
1. Introduction

Oxidation of low-density lipoprotein (LDL) occurs
primarily in the intima, in microdomains sequestered
from the many plasma antioxidants. LDL enters
arterial walls, where it is oxidized by free radicals

released by a variety of cells. Oxidized LDL (oxLDL)
binds to scavenger receptors on macrophages. The
oxLDL is then internalized by the macrophages.
Internalized LDL molecules release their cholesterol
into macrophages, converting them into foam cells,
which are major components of atherosclerotic
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Summary As an index of oxidation of low-density lipoprotein (LDL) by free radicals, plasma

concentrations of oxidized LDL (oxLDL) were determined in relation to glycemic markers, serum

lipids and lipoproteins, and oxidative markers.  In 89 subjects (41 diabetic patients and 48 healthy

subjects), plasma concentrations of oxLDL were positively correlated with blood levels of fasting blood

glucose (FBG), hemoglobin A1c (HbA1c), triglycerides (TG), and age, negatively correlated with total

bilirubin concentrations, and slightly correlated with ascorbic acid concentrations.  In hyperglycemic

subjects (FBG≥126 mg/dL), the blood levels of HbA1c, TG and oxLDL were significantly higher than

in normoglycemic subjects (FBG<126 mg/dL).  Total bilirubin and ascorbic acid concentrations

decreased in hyperglycemic subjects as compared with normoglycemic subjects.  No significant differ-

ence was observed in total peroxyl radical-trapping potential (TRAP) between hyperglycemic

subjects and normoglycemic subjects.  In conclusion, plasma concentrations of oxLDL were

positively correlated with glycemic levels, but independent of TRAP.
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lesions1). Oxidation of LDL is reported to be increased
in diabetes, in part because of generation of oxygen
free radicals during protein glycation (i.e., glycated
albumin and glycated hemoglobin) and glucose auto-
oxidation2). Therefore, it is conceivable that hyper-
glycemia of diabetes might result in LDL oxidation.
Previously, we have believed that significant degrees
of oxidation of LDL do not take place in plasma
because of its high antioxidant contents. However,
recent studies showed that even very slight degrees of
oxLDL can be detectable in the circulating plasma of
healthy subjects despite the presence of antioxidants3).
Therefore, the present study was conducted to
determine the relationship between the susceptibility
of LDL (i.e., oxLDL concentration in plasma) and
antioxidant defenses (i.e., total peroxyl radical-trapping
potential: TRAP) in diabetic and healthy subjects in
relation to glycemic levels.

2. Subjects and methods

1. Subjects
Fasting venous blood was collected from 48 self-

reported healthy subjects (30 males ages 28 to 59 y
and 18 females ages 28 to 63 y) and 41 diabetic
patients (25 males ages 34 to 84 y and 16 females ages
44 to 84 y). Informed consent was obtained from all
subjects, and our study was in compliance with the
rules for human experimentation at our institution.

2. Methods
Concentrations of total cholesterol, high-density

lipoprotein cholesterol (HDL-C), low-density lipopro-
tein cholesterol (LDL-C), triglycerides (TG), uric
acid and total bilirubin in serum were measured by
means of enzymatic method on a Hitachi 7600-020S
automated analyzer (Hitachi, Tokyo, Japan). Fasting
blood glucose (FBG) and hemoglobin A1c (HbA1c)
levels were measured by automatic glucose analyzer
(Adams Glucose GA-1160, Arkley Co., Kyoto, Japan)
and automatic glycohemoglobin analyzer (Adams
A1c HA-8160, Arkley Co.), respectively.
Concentrations of retinol, α-tocopherol and β-
carotene were measured by our developed HPLC
methods4, 5). Ascorbic acid concentrations in serum

were measured by our automated method6). Total
sulfhydryl (T-SH) concentrations in serum were
measured by the thiocholine method7, 8, 9). Total peroxyl
radical-trapping potential (TRAP) was calculated
stoichimetrically using the experimentally determined
efficiency (n value) of each mol of antioxidant to
trap a peroxyl radical, e.g. n = 2.0 for α-tocopherol10),
n = 1.7 for ascorbic acid11), n = 1.3 for uric acid12), n =
0.2 for T-SH13), n = 0.21 for retinol14), n = 2.0 for total
bilirubin15), and n = 2.0 for β-carotene16). Thus, from
the measured concentration of the serum antioxidants:
TRAP (μmol/L) = 2.0[α-tocopherol] + 1.7[ascorbic
acid] + 1.3[uric acid] + 0.2[T-SH] + 0.21[retinol] +
2.0[total bilirubin] + 2.0[β-carotene]. Plasma concen-
trations of oxLDL were measured by a sandwich-
type enzyme immunoassay using a murine monoclonal
antibody specific for oxidized phosphatidylcholine,
and a horseradish peroxidase-labeled goat anti-human
antilipoprotein-B IgG (Oxidized Low-density
Lipoprotein ELISA, Kyowa Medex Co., Ltd., Tokyo,
Japan)17). We standardized the ELISA method with
copper-oxidized human LDL, and expressed the
concentration of oxLDL in terms of the equivalent
protein concentration in the copper-oxidized human
LDL (4.8±0.2 nmol TBARS/mg protein). For
example, 1.0 U/mL oxLDL is equivalent to 250 ng/mL
protein in copper-oxidized human LDL. The murine
monoclonal antibody did not react with native LDL,
malondialdehyde-modified LDL, acetylated LDL,
and glycated LDL.

3. Statistics
Statistical analysis was carried out using the

Mann-Whitney U-test. Statistical significance was
defined as P <0.05.

