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ASTRACT 
 

Background: Oxidative modification of low-density lipoprotein (LDL) appears to be an early step in the 
pathogenesis of atherosclerosis. Meanwhile, myeloperoxidase (MPO)-catalyzed reaction is one of the potent 
pathways for LDL oxidation in vivo. The aim of this study was to evaluate in vitro antioxidant effects of vitamins C 
and E on LDL oxidation mediated by MPO. Methods: MPO was isolated from fresh plasma by sequential 
centrifugation using density ultracentrifugation. It was incubated with LDL and the LDL oxidation level was 
determined spectrophotometrically by measuring conjugated diene absorbance at 234 nm. Furthermore, vitamin C 
(50-200 mM) and vitamin E (10-40 mM) were added and the LDL oxidation level was determined. Results: The 
purity index of MPO and its enzymatic activity were 0.69 and 1127 U/mg protein, respectively. It was 
demonstrated that vitamin C in vitro inhibited LDL oxidation mediated by MPO; however, vitamin E was unable to 
act in the same way. The protection by vitamin C was concentration dependent and maximum protective effect of 
vitamin C was observed at 150 mM, where about 64% of the LDL oxidation was inhibited. Vitamin C increased lag 
time of LDL oxidation mediated by MPO up to 2.4 times. Conclusion: It can be concluded from our results that 
vitamin C is able to improve LDL resistance to oxidative modification in vitro. In addition, vitamin C might be 
effective in LDL oxidation mediated by MPO in vivo, resulting in reduction of atherosclerosis process rate. Iran. 
Biomed. J. 17 (1): 22-28, 2013 
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INTRODUCTION 
 

yeloperoxidase (MPO), an oxidant-
generating enzyme, is an abundant protein in 
human neutrophils [1]. When neutrophils are 

activated, they secrete large quantities of MPO into the 
extra cellular compartment. MPO at physiological 
conditions is capable of catalyzing the oxidation of 
chloride and bromide ions by hydrogen peroxide 
(H2O2) generating hypochlorous acid (HOCL) and 
hypobromous acid, respectively [2]. At physiological 
conditions, HOCL, which is known to be a potent 
oxidant, is the predominant product of the enzyme [3]. 
HOCL produced by MPO reacts readily with a wide 
variety of biomolecules such as lipoproteins [4, 5]. It 
has been well known that low-density lipoprotein 
(LDL) can be oxidized by many kinds of oxidants by 
different mechanisms and pathways. Some oxidants are 
derived from exogenous sources such as foods and 
smoking; however, many oxidants are produced during 

metabolic activities such as MPO/H2O2/Cl- system 
activity. There is evidence that the MPO/H2O2/Cl-

system of activated phagocytes may be involved in 
atherosclerosis development [6]. In respect to 
atherogenesis, MPO binds easily to LDL and results in 
LDL oxidation. The oxidation of LDL by MPO leads 
to modifications of both lipid and protein moiety of 
LDL. Oxidation of tyrosyl residues on LDL converts to 
the 3-chlorotyrosine, a specific biomarker of HOCL 
[7]. However, Shao et al. [8] have shown that 3-
chlorotyrosine is a specific marker of MPO-catalyzed 
oxidation, and is markedly elevated in lipoprotein 
isolated from human atherosclerotic intimae. 
Meanwhile, polyunsaturated fatty acids of lipid 
molecules in LDL are also easily oxidized and 
conjugated dienes are formed. Formation of conjugated 
diene, which is a key step in lipid per-oxidation, can be 
monitored as a measure of LDL oxidation [9]. Recent 
clinical studies in human have supported the role of 
MPO in atherogenesis [6]. For example, Zhang et al. 
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[10] and also Kutter et al. [11] have shown that 
patients presenting MPO deficiency or a low level of 
blood MPO had a decreased cardiovascular risk. Two 
other studies have shown that the serum MPO levels 
predict risks in patients with acute coronary syndromes 
or chest pain [12, 13]. LDL oxidation mediated by 
MPO is one of the possible pathways for promotion of 
atherosclerosis, and its prevention may help patients at 
risk of damage. Some in vitro and in vivo 
investigations have shown that antioxidants reduce 
lipid per-oxidation, and inhibit atherogenic 
development [14-16]. Several studies have found 
antioxidants are effective in slowing LDL oxidation 
rate and subsequently decrease the rate of 
atherosclerosis [15-17]. However, the antioxidant 
effect on LDL oxidation mediated by MPO in vitro has 
not been investigated. Interestingly, the aim of this 
study was to evaluate the antioxidant effects of vitamin 
C, the most effective water-soluble antioxidant, and 
vitamin E (α-tocopherol), the most lipid-soluble 
antioxidant, on LDL oxidation mediated by MPO. 
 
