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Abstract: Atherosclerosis is the most
common manifestation of cardiovascular
disease. However the exact mechanisms that
take place in its pathogenesis have not yet
been completely understood. Free radicals
and lipid peroxidation may play an important
role in the pathogenesis of atherosclerosis
and endothelial dysfunction also may be an
aggravating factor in this process.
Unfortunately all of the previous studies have
focused on the atherosclerotic tissue. Our aim
was to establish a relationship between the
antioxidant enzymes and plasma nitrate as an
index of whole-body, endogenous nitric oxide
production in coronary heart disease and also
the relationship between these parameters
and the severity of coronary disease.
Thirty-three male patients referred to the
Department of Cardiology for coronary
angiography were considered for this study.
Fifteen healthy men matched with patients
for approximate age were selected as a
control group. Plasma nitrite, nitrate levels,
erythrocyte superoxide dismutase (SOD) and
catalase activity were determined and serum
lipid analysis was performed. Mean SOD and
catalase activity in the patient group were
significantly lower than in the controls
(P<0.05, P<0.01, respectively). No
significant difference was observed in nitrite
or total nitrate levels. However nitrate values

in patients were lower than in the controls
(P<0.05). Although patients who were 55 or
younger (n=14), had lower SOD and catalase
activity than the control group (P<0.01,
P<0.01), there was no significant difference
between the nitrite, nitrate and total nitrate
levels of these cases and the controls. In older
patients (n=19), there was no significant
difference in SOD, catalase, nitrite or total
nitrate values when compared with the
controls. In conclusion, hypercholesterolemia,
increased oxygen free radicals, decreased
antioxidant enzymes, increased ox—LDL and
endothelial dysfunction caused by NO
depletion are all intriguing mechanisms which
act coherently in the progress of
atherosclerosis. We proposed that the factors
in the mechanism of atherosclerosis in
younger patients is different from that in
older ones. The insufficient antioxidant
enzyme activity is a triggering factor to
atherosclerosis. However it is not yet known
if this decrease in antioxidant enzymes is a
genetically determined primary factor or a
secondary factor due to increased production
of free radicals.
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Introduction

Atherosclerosis is the most common manifestation of
cardiovascular disease. However the exact mechanisms
that take place in its pathogenesis have not yet been
completely understood. To date, a number of
cardiovascular risk factors which include ageing,
hypertension, hyperlipidemia, diabetes, ischemia and
reperfusion have been identified (1) and these coronary
risk factors have been shown to be associated with
endothelial dysfunction in both experimental and clinical

studies (2-4). It has been suggested that endothelial
dysfunction also may be an aggravating factor in the
atherosclerotic processes (4).

There are some controvesial results related with the
production of nitric oxide (NO) in atherosclerosis. Some
authors have reported low levels of NO in atherosclerotic
arteries (5) while others have reported normal or high
levels of NO but they proposed that the fraction was not
active (6). Guerra et al. showed that atherosclerotic
arteries release relatively lower amounts of active NO (5).
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Abrams et al. suggested that endothelial dysfunction in
humans is often caused by accelerated destruction of
nitric oxide (NO), probably due to the presence of excess
oxygen—free radical activity (7). Being a free radical
species itself, NO is rapidly inactivated by superoxides (8,
9) which are in excess in atherosclerosis.

Darley-Usmar & Radomski proposed that there may
be two processes regarding the effect of nitric oxide on
endothelial cells (10): in normal physiological conditions,
NO generation in more than SO anion and NO plays a
scaevenging role in the prevention of free radical injury
acting as an antioxidant. On the other hand, when free
radical species overcome NO levels due to either an
increase in SO anion production or a deficiency in NO
production; a triggering mechanism is established which
may play a role in the pathogenesis of atherosclerosis.

In fact, there is a lot of published work indicating that
free radicals and lipid peroxidation may also play an
important role in the pathogenesis of atherosclerosis
(11). Lipid peroxidation is normally limited by a variety of
antioxidant mechanisms including some enzymes such as
superoxide dismutase and catalase and some vitamins
such as alpha—tocopherol, ascorbic acid, retinol, etc. The
relationship between the antioxidant enzymes and NO in
the pathogenesis of atherosclerosis is still obscure.

