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Abstract
A
Objective(s)
O
Oxidized
O
low
w-density lipooproteins (oxx-LDLs) appeear to play a significant role in atherrogenesis. In fact,
circulating
c
ox
x-LDL conceentrations hav
ve been recoggnized as a risk factor for cardiovascullar disease (C
CVD).
The
T main obbjectives of this
t
study were
w
to assesss the effects of antioxidaant vitamins on ox-LDL as a
biomarker
b
off CVD in malee subjects witth CVD risk ffactors.
Materials
M
an
nd Methods
The
T effect off antioxidant vitamins on ox-LDL as a biomarker of
o CVD in maale subjects with
w CVD in male
subjects withh CVD risk factors at baselline and after 12 weeks of supplementattion with vitaamin E (400 IU
U), C
(500 mg), ß-ccarotene (15 mg),
m and the combined suupplements (E
E, C, and ß-caarotene) respeectively definned as
group
g
E, C, B and control group was coonsidered as group
g
P.
Results
R
The
T mean values for ox-L
LDL at the baaseline were 86.93
8
± 26.30
0 U/l in groupp C, 94.52 ± 38.40
3
U/l in group
g
E,
E 79.73±2.07 U/l in grouup B, 85.97±2
23.07 U/l in ccombined grooup, and 84.990± 14.66 U/ll in group P. After
12 weeks of intervention
i
the
t percentagee of changes for group C, group E, grouup B, COM group,
g
and grooup P
were
w
(-18.322), (-2286), (-17.31),
(
(-199.01) and (-22.0), respectivvely. Using Wilcoxon method,
m
signifficant
differences
d
w detected in the mean ox-LDL
were
o
concentrations of baseline and after intervenntion, values iin the
C,
C E, B and combined
c
grouups (P< 005).
Conclusion
C
This
T
study illlustrated thatt diet supplem
mented with vvitamin C (50
00 mg), vitam
min E (400 IU
U), ß-carotenne (15
mg),
m and the combination of these vitam
mins was assoociated with lower
l
serum ox-LDL
o
levells.
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Oxidized-Low Density Lipoproteins

Introduction
Epidemiological studies have shown an
inverse
relationship
between
plasma
antioxidant vitamins levels (vitamin C and E
and ß-carotene) and mortality from coronary
heart disease (1). Many studies have reported
that the combination of vitamins E and C are
more potent in preventing atherosclerosis, and
the beneficial effects of vitamin E could be
enhanced through the vitamin E regeneration
by the assist of vitamin C (2). Oxidized lowdensity lipoproteins (ox-LDLs) play a
substantial role in atherogenesis. In fact,
circulating ox-LDL concentrations have been
recognized as a risk factor for cardiovascular
disease (CVD) (3). LDL is an imperative
target
of
oxidation,
and
oxidative
modification of LDL is a key step in the
pathogenesis of atherosclerosis. The primary
interest in ox-LDL was based on two critical
observations. Firstly, ox-LDL was cytotoxic
to endothelial and smooth muscle cells (4).
Secondly, uptake of native LDL by
macrophages occurred at sufficiently low rate
to prevent foam cell formation, but uptake of
ox-LDL was unregulated and led to
macrophage foam cell formation and
subsequent atherosclerosis (5). Elevated
ox-LDL is independently associated with
increased
atherosclerotic
burden
and
increased CHD risk (6). It is now clear that
ox-LDL, with its many oxidatively modified
lipids and degradation products, contributes to
the pathophysiology of both the initiation and
progression of atherosclerosis (7). Ox-LDL
concentrations are strongly correlated with
plasma LDL concentrations. The latter is thus
a key factor in determining absolute plasma
ox-LDL concentration (8). The importance of
ox-LDL in atherogenesis has been further
confirmed by the use of specific antibodies to
oxidize LDL shown to be local to
atherosclerotic lesions in the vessel wall (9).
It is previously established that oxidative
modifications of LDL may result in lipidinduced atherogenesis. All major cells of the
arterial wall exert oxidative modifications on
LDL particles (10). LDL, which is the major
carrier of cholesterol and lipids in the blood