3. Results

1. oxLDL and other markers
In the overall 89 subjects (41 subjects with

diabetes and 48 healthy subjects), plasma concentra-
tions of oxLDL were positively correlated with FBG
concentrations (r= 0.383, P <0.001: Table 1, column 2
and Fig. 1), HbA1c values (r= 0.362, P <0.001) and
TG concentrations (r= 0.241, P <0.05), but negatively
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correlated with total bilirubin concentrations (r= -0.311,
P <0.01) and slightly correlated with HDL-C and
ascorbic acid concentrations. Plasma concentrations of
oxLDL were independent of the levels of TRAP (Fig.
1: ●, diabetic males; ○, diabetic females; ▲, healthy
males; △, healthy females).

Because there were significant positive correla-
tions between age and oxLDL (r= 0.254, P <0.05),
FBG (r= 0.432, P <0.001), or HbA1c (r= 0.439, P
<0.001), observed concentrations of oxLDL and FBG
and the observed values of HbA1c were adjusted for
age, and correlation coefficients were recalculated
among them. We obtained the same results, i.e.,

plasma concentrations oxLDL were significantly
correlated to FBG (partial correlation coefficient =
0.313, P <0.001) and HbA1c (partial correlation coeffi-
cient= 0.268, P <0.05).

2. Influence of glycemic levels
We classified the 89 subjects into two groups

according to the FBG levels: one with FBG less than
126 mg/dL (7 diabetic males, 30 healthy males, 6
diabetic females and 18 healthy females) and the
other with FBG higher than 126 mg/dL (18 diabetic
males and 10 diabetic females). Table 1 shows that
mean (±SD) values of HbA1c, TG and oxLDL were
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Fig 1 Correlation of oxLDL with FBG (left) and TRAP (right) in the 89 subjects.
●, diabetic males; ○, diabetic females; ▲, healthy males; △, healthy females.

Table 1 Correlation coefficients between oxLDL and glycemic markers, lipids and lipoproteins, and oxidative markers.



significantly higher in hyperglycemic subjects
(≥126 mg/dL) than those in normoglycemic subjects
(<126 mg/dL) (Mann-Whitney U-test: Table 1,
columns 3 and 4). However, the mean values of total
bilirubin and ascorbic acid concentrations decreased in
hyperglycemic subjects. No significant difference
was observed in TRAP between hyperglycemic
subjects and normoglycemic subjects.

4. Discussion

This study was conducted based on the assumption
that plasma levels of oxLDL can be a better index of
susceptibility of endothelial cells from free oxygen
radicals. In healthy subjects, the antioxidant system
defends tissues against free radical attack. Willems et
al.18) showed that autoantibodies to oxLDL present
in serum increased with age, but did not correlate
with TRAP in well-controlled young type 1 diabetic
patients. In accordance with this report we found a
significant positive correlation between plasma
concentrations of oxLDL and age. However, in
contrast to this report that glycemic control and HbA1c
levels were not related to autoantibody concentra-
tions and TRAP, respectively, we observed that
plasma concentrations of oxLDL were positively
correlated with FBG and HbA1c. Genser et al.19)

reported that plasma antioxidant (β-carotene) and
TRAP were decreased in patients with Crohn's disease,
an inflammatory bowel disease. Even though plasma
concentrations of oxLDL were decreased in our
subjects (diabetes and healthy subjects), β-carotene,
retinol, α-tocopherol, α-tocopherol/TC ratio, uric
acid, T-SH, and TRAP remained unchanged. Although
antioxidant defenses related to oxidative stress may be
the same among diseases, we must take into account
the sort of disease in further research.

To our knowledge, this is the first study to
describe serum concentrations of total bilirubin and
ascorbic acid in hyperglycemic subjects in relation to
oxLDL levels. In our study, plasma concentrations of
oxLDL were negatively correlated with total bilirubin
concentrations and slightly correlated with ascorbic
acid concentrations in serum. In these hyperglycemic
subjects, blood levels of oxLDL, total bilirubin, and

ascorbic acid decreased as compared with normo-
glycemic subjects. Endler et al.20) reported low serum
bilirubin in patients with coronary artery disease
(CAD). As suicide antioxidants, bilirubin and ascorbic
acid trap newly-formed free radicals to prevent cell
damage and further free radical formation. In the
above study, Endler et al. hypothesized that bilirubin
would scavenge oxidative damage in CAD.
Eventually, serum concentrations of bilirubin
decreased. In addition, fragmentation of apolipoprotein
B-100 in LDL by radical reaction was reported by
Hashimoto et al.21). They showed that the degree of
fragmentation (as a parameter of atherosclerosis) was
negatively correlated with serum ascorbic acid concen-
trations. α-Tocopherol could not protect fragmenta-
tion. Contrary to this report, Hoydonck et al.22) found
that supplementation of ascorbic acid to healthy male
smokers did not change plasma malondialdehyde and
circulating oxLDL concentrations as compared with
placebo. No significant differences were observed in
the levels of lipids and lipoproteins, oxidative markers,
and endothelial markers between smoker and placebo
groups. Although ascorbic acid was reported to
contribute as a synergist with α-tocopherol, probably
by reducing the α-tocopherol radicals to regenerate
α-tocopherol at the water-lipid interface of LDL23), it
is difficult to compare with the antioxidant defense of
ascorbic acid published in the above studies. However,
we can conclude that plasma concentrations of oxLDL
are positively correlated with glycemic levels, but
independent of TRAP.
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