 

MATERIALS AND METHODS 
 

Materials. Human blood was obtained from Isfahan 
Blood Transfusion Service. Tetramethyl-benzidine 
(TMB), H2O2, cetytrimethylammonium bromide (Hexa 
decil trimethylammonium bromide or CTAB), vitamin 
C, vitamin E (α-tocopherol), and Sephadex G-150 were 
obtained from Sigma Chemical Co. (USA). All other 
chemicals were reagent grade. 
 
Methods:  

Preparation of LDL from human blood. Human 
serum was separated from whole blood by 
centrifugation at 300 ×g for 15 min. Serum LDL was 
precipitated by the method described by Wieland and 
Seidel [18]. The pH of precipitation buffer containing 
64 mM trisodium citrate and 50,000 IU/L heparin was 
adjusted to pH 5.05 with 5N HCl. Before precipitation 
of LDL particles, 1 mg/ml of EDTA was added to 
serum samples. The precipitation reagents were 
allowed to equilibrate at room temperature. Then, 7 ml 
of the heparin citrate buffer (64 mM, pH 5.05 and 
50,000 IU/L heparin) was added to 1 ml of the serum 
sample and mixed with a vortex mixer and the 
suspension was standed at ambient temperature for 10 
min. The insoluble lipoproteins were centrifuged at 
1000 ×g for 10 min to be sedimented. The pellet was 
re-suspended in 1 ml of 0.1 M sodium phosphate 
buffer, pH 8.0, containing 0.9% NaCl. LDL was 
isolated by sequential ultracentrifugation from human 
serum as described by Schumaker and Puppione [19]. 
LDL concentration was measured by a modification of 
the Agner’s method [20] using bovine serum albumin 

as standard. The LDL stock solution (1.5 mg 
protein/ml) was diluted with 10 mM phosphate buffer 
(pH 7.4) at the protein concentration required for the 
assay. Prior to experiments, LDL sample was dialyzed 
overnight against EDTA-free phosphate buffer saline 
(0.01 M, pH 7.4). Study of LDL oxidation reaction and 
antioxidant effects of vitamins C and E on this process 
were carried out immediately after LDL isolation. 
 

Isolation of white blood cells. Buffy coat, the 
principle source of white cells, was isolated by 
centrifugation of citrated blood at 1000 ×g for 15 min. 
The layer between plasma and red cells (buffy coat) 
was isolated. A hypotonic solution of 155 mM NH4CL, 
10 mM KHCO3 and 0.1 mM EDTA was used to lyse 
the remaining red cells. After centrifugation at 800 ×g 
for 15 min, the white cells were collected. 
 

Myeloperoxidase isolation. MPO was isolated from 
white blood cells after lysing by adding 0.5% CTAB 
and cell debris was removed by centrifugation at 
15,000 ×g at 5°C for 15 min. All subsequent 
centrifugations were carried out under these conditions. 
The supernatant was treated with solid ammonium 
sulfate to yield a final concentration of 50% saturation. 
The solution was kept at 4°C for 30 min and 
centrifuged to remove the precipitate. The resulting 
supernatant was treated with solid (NH4)2SO4 to 
increase the concentration to 65% saturation, and was 
incubated at 4°C for 30 min prior to centrifugation. 
This procedure, a modification of a method described 
by Agner [20], resulted in a pellet containing the bulk 
of MPO activity. Precipitated MPO was re-dissolved in 
a buffer containing 50 mM Tris, (pH 7.0) and 0.5% 
CTAB (column buffer), and chromatographed on 
Sephadex G-150, super fine grade. To prepare this 
column, Sephadex G-150 was swollen in a column 
buffer at room temperature for 3 days. The column (2.5 
× 30 cm) was washed with several volumes of buffers 
before use and run at room temperature. MPO in buffer 
eluted from column was precipitated by the addition of 
solid (NH4)2SO4 to yield a final concentration of 50% 
saturation. After centrifugation at 8,000 ×g for 2 min, 
the resulted pellet was dissolved in a minimum volume 
of 5 mM  sodium acetate buffer (pH 5.4), and then 
dialyzed overnight against 100 volumes of the same 
buffer. 
 