In addition to these findings, it has also been shown
that there is an impaired coronary blood flow in response
to acetylcholine (ACh) in atherosclerosis (12, 13). Shiode
et al. showed that the production of NO induced by ACh
in coronary conductance and resistance vessels impaired
in hypercholesterolemic patients and the impairment of
conductance arteries was dependent on a decrease in NO
production. However the authors did not determine the
nitrite and/or nitrate levels (14) in these cases.

Unfortunately all of the aforementioned studies have
focused on the atherosclerotic tissue. In this study, we
investigated to focus on plasma NO levels in patients with
atherosclerotic coronary heart disease and our aim was to
establish any relationship between the antioxidant
enzymes and plasma nitrate as an index of whole-body,
endogenous nitric oxide production in coronary heart
disease and also the relationship between these
parameters and the severity of coronary atherosclerosis.

Patients and Methods
Patients:

Thirty—three male patients referred to the Ege
University, Faculty of Medicine, Department of Cardiology
for coronary angiography were considered for this study.

118

All patients signed appropriate informed consent
approved by the University Review Board. Patients with
greater than 50% of a major vessel stenosed were
diagnosed as having coronary artery disease and included
in this study. Patients with previous myocardial infarction
or valvular heart disease were excluded. Patients with
unstable, severe or secondary hypertension,
atrioventricular block exceeding first degree and not
permanently paced, severe heart failure, hepatic failure,
renal insufficiency or any severe or progressive disease
were also excluded. All patients were in sinus, rhythm and
were not being treated with any antihypertensive drug
including diuretics. All of cases had typical angina
(retrosternal chest pain on exercise, decreasing of the
pain in ten minutes of rest, disappearance of the pain by
sublingual nitrite in five minutes) and a significant
ST-segment depression in the precordial leads on their
ECG during exercise or at rest. There was no important
concomitant disease.

Fifteen healthy men matched with patients for
approximate age were selected as a control group. The
control subjects had no history of cardiac or coronary
disease and hypertension, without any intercurrent
diseases or any other risk factors, and the ECG and
physical examination were normal.

Coronary angiography was performed according to
the Judkins technique. The severity of disease was
evaluated according to an angiogram score, the method
used by Gosta et al. (15). In this method the degree of
occlusion of three major vessels and their major branches
were added together and the result was noted as the
patient’s coronary score.

Blood parameters:

All patients stopped using drugs and the diet was
restricted to foods including nitrite 5 days before the
analysis. The fasting blood samples were put into tubes
containing heparin. Nitrite and nitrate that were the end
products of NO in plasma, SOD and catalase in
erythrocyte and the lipid profile (Total Cholesterol, LDL,
Triglyceride, HDL, VLDL) in serum were detected.

Nitrite-nitrate assay: Plasma nitrite levels were
determined with a colorimetric method based on the
Griess reaction (16). Nitrate levels were measured by
using the enzymatic reduction of nitrate to nitrite with
nitrate reductase from Aspergillus species (Boehringer
Mannheim) (17) /Serum triglyceride, total cholesterol and
HDL—cholesterol levels were determined with an Hitachi
705 autoanalyser and LDL-cholesterol levels were
calculated using the Friedwald formula.



SOD activity: After separation of plasma, the packed
erythrocytes were washed twice with 9 g/l NaCl solution
and haemolysed with ice—cold water. SOD and catalase
activity was determined immediately in haemolysates. The
haemoglobin values of these haemolysates were
determined with Drabkin’s method. SOD activity was
measured according to the method described by Misra &
Fridovich based on the inhibition of autoxidation of
epinephrine by SOD at 480 nm in a LKB Ultraspec-2
spectrophotometer. The activity of enzyme that causes
50% inhibition of epinephrine autoxidation was defined
as 1 unit (18, 19).

Catalase activity: Catalase levels were determined as
described by Aebi. The catalase mediated decomposition
of H,0, followed directly at 240 nm. One unit of catalase
activity was defined as the level of enzyme required to
decompose 1 pmol of H,0, in 1 minute (20, 21).