(11), intrudes into the intima of lesion-prone
arterial sites, where it is oxidized over time by
oxidants, generated by local vascular cells
or enzymes, to a form with atherogenic
properties. There are indirect evidences
from “in vivo” oxidation studies that
have assessed the antioxidant supplementation in
animals whose outcomes have supported
significant reductions in lesion formation
and LDL oxidation through antioxidant
supplementation
(1).
Alpha-tocopherol
supplementation in normal volunteers decreased
LDL oxidation and its cytotoxic effect on
endothelial cells (12). The antioxidants ßcarotene, α-tocopherol, and vitamin C have
implicated benevolent effects on blocking or
slowing down the atherosclerotic process
through the inhibition of LDL oxidation (13).

Materials and Methods
This study was carried out at the Persian Gulf
Health Research Centre (PGHRC) of Bushehr
University of Medical Sciences. Written
informed consent was obtained from each
participant prior to the study entry and ethical
approve was obtained from deputy of research
of Bushehr University of Medical Sciences,
Iran.
The main objectives of this study were to
assess the effects of antioxidant vitamins on
biomarkers of CVD in male subjects with CVD
risk factors, at baseline and after 12 weeks of
supplementation with vitamin E, C, ß-carotene,
and the combined supplements. Secondary
measurements
included
anthropometry,
biochemical indices and dietary intake that were
carried out at baseline and after 12 weeks.
Subjects were recruited through advertisement
in local newspapers and announcement via
radio. Inclusion criteria were age ≥ 40 years,
intake of vitamin and mineral supplements
during the past 3 months and elevated risk of
cardiovascular disease, defined as the presence
of the following six known disorders:
hypertension, dyslipidemia, type 2 diabetes,
obesity, family history of premature CVD, and
smoking. Participants with any of the following
conditions were excluded from the study: CVD
(angina pectoris, myocardial infarction, stroke,
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peripheral arterial occlusive disease), heart
failure, cardiac arrhythmia, type I diabetes,
renal insufficiency, active liver disease or
cirrhosis and other severe diseases (e.g. cancer,
gastrointestinal disorders). People who were
unwilling to fulfill the study medications or
used out-of-study vitamin supplements were
excluded as well. Two hundred individuals who
met the inclusion criteria were recruited into the
study at baseline and were divided into 5 groups
of C, E, B, COM and P. Vitamin supplements
were prescribed daily for all the participants in
the treatment groups. The group E took vitamin
E (400 IU), group C took vitamin C (500 mg),
group B took ß-carotene (15 mg), and COM
group took vitamin E plus C and ß-carotene by
oral supplementation for 12 weeks. Subjects in
the control group were requested not to alter
their behavior with regards to supplements
intake. They were advised to continue with their
usual dietary habits and lifestyle. Blood samples
were collected after 12 hr of last meal. Fasting
venous blood samples were taken for
measurement of plasma concentration of oxLDL, and serum concentrations of vitamin E, C,
ß-carotene, FBS, TG, T-Chol, HDL, and LDL
cholesterol. Oxidized LDL level was measured
using a commercially oxidized LDL ELISA kit
(Mercodia Inc, Sweden). The Statistical
Package for the Social Sciences (SPSS
windows version 15) was applied for statistical
analysis. Normality of distribution was
evaluated by Kolmogorov-Smirnov test. Since
the normality of distribution for biomarkers
for CVD was violated, nonparametric statistics
like Wilcoxon was employed. For variables
that met normality of distribution, Analysis of
variance (ANOVA), Independent t test
and paired sample t test were utilized to identify
the mean differences between and within
groups. Statistical significance has been
assigned at level of P< 0.05.

