Bowry, R. Stocker and C. Walling
(1993) Autoxidation of lipids and antioxidation by
alpha-tocopherol and ubiquinol in homogeneous solu-
tion and in aqueous dispersions of lipids: unrecognized
consequences of lipid particle size as exemplified by
oxidation of human low density lipoprotein. Proceed-
ings of the National Academy of Sciences USA, 90, 45-49.
B. Frei and J. M. Gaziano (1993) Content of antioxi-
dants, preformed lipid hydroperoxides, and cholesterol
as predictors of the susceptibility of human LDL to

{34]

[37]

[38]

(39]

[40]

metal ion-dependent and -independent oxidation. Jour-
nal of Lipid Research, 34, 2135-2145.

A. Kontush, C. Hiibner, B. Finckh, A. Kohlschiitter and
U. Beisiegel (1994) Low density lipoprotein oxidizabil-
ity by copper correlates to its initial ubiquinol-10 and
polyunsaturated fatty acid content. FEBS Letters, 341,
69-73.

M. J. Thomas, T. Thornburg, J. Manning, K. Hooper
and L. L. Rudel (1994) Fatty acid composition of
low-density lipoprotein influences it susceptibility to
autoxidation. Biochemistry, 33, 1828-1834.

E. K. Porkkala-Sarataho, M. K. Nyyssonen, J. E. Kaikko-
nen, H. E. Poulsen, E. M. Hayn, R. M. Salonen and J. T.
Salonen (1998) A randomized, single-blind, pla-
cebo-controlled trial of the effects of 200 mg alpha-toco-
pherol on the oxidation resistance of atherogenic
lipoproteins. American Journal of Clinical Nutrition, 68,
1034-1041.

T.]. Vasankari, U. M. Kujala, T. M. Vasankari, T. Vuor-
imaa and M. Ahotupa (1997) Effects of acute prolonged
exercise on serum and LDL oxidation and antioxidant
defences. Free Radical Biology and Medicine, 22, 509-513.
J. D. Belcher, J. Balla, G. Balla, D. R. Jacobs Jr, M. Gross,
H. S. Jacob and G. M. Vercellotti (1993) Vitamin E, LDL,
and endothelium. Brief oral vitamin supplementation
prevents oxidized LDL-mediated vascular injury in
vitro. Arteriosclerosis, Thrombosis, and Vascular Biology,
13, 1779-1789.

P. D. Reaven, D. A. Herold, J. Barnett and S. Edelman
(1995) Effects of Vitamin E on susceptibility of low-den-
sity lipoprotein and low-density lipoprotein subfrac-
tions to oxidation and on protein glycation in NIDDM.
Diabetes Care, 18, 807-816.

N.J. Miller, G. Paganga, S. Wiseman, W. Van Nielen, L.
Tijburg, P. Chowienczyk and C. A. Rice-Evans (1995}
Total antioxidative activity of low density lipoproteins
and the relationsship with a-tocopherol status. FEBS
Letters, 365, 164-166.

RIGHTS

i,