Measurement of enzyme activity. MPO activity was 
measured according to the method of Suzuki et al. 
[21]. The reaction mixture consisted of 2 µg/ml MPO, 
1.6 mM TMB, 0.3 mM H2O2, 80 mM sodium 
phosphate buffer (pH 5.4), 8% N, N dimethyl-
formamide and 40% phosphate buffered saline in  
a  total  volume  of  500  µL.  In this assay,TMB was 
oxidized to a blue product that absorbs at 655  nm. The  
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Fig. 1. Effect of different concentrations of vitamin C on LDL 
oxidation induced by myeloperoxidase (MPO) system. Low-
density lipoprotein (LDL) was incubated in the absence and 
presence of 50-200 mM of vitamin C and changes in absorbance 
at 234 nm were read at intervals of 5 min for a period of 400 
min. values represents mean ± SD of three independent 
experiments. vit, vitamin 

 
 

enzyme activity was measured continuously by 
monitoring the absorbance changes at 655 nm during 3 
min. One unit of activity was determined as a change 
in absorption of 1.0 unit per min at 655 nm. 
 

LDL oxidation mediated by MPO. Oxidation of 
LDL was determined based on the method described 
by Jerich et al. [22]. Briefly, LDL (0.25 mg/ml) was 
incubated with 2 mg/ml MPO and 150 mM NaCl in 10 
mM phosphate buffer (pH 6) at room temperature. The 
oxidation reaction of LDL was started by addition of 
0.5 mM H2O2, resulting in the formation of conjugated 
diene hydroperoxides. The absorbance was read 
manually at intervals of 5 min for a period of 400 min, 
on a Perkin-Elmer 515 UV/VIS spectrophotometer. 
The absorbance measurement at 234 nm can be 
expressed as micromoles of conjugated dienes [23] 
using the molar extinction coefficient of 2.95 × 104M-

1cm-1 for the conjugated dienes, which is an index of 
LDL oxidation level [24]. The difference between the 
maximum absorbance measure and absorbance of 
blank was expressed as the level of LDL oxidation. To 
study inhibitory effects of vitamins C and E on LDL 
oxidation mediated by MPO, LDL (0.25 mg/ml) were 
incubated with 2 mg/ml MPO, 150 mM NaCl, and 0.5 
mM H2O2 in 10 mM phosphate buffer (pH 6) in the 
absence (control) and presence of different 
concentrations of vitamin C (50, 100, 150 and 200 
mM) and vitamin E (10, 20, 30, and 40 mM) followed 
by the absorbance determination at 234 nm as 
mentioned above. The lag time of LDL oxidation 

reaction was measured by determining the intersection 
point between the tangent to the slope of the curves and 
the horizontal axis [25]. 
 

Statistical analysis. All results were expressed as the 
mean ± SD and statistically interpreted by using one-
way analysis of variance (ANOVA), followed by 
Dunnett’s test. A value of P<0.05 was considered as 
statistically significant. 

 
 

RESULTS 
 

Enzyme purity. Using the method described earlier, 
the purity of isolated MPO was 0.69, which was 
calculated from absorbance ratio A430/A280 nm. In 
addition, enzymatic activity of the enzyme was 1127 
U/mg protein. 
 

The effect of vitamin C on human LDL oxidation. 
Exposure of LDL to MPO/H2O2/Cl- system in the 
presence of increasing concentrations of vitamin C (50, 
100, 150 and 200 mM) resulted in 64% inhibition of 
LDL susceptibility to oxidation when compared with 
the control sample (Fig. 1). Maximum inhibitory effect 
of vitamin C was observed at 150 mM concentration of 
vitamin C, and did not significantly increase with 
increasing concentration of vitamin C up to 200 mM 
(Fig. 2). The protection effect of vitamin C was dose-
dependent between 50 to 150 mM (Fig. 2). The lag 
time of LDL oxidation reaction and conjugated dienes 
produced during LDL oxidation were calculated from 
the curves of the Figure 1 and have been shown in 
Figures 2 and 3, respectively. This lag time was 
increased up to 2.4 times by vitamin C.  

 
 

            
 
 
 
Fig. 2. Effects of different concentrations of vitamin C on lag 

time of low-density lipoprotein (LDL) oxidation induced by 
myeloperoxidase system. Values were obtained from LDL 
oxidation curves. Values represent mean ± SD of three 
independent experiments.  
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Fig. 5. Effect of different concentrations of vitamin E on lag 
time of the low-density lipoprotein (LDL) oxidation mediated 
by myeloperoxidase. Values were obtained from the LDL 
oxidation curves of Figure 4. Values represent mean ± SD of 
three independent experiments.  