Results
A total of 181 out of 200 men completed the
study. An overall of 19 people left the study
due to personal reasons out of which five
were from group C, three from E, six from B
and five from P. The mean intakes for
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calories in the vitamin C, E, beta carotene,
combined and control groups were 2517±124
kcal, 2570±209 kcal, 2484 ± 274 kcal, 2506 ±
212 kcal, and 2573±210 kcal, respectively.
The major sources of energy were CHO and
fat. No significant differences were found in
the mean calorie intake and nutrient content
of participants’ diet within groups.
Table 1 shows the baseline anthropometric
measurements of the participants. The mean
values of participants’ BMI were 27.86±4.26
kg/m2, 27.28±4.05 kg/m2, 26.90±4.66 kg/m2,
26.84±3.71 kg/m2, and 27.06±3.73 kg/m2 in
the groups C, E, B, COM and P respectively.
At baseline, there were no significant
differences (P> 0.05) in the mean values
anthropometric measurements within the
supplementation and control groups.
Table 2 and Table 3 show the mean
changes in fasting blood sugar and lipid
profile before and after the intervention
within groups. In vitamin C group the
observed mean changes were as it follows: in
FBS -2.51±2.25 mg/dl, TG 38±17.58 mg/dl,
TC 6.4±5.31 mg/dl, HDL-C -3.41±1.87 mg/dl
and LDL-C 4.60±4.89 mg/dl. However, there
were no significant differences (P> 0.05) in
the mean values of FBS and lipid profile
within groups. The mean changes in vitamin
E group were -7.91±11.51 mg/dl for FBS,
17.56±14.49 mg/dl for TG, -5.86±3.69 mg/dl
for TC, -.961±1.00 mg/dl for HDL-C and 2.06±4.26 mg/dl for LDL-C. The values for
group B were respectively 3.177±3.61 mg/dl,
7.91±10.66 mg/dl, -0.02± 3.19 mg/dl, -1.95±
1.25 mg/dl and 6.35± 3.95 mg/dl. Similarly
no significant differences were detected in the
mean values of FBS, lipid profile within
groups E and B. The mean changes at the
baseline in the combined (C+E+ ß-carotene)
group were as follows: FBS (3.27±3.85
mg/dl), TG (13.35±19.26 mg/dl), TC
(4.02±4.36 mg/dl), HDL-C (-0.26±1.35
mg/dl), LDL-C (-2.95±4.35 mg/dl). Placebo
(P) group showed the following changes: FBS
(-0.65±1.73 mg/dl), TG (6.60±11.17 mg/dl),
TC (3.91±2.42 mg/dl), HDL-C (-1.55±1.17
mg/dl), LDL-C (64.40±40.88 mg/dl).

Oxidized-Low Density Lipoproteins

Table 1. The anthropometric measurements at the baseline and after the intervention (mean± SD)
C group (n= 37) E group (n= 37) B group (n= 34) COM group (n= 40)

P group (n= 34)

Parameters
Height (cm)

172.64±5.78

174.45±6.38

176.85±7.9

175.82±8.8

173.90±7.8

Weight (kg)
before
after
P value

83.25±14.69
83.36±14.58
0.236

83.28±14.82
83.63±15.35
0.357

84.19±16.0
84.2±16.16
0.540

83.40±162
84.38±192
0.664

82.06±13.5
82.13±13.7
0.740

before

27.86±4.26

27.28±4.05

26.90±4.66

26.84±3.1

27.06±3.73

after

27.91±4.27

27.39±4.27

26.91±4.68

27.15±4.92

27.08±3.70

0.138

0.396

0.722

0.691

0.679

BMI (kg/m2)

P value

Note: SD, standard deviation; BMI, body mass index. *P< 0.05

There were also no significant differences
in the values of the FBS and lipid profile
within groups COM and P (P> 0.05).
The initial mean values of ox-LDL were
86.93 ± 26.30 U/l in group C, 94.52 ± 38.40 U/l
in group E, 79.73 ± 2.07 U/l in group B, 85.97 ±
23.07 U/l in combined group, and 84.90 ± 14.66
U/l in group P. After 12 weeks of intervention,
the mean changes in the ox-LDL level were 15.93± 5.33, -22.56± 5.89, -13.73± 2.9, -16.40±
3.49 and -1.70± 1.31 respectively within C, E, B,
COM and P groups. The highest amount of
changes belonged to the participants in vitamin
E group (-23.86%). Wilcoxon methods showed
significant differences in the before and after
intervention values of oxLDL concentrations in
groups C, E, B, and COM (P< 005). No
significant changes were observed in the mean
values of oxLDL concentrations in the control
group.