Statistical analysis:

The results reported in this study represent the
mean+SEM. Differences between the groups were
evaluated using unpaired Student's t test and
Kruskall-Wallis nonparametric test. A p value <0.05 was
considered to be statistically significant.

Results

As it's seen from the Table 1, there was an increase in
cholesterol levels (P<0.01) as well as trygliceride
(P<0.01) and LDL cholesterol levels (P<0.01) and a
decrease in HDL cholesterol levels (P<0.01) in the patient
group compared with the controls. Mean SOD and
catalase activity the patient group were significantly lower
than controls (P<0.05, P<0.01, respectively). No
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significant difference were observed in nitrite and total
nitrate levels. However nitrate values in patients were
lower than in the controls (P<0.05).

Among the patient groups, when the cases with an
angiogram score of 200 or higher (n=14) were compared
with the controls, there was no difference in SOD values
(Table 2). Catalase activity of patients with higher
angiogram score were lower than the controls (P<0.05).
We also couldn’t find any difference in nitrite levels. On
the other hand, serum nitrate and total nitrite levels of
the patient group were significantly lower than the
controls (P<0.05, P<0.05). Among the patient group
when the cases with an angiogram score less than 200
(n=19) were evaluated, SOD and catalase activities were
found to be lower than the controls (P<0.05, P<0.01)
and there were no differences in nitrite, nitrate and total
nitrate values between the patients and the controls.

We divided our patients into two subgroups according
to their ages and the data is presented in Figure 1.
Although patients who were 55 or younger (n=14), had
lower SOD and catalase activity than the control group
(P<0.01, P<0.01), there was no significant difference
between the nitrite, nitrate and total nitrate levels of
these cases and the controls. When older patients (n=19)
were evaluated, there was no significant difference in
SOD, catalase, nitrite and total nitrate values when
compared with the controls. The only striking findings in
this group was the depletion in nitrate values (P<0.05).

There was no difference in nitrite-nitrate levels and
antioxidant enzyme activity between the patients at high
risk (serum cholesterol levels<200 mg/dl) and low risk
(serum cholesterol levels<200 mg/dl) according to
cholesterol levels.

Control group n=15

Table 1. The baseline characteristics of

CHD group n=33 control and coronary heart

disease groups. Data are given

55.54+1.64 as mean+SEM. *p<0.01,

80.45:1.67 P00,

132.27+2.26
199.21+21.97*
230.91+6.83*
145.36+6.37*
40.51+2.63*

Age 55.28+3.31
TAD (mmHg) 75.00+1.64
TAS (mmHg) 122.50+2.28
Triglyceride (mg/dl) 138.93+7.47
Total cholesterol (mg/dl) 177.75+£7.20
LDL—cholesterol (mg/dl) 94.50+4.89
HDL—cholesterol (mg/dl) 52.31+2.01
SOD (U/g Hb) 2659.69+172.59
Catalase (U/g Hb) 12769.31+63494
Nitrite (umol/l) 7.53+0.83
Nitrate (umol/l) 24.46+1.99
Total (nitrite+nitrate) (umol/l) 31.73+1.89

2089.09+206.55**
10511.97+378.44*
6.37+0.64
19.52+1.55**
27.93+1.69
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Table 2. Results of patients according
C5<200 Control 52200 to coronary angiogram score.
n=19 n=15 n=14 Data are given as mean =+
SEM. * p<0.01, ** P<0.05
Age 56.2+2.5 55.2+3.3 54.6+2.1 (comparisons  were ~made
versus control). Total NO
SOD (U/g Hb) 1939.7+267.8** 2659.6+172.6 2307.3£327.7 means total nitrite, nitrate
Catalase (U/g Hb) 10429.0+456.1* 12769.3+634.9 10610.5+647.8* values; NAS, number of
Nitrite (umol/l) 6.3+1.1 7.53+0.83 6.5+0.6 stenosed artery: CAS, coronary
Nitrate (mol/l) 20.7+2.5 24.46+1.99 18.4+1.9%* anglograrm Score.
Total NO (pumol/l) 28.3+x2.9 31.73+1.89 26.4+1.6%*
NSA 1.4+0.1 - 26.+0.1
CAS 122.3x11.1 - 316.2+27.2
U/g hb
14000 T - 250
12000 + u
T 200
B
10000 +
8000 - T 150 = sm
[ ] Catalase
—l— Angiogram score
6000 + )
+ 100 | —@— Nitrate
4000 +
+ 50
2000
S T ///0\\\7
0 f f f 0
Control (young) CHD (young) Control (old) CHD (old)
Figure 1. The relationship between antioxidant enzyme activities and angiogram score and nitrate. (CHD: Coronary heart disease).
Discussion favor the development of arterial vasospasm, not only by