 
 

C.  The protection of LDL oxidation by   vitamin C at 
concentrations between 50 mM to 150 mM was 
concentration dependent, showing the maximum effect 
at 150 mM in which about 64% inhibition was 
occurred. There are a lot of reports regarding the 
antioxidant properties of various substances and their 
effect on LDL susceptibility to oxidation [28-30]. 
However, most of them have investigated the process 
in the presence of oxidizing cations such as Cu. Das et 
al. [31] investigated the in vitro oxidation of LDL 
isolated from normal and hypercholesterolemic 
subjects by Cu2+ ions in the presence of different 
concentrations of vitamin C. They have also reported a 
significant inhibition in the susceptibility of LDL to 
oxidation in the presence of 40 mmol/L of vitamin C in 
normal subjects. When using LDL isolated from 
hypercholesterolemic subjects, they had to use 80 
mmol/L vitamin C to be able to oxidize LDL. It has 
been suggested that mechanisms by which oxidized 
form of LDL can affect many components of the 
atherogenic process, including thrombosis, leads to 
tissue damages [26]. Therefore, it is believed that 
inhibition of LDL oxidation can lead to the prevention 
of atherosclerosis and its complications. In addition, 
two other important indices of LDL oxidation were 
also investigated in this study. First, the lag time of the 
LDL oxidation reaction. The lag time of the LDL 
oxidation mediated by MPO in the absence of vitamin 
C was 67 ± 3.2 min, and it was significantly lengthened 
up to 183 ± 4.1 min, showing an increase of 2.73 times. 
It means that susceptibility of the LDL oxidation 
mediated by MPO had decreased up to 64% in the 
presence of vitamin C. Second, conjugated dienes, the 
most abundant intermediate, produced during LDL 
oxidation. It was decreased from 28.5 ± 1.3 µmole in 
the absence of vitamin C to 8.3 ± 0.41 µmole in the 
presence of vitamin C (200 mM). Protection of LDL 

oxidation by vitamin C was concentration dependent 
showing the maximum effect of vitamin C at 150 mM. 
At dose of 400 mg vitamin C/day, plasma is 
completely saturated, and steady-state plasma vitamin 
C concentration will be approximately 80 mM [32]. 
For this reason, vitamin C concentration in our in vitro 
study was chosen in the normal plasma concentration 
range. As mentioned above, it seems that vitamin C at 
dose of around 400 mg/day might be maximally 
improved the lag time of the LDL oxidation reaction in 
vivo and it is useful for decreasing atherosclerosis 
process rate. LDL incubation with MPO system in the 
presence or absence of vitamin E (α-tocopherol) did 
not show any significant differences in LDL oxidation 
rate. In addition, there were no significant differences 
between the amounts of conjugated dienes produced 
during LDL oxidation mediated by MPO in the 
absence or presence of vitamin E. The similar results 
were obtained for lag time of LDL oxidation in the 
presence or absence of vitamin E. 

In numerous studies, antioxidant properties of 
vitamin E and some   other   substances   which have 
antioxidant activity, have been shown to reduce LDL 
oxidation in vivo [33-35]. There might be various 
mechanisms by which vitamin E is able to show its 
preventive role in atherosclerosis, although the 
mechanism of action still remains unclear. For 
example, Ricciarelli et al. [36] in their experience have 
found that vitamin E reduces the uptake of oxidized 
form of LDL by inhibiting CD36 scavenger receptor (a 
specific receptor for oxidized LDL) expression. 
Furthermore, Teupesr et al. [37] showed that vitamin E 
reduces cholesterol esterification process rate and 
uptake of esterified LDL. They also suggested that all 
effects of vitamin E are due to the down-regulation of 
CD36 scavenger receptor.  According to the data 
presented here, vitamin E is unable to reduce the 
reaction rate of LDL oxidation mediated by MPO.   
 

 

            
 
 

 

Fig. 6. Effect of different concentrations of vitamin E on the 
conjugated dienes produced during low-density lipoprotein 
(LDL) oxidation mediated by myeloperoxidase. Values were 
obtained from the LDL oxidation curves of Figure 4. Values 
represent mean ± SD of three independent experiments.  
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However, there might be some mechanisms to show 
vitamin E may be able to inhibit the oxidation reaction 
of LDL. However, in vitro LDL oxidation mediated by 
MPO have been less studied, and for better 
understanding of vitamin E effect on the  LDL 
oxidation mediated by MPO, more kinetic information 
about MPO is needed.  

In conclusion, we may suggest that vitamin C has 
measurable effects on LDL oxidation indices and 
might be beneficial in prevention damages resulted in 
atherosclerosis. 
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