Discussion
The current study illustrated that vitamin C
(500 mg), vitamin E (400 IU), ß-carotene
(15 mg), and the combination of these
supplements are associated with reduced
serum oxidized LDL (ox-LDL) levels. In more
specific, there is a significant difference
between vitamins C, E, ß-carotene and the
combined groups before and after 12 weeks
supplementation.

Strong relationships between antioxidant
vitamins (C, E, and ß-carotene) and oxLDL have
been reported previously in the literatures.
Though the results of current study demonstrated
considerable reduction in percentage of the
changes of ox-LDL in the intervention groups
(17.31- 23.86). The findings of the current study
are consistent with those of Reaven et al (14),
Jialal et al (15), and Hodis et al (16).
In a study by Hodis et al (16), it was reported
that α-tocopherol supplementation (400 IU/day)
significantly raised plasma vitamin E levels
(P< 0.0001), reduced circulating ox-LDL
(P= 0.03) and reduced LDL oxidative
susceptibility (P< 0.01). Supplementation with
vitamin E (1,600 mg/day) for 3 months has
shown a decrease in LDL oxidation by 30-40%
(14). The minimum dose of 400 IU/d of
α-tocopherol supplementation is needed to
significantly reduce the LDL susceptibility to
oxidation (15).
Princen et al (17) found that the lag phase
of LDL oxidation was significantly increased
by as little as 25 mg/day α-tocopherol
supplementation. However, it took at
least 400 mg/day to show significant
reductions in the rate of oxidation.
α-Tocopherol supplementation in normal
volunteers decreased LDL oxidation and its
cytotoxic effect on endothelial cells (12).
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Table 2. Changes for fasting blood sugar and lipid profiles at the baseline and after the intervention in C and E groups (mean± SD and Meand±SEd)
Parameters
FBS (mg/dl)
TG (mg/dl)
TC (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
Vitamin C (µmol/l)

Before
Mean±SD
86.17±24.62
206.65±131.38
218.65±36.31
45.65±7.95
132.05±28.32
35.15±7.57

C group (n=35)
After
Mean d ±SE d
(within groups)
Mean±SD
88.28±27.92
-2.51±2.25
168.65±87.16
38±17.58
212.25±41.14
6.4±5.31
49.07±12.43
-3.41±1.87
127.45±29.88
4.60±4.89
48.43±9.95
-13.27±1.26

P value
0.261
0.381
0.237
.078
.354
.000*

Before
Mean±SD
94.29±39.73
241.24±159.66
208.75±41.31
40.18±11.39
124.08±45.59
35.83±11.62

E group (n=37)
After
Mean d ±SE d
Mean±SD
(within groups)
102.21±77.20
-7.91±11.51
223.67±129.59
17.56±14.49
214.62±45.49
-5.86±3.69
41.14±10.36
-.961±1.00
126.14±40.92
-2.06±4.26
34.57±9.75
1.26±1.30

P value
0.496
0.233
0.121
0.345
0.631
0.338

Note: SD = Standard deviation; FBS, fasting blood sugar; TC, total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density
lipoprotein; meand = mean of differences; SEd = standard error of differences

Table 3. Changes for fasting blood sugar and the lipid profiles at the baseline and after the intervention in ß-carotene and combined groups (mean±SD and mean d ±SE)d
Parameters

B group (n=34)

COM group (n=40)

Before
Mean±SD

After
Mean±SD

Mean d ±SE d
(within groups)

P
value

Before
Mean±SD

After
Mean±SD

FBS (mg/dl)
TG (mg/dl)