In this study we showed that patients with coronary
heart disease have lower antioxidant enzyme activity than
the controls. It is well known that reactive oxygen
metabolites such as hydrogen peroxide and superoxide
anion increase in otherosclerosis and hydrogen peroxide
inactivates SOD (22) and superoxide anion radical
inactivates catalase (23) and GSH-Px (24). In this study,
a decrease in nitrate leves and no significant variation in
nitrite levels were seen in the coronary heart disease
group. Superoxide radicals from endothelial cells may
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inactivation of NO (25) and inhibition of prostacyclin
synthesis but also by a direct vasoconstrictor action on
the vascular smooth muscle. There is another important
effect of superoxide radicals on NO (26) The
ONOO-formed as a product of the reaction between
superoxide radicals and NO, can participate in the
pathogenesis of the atherosclerotic lesion. Peroxynitrite
may act as a relatively weak stimulus to guanylate cyclase
activity in vascular smooth muscle cells and can initiate
lipoprotein oxidation (26). Van der Vliet et al. investigated
(27) the effect of peroxynitrite on plasma antioxidant



systems such as tocopherol, uric acid and ascorbate but
not on antioxidant enzymes. They observed that these
antioxidant defences were depleted after the addition of
peroxynitrite to plasma. Recent investigations have been
focused on the NO levels in atherosclerotic tissue. No
experiments on nitrite-nitrate levels in plasma have been
reported. Only Winlaw et al. (28) reported that there are
no significant variations in nitrate levels in serum of
patients with ischaemic heart disease: data based on a
study of only 5 patients; although they found an increase
in nitrite levels in patients with heart failure. Some
explanations have been proposed for the depletion of NO
in patients with risk factors for coronary heart disease. It
may be due to a lower rate of synthesis of NO which may
in turn result from substrate deficiency (29, 30) or a
defect in the signal transduction pathways (31) or in the
enzyme itself. Alternatively, Quyyumi et al. proposed that
the depressed bioavailability of NO may be secondary to
increased breakdown of normally produced NO by
superoxide anions (6, 11). In addition, Ito et al.
demonstrated that chronic oral treatment with L-NAME
causes functional and structural changes in the coronary
microvasculature but not in large epicardial coronary
arteries in pigs in vivo (32). They suggested that defective
NO synthesis plays an important role in mediating
coronary microvascular disorders. They also showed that
the presence of endothelial dysfunction of the coronary
microcirculation in angina pectoris and normal coronary
angiograms in which abnormal vasomotion in the
coronary microcirculation contributes to myocardial
ischemia. We were unable to determine whether there are
differences in the magnitude of reduction of the
bioavailabity of NO with the presence of risk factors such
as hypertension, hypercholesterolemia, diabetes,
smoking, or aging. In this study 6 patients with
hypertension had the lowest nitrite-nitrate levels and
lowest antioxidant ezymes (table 3). But the data was
unchanged when these patients were excluded from this
study.

It was remarkable to find a decrease in antioxidant
enzymes in young patients. Coronary angiogram scoreS
of the young patients were higher than those of the
elderly but this difference was not significant. Based on
this findings, we proposed that the factors in the
mechanism of atherosclerosis in younger patients in
different from those in older ones. The insufficient
antioxidant enzyme activity is a triggering factor to
atherosclerosis. However it is not yet known if this
decrease in antioxidant enzymes is a genetically
determined primary factor or a secondary factor due to
increased production of free radicals. If the first
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Table 3. The results related with antioxidant enzymes and NO status
of hypertensive patients. Data are given as mean+SEM.
*P<0.01, **P<0.05 (Comparisons were made versus
control).
Hypertensive patients (n=6)
SOD (U/g Hb) 1855.83+550.45*
Catalase (U/g Hb) 10823.00+1432.23**
Nitrite (umol/l) 4.92+0.55*
Nitrate (umol/l) 20.00+2.12**
Total (nitrite+nitrate) (umol/l) 25.83+3.92**

assumption is correct, then determination of the
antioxidant enzyme activities may be used to find the
subjects at risk for atherosclerosis in future.