97.02±45.57
220.67±123.28

91.41±42.08
212.76±116.38

3.177±3.61
7.91±10.66

0.386
0.463

96.85±37.55
233.75±161.96

TC (mg/dl)

196.85±32.59

197.05±34.22

-0.02±3.19

0.949

HDL-C (mg/dl)
LDL-C (mg/dl)

41.32±9.73
110.23±29.05

43.28±9.68
103.88±34.99

-1.95±1.25
6.35±3.95

0.128
0.118

P group (n=35)
P
value

Before
Mean±SD

After
Mean±SD

94.72±28.53
220.40±93.42

Mean d ±SEd
(within
groups)
3.27±3.85
13.35±19.26

P
value

83.74±21.91
170.08±80.40

Meand ±SEd
(within
groups)
-0.65±1.73
6.60±11.17

0.401
0.492

83.08±20.543
176.68±91.26

209.30±31.92

205.27±44

4.02±4.36

0.363

199.11±36.48

190.91±26.62

3.91±2.42

0.115

42.02±11.78
118.50±31.36

42.29±10.43
121.50±28.95

-0.26±1.35
-2.95±4.35

0.847
0.502

40.41±8.57
160.45±24.60

41.96±9.19
114.05±23.70

-1.55±1.17
64.40±40.88

0.196
0.264

Note: SD= Standard deviation; FBS, fasting blood sugar; TC, total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density
lipoprotein; meand = mean of differences; SEd = Standard Error of Differences
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0.708
0.559
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Table 4. Changes in the oxLDL (U/l) in serum at the baseline and after the intervention (mean±SD and meand±SEd)
oxLDL (U/l)
C group
E group
B group
Before
86.93± 26.30
94.52 ± 38.40
79.73 ±2.07
After
70.99± 16.46
71.95 ± 17.897
65.99±16.72
-15.93± 5.33
-22.56± 5.89
-13.73± 2.9
Meand ±SEd (within groups)
Changing Percent
-18.32
-23.86
-17.31
P value
0.005*
0.000*
0.000*
* P value <0.05 is significantly different
Test non-parametric, Wilcoxon, was used to compare pre-post tests

In a study by Princen et al (17), authors
concluded that intake of vitamin E (1,000
IU/day) for 7 days was sufficient to increase
plasma alpha-tocopherol and LDL 3.0- and 2.4folds respectively. Additionally the oxidation
resistance of LDL was elevated up to 41%, and
the rate of oxidation was lowered by -19%
significantly.
A short study on vitamin C supplementation
showed that the exposure of healthy smokers for
4 weeks with 1000 mg ascorbate per day could
result in an increase in plasma ascorbate level
and a significant reduction in LDL oxidative
susceptibility (18).
Supplementation with 400 mg/day vitamin
E in normal volunteers has been also effective
to lower LDL oxidation resulting in a reduction
in its cytotoxic effect on endothelial
cells correspondingly (12). In 1996, Omenn
et al (13) demonstrated that antioxidants betacarotene, α-tocopherol, and vitamin C are
involved with prevention or delay in the
atherosclerotic process by inhibiting LDL

COM group
85.97±23.07
69.57± 14.99
-16.40± 3.49
-19.07
*0.000

P group
84.90± 14.661
83.20± 15.68
-1.70± 1.31
-2.0
0.213

oxidation.

Conclusion
The findings of this study demonstrated that
supplementation of antioxidant vitamins
decreased harmful biomarkers for cardiovascular
diseases such as oxLDL. To reduce the risk of
CVD occurrence, the individuals at risk should
be encouraged for a daily consumption of
antioxidant vitamins supplementation.

Acknowledgment
Our special appreciation goes to Planning
Deputy of Bushehr Governor and SOVEH
Company. We would also like to say a note of
thanks to all the participants for their
cooperation and all individuals who have
helped us in one way or another, to make this
study a success. Finally we would like to
acknowledge the Persian Gulf Health Centre,
Bushehr University of Medical Sciences for all
the supports they made (Bushehr, Iran).