Although it has been suggested that
hypercholesterolemia increases the level of oxygen free
radicals (33), there was no difference between the
patients at high risk (serum cholesterol levels>200 mg/dl)
and low risk (serum cholesterol levels<200 mg/dl), when
we investigated the nitrite—nitrate levels and antioxidant
enzyme activity in patient group according to cholesterol
levels. On the other hand, Ohara et al. and Prasad et al.
showed (11, 32) that superoxide anion production
increased in endothelial cells from hypercholesterolemic
vessels and these radicals (OFRs) would produce
endothelial damage leading to the development and
persistence of atherosclerosis. Leung et al. proposed that
endothelial dysfunction associated with
hypercholesterolemia is reversible with cholesterol
reduction in man, even before angiographic evidence of
atherosclerosis. The relations of total and LDL-cholesterol
to endothelium—dependent vasomotor response observed
in their study are also intriguing. Total and LDL
cholesterol concentrations are significantly correlated
with acetylcholine response at the follow—up but not at
the base line (4). In accordance with this finding Lischer
et al. (2) proposed that the bioassayable EDRF release in
coronary artery with hypercholesterolemia and
atherosclerosis is clearly reduced. We found a significant
positive correlation between the cholesterol levels and
nitrite—nitrate levels and this correlation was clearer in
older patients (r=0.6, p<0.01) and in patients with high
coronary score (r=0.5, P<0.05). It is known that
increases in the cholesterol levels, expecially in
LDL—cholesterol levels cause oxidized—-LDL and
atherosclerosis. Lischer et al. proposed that both native
and oxidized—-LDLs inactivate NO, and oxidized-LDL
specifically interferes with the L-arginine pathway (1).
We suggest that an elevation in nitrate levels correlated
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with cholesterol elevation may be related with NO
destruction by cholesterol. According to an attractive
hypothesis that was proposed by Flavahan et al. (31), the
G-protein would be inactivated in early atherosclerosis
and hypercholesterolemia, yielding decreased NO
formation in response to a certain level of stimulation of
the endothelial surface receptors. This would be the first
step towards endothelial dysfunction. Later when
atherosclerosis manifests and/or hypercholesterolemia
becomes more advanced. NO breakdown would be
enhanced, possibly by increased formation of oxygen
radicals. This hypothesis explains the NO depletion and/or
NO elevation in different stages of atherosclerosis.

The SOD activity of patients whose coronary scores
were below 200, was lower than that of patients whose
coronary scores were higher than 200. Our interpretation
was that the SOD activity is more affected in patients with
lower angiogram scores due to higher mean cholesterol
levels compared with the others (348.7+120 vs.
232.6+65). Although SOD activity was lower in patients
with coronary scores below 200 and this value was
different significantly compared with the controls, there
was no significant difference (P>0.05) between patients

with more and less atherogenesis.

In conclusion, it is obvious that in the stage of
atherosclerosis if via oxygen radicals, there is an increased
breakdown of NO which results with impaired endothelial
function leading to critical alterations in vasomotor
responses. Hypercholesterolemia, increased oxygen free
radicals, decreased antioxidant enzymes and endothelial
dysfunction caused by NO depletion are all intriguing
mechanisms which act coherently in the progress of
atherosclerosis. As it has been shown in our study,
insufficient antioxidant enzyme activity and a decrease in
total nitrite levels which might be independent triggering
factors other than the well known risk factors such as
age, sex, hypercholesterolemia and hypertension for
atherosclerosis: therefore prospective studies are needed
to confirm the hypothesis that antioxidant enzyme
activity may be used to identify the subjects at risk for
atherosclerosis.
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