References
1. Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in randomized trials of antioxidant
supplements for primary and secondary prevention: systematic review and metaanalysis. JAMA 2007; 297:842–
857.
2. Abudu N, Miller JJ, Attaelmannan M, Levinson SS.Vitamins in human arteriosclerosis with emphasis on vitamin
C and vitamin E. Clinica Chemica Acta 2004; 339:11–25.
3. Lapointe A, Couillard C, Lemieux S. Effects of dietary factors on oxidation of low-density lipoprotein particles.
J Nutr Biochem 2006; 17:645-658.
4. Witztum JL,Steinberg D. The oxidative modification hypothesis of atherosclerosis: does it hold for humans?
Trends Cardiovasc Med 2001; 11:93–102.
5. Asmis R, Begley JG. Oxidized LDL promotes peroxide-mediated mitochondrial dysfunction and cell death in
human macrophages. Circ Res 2003; 92:20-27.
6. Koenig W, Khuseyinova N. Biomarkers of atherosclerotic plaque instability and rupture. Arterioscler Thromb
Vasc Biol 2007; 27:15.

Iran J Basic Med Sci, Vol. 15, No. 4, July-Aug 2012 963

Saeid Najafpour Boushehri et al

7. Holvoet P, Kritchevsky SB, Tracy RB, Mertens A. The metabolic syndrome, circulating oxidized LDL, and
risk of myocardial infarction in well-functioning elderly people in the health, aging, and body composition
cohort. Diabetes 2004; 53-59.
8. Weinbrenner T, Cladellas M, Isabel Covas M. High oxidative stress in patients with stable coronary heart
disease. Atherosclerosis 2003; 168:99–106.
9. Pryor WA, Stahl W, Rock CL. Beta-carotene: from biochemistry to clinical trials. Nutr Rev 2000; 58:39-53.
10. Keaney JF. Oxidative stress and the vascular wall: NADPH oxidases take center stage. Circulation 2005;
112:2585–2858.
11. Frei B, Forte TM, Ames BN, Cross CE. Gas phase oxidants of cigarette smoke induce lipid peroxidation
changes in lipoprotein properties in human blood plasma. Protective effects of ascorbic acid. Biochem J 1991;
277:133–138.
12. Azzi A, Gysin R, Kempna P, Ricciarelli R, Villacorta L, Visarius T, et al. The role of alpha-tocopherol in
preventing disease: from epidemiology to molecular events. Mol Aspects Med 2003; 24:325–336.
13. Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A. Risk factors for lung cancer and for
intervention effects in CARET, the beta-carotene and retinol efficacy trial. J Natl Cancer Inst 1996; 88:1550–
1559.
14. Reaven PD, Khouw A, Beltz WF, Parthasarathy S, Witztum JL. Effect of dietary antioxidant combinations
in humans: protection of LDL by vitamin E, but not by beta-carotene. Arterioscler Thromb 1993; 13:590-600.
15. Jialal I, Fuller CJ, Huet BA. The effect of alpha-tocopherol supplementation on LDL oxidation: A doseresponse study. Arterioscler Thromb 1995; 15:190-196.
16. Hodis HN, Mack WJ, LaBree L, Mahrer PR, Sevabian A, Liu C, et al. Alpha-tocopherol supplementation in
healthy individuals reduces low-density oxidation but not atherosclerosis. Circulation 2002; 106:1453–1459.
17. Princen HMG, Poppel GV, Vogelezang C, Buytenhek R, Kok F. Supplementation with Vitamin E but not
beta-carotene in vivo protects low density lipoprotein from lipid peroxidation in vitro: effect of cigarette
smoking. Arteriosc Thromb 1992; 12:554-562.
18. Fuller CJ, Grundy SM, Nurkos EP, Jialal I. Effect of ascorbate supplementation on low density lipoprotein
oxidation in smokers. Arthrosclerosis 1996; 119:139-150.

964 Iran J Basic Med Sci, Vol. 15, No. 4, July-Aug 2012

