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Abstract

Nitric oxide (NO) plays a pivotal role in the pathophysiology of coronary artery disease.
The roles of NO are not only physiological but also pathological in the cardiovascular system. An
inappropriate release of NO has been linked to the pathogenesis of CAD. The authors investi-
gated whether serum NOx (nitrate and nitrite), a stable end product of NO, level was related to
patients with coronary artery disease. The blood chemistry, such as cholesterol, triglyceride, LDL-C,
HDL-C and blood sugar, was also measured in comparison with serum NOx. Serum NOx was
measured in samples from 20 healthy controls, 20 angina patients without angiographic evidence
of coronary lesions (CAG) and 20 angina patients with angiographic evidence of coronary lesions
(CAD) by using modified Griess reaction. The mean serum NOx levels in the CAD groups was
higher than CAG and control groups (41.3 £ 5.5, 32.7 + 3.9 and 25.7 + 3.5 pumol/L, respectively).
NOx levels in the CAD group was only significantly higher than the control groups (p < 0.05) but
not the CAG groups. There were no significant differences of NOx levels in all age groups. In the
CAD group, women showed significantly higher NOx levels than men (64.0 + 7.5 and 29.0 + 4.7
umol/L, respectively, p < 0.05). Interestingly, the mean serum NOx levels in the CAD groups was
significantly higher in a group of abnormal lipid profiles (cholesterol, triglyceride, LDL-C) and
blood sugar than in a group of normal profiles. The results suggested that there was an increased
NOx levels in patients with coronary artery disease and much higher in patients with multiple
underlying conditions such as hyperlipidemia and hyperglycemia. Thus, the measurement of the
NOx levels at different times may help to monitor the state and severity of coronary artery disease.
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Nitric oxide (NO) plays a pivotal role in
the pathophysiology of coronary artery disease(1). A
reduction in NO production contributes to endothe-
lial dysfunction which is a feature of much of car-
diovascular pathology(2-4). NO is one of the most
important intracellular and extracellular signalling
substances(5). It initiates host defense homeostasis
and developmental functions(6). Particularly in the
cardiovascular system, NO not only modulates blood
vessel tone but also affects other functions of the
endothelium such as inhibition of platelet adherence
and aggregation, reduction of leukocyte adherence to
the endothelium, suppressing proliferation of smooth
muscle cells, increase in endothelium permeability,
and antithrombogenicity(7). The roles of NO are
not only physiological but also pathological in the
cardiovascular system such as allograft rejection,
induction of lipid peroxidation after myocardial
reperfusion injury, vasospasm and thrombogenesis
(8). Thus, an inappropriate release of NO has been
linked to the pathogenesis of coronary artery diseases.
However, many studies showed that there was either
an increase or decrease of NO levels in coronary
artery disease patients(9-11), The differences in results
may arise from many factors e.g. phases of the
disease or methods of NO measurement. Therefore,
the evaluation of the basal NO levels in healthy sub-
jects in comparison with coronary artery disease
patients will help to understand the pathogenesis of
coronary artery disease. Moreover, the results may
be useful for the selection of appropriate treatment
and disease progression by using serum NO levels as
a follow-up marker.

MATERIAL AND METHOD
Subjects

The study was performed on 60 subjects
recruited from Siriraj Hospital. There were three
types of subjects. The first group consisted of 20
subjects who displayed a stenotic lesion of larger
than 50 per cent in at least one principal coronary
artery (CAD group). The second group consisted of
20 subjects who had angina but had no angiographic
evidence of coronary lesions (CAG group). The third
group consisted of 20 normal healthy subjects who
had no history of heart disease (control group). The
study was conducted in full conformance with the
principles of the "Declaration of Helsinki" with the
approval of the local research ethical committee and
informed consent was obtained.
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Collection of blood

The blood was drawn from peripheral veins
of the subjects after 8 h fasting and placed in tubes.
Serum samples were centrifuged at approximately
1,000 x g for 10 minutes. Serum were stored at -40°C
until assay.

Measurement of serum nitrite and nitrate

Nitrite and nitrate (NOx) are the primary
oxidation products formed when NO reacts with
oxygen. The concentrations of these anions have
been used as a quantitative measure of NO produc-
tion. This assay determines NO based on the enzy-
matic conversion of nitrate to nitrite according to
the method of Schmidt et al(12). Briefly, nitrate was
stoichiometrically reduced to nitrite by incubation of
sample aliquots for 15 minutes at 37°C in the pre-
sence of nitrate reductase (5 U/ml), NADPH (1.33
mM) and flavine adenine dinucleotide (FAD, 0.133
mM) in a final volume of 70 ul. When nitrate reduc-
tion was complete, the unused NADPH, which
interferes with the subsequent nitrite determination,
was oxidized by lactate dehydrogenase (1,000 U/ml)
and sodium pyruvate (205 mM), in a final reaction
volume of 80 pl and incubated for 5 minutes at 37°C.
Subsequently, total nitrite in serum was assayed by
adding 80 ul of Greiss reagent (1% sulphanilamide
and 0.1% naphtylenediamide in 5% phosphoric acid)
to 80 pl samples of serum. The determination of
nitrite levels was obtained by measuring colored
azo-dye product of the Griess reaction that absorbs
visible light at 595 nm (reference filter: 655 nm)
with a microplate reader. The serum NOx levels
were determined from the calibration curve using
NaNO, standard.

Statistical analysis

Statistical analysis performed with SPSS
program. All results are shown as mean + S.EM
from duplicate determinations. Variable in three
groups were compared with one way analysis of
variance (ANOVA) followed by Turkey’s method.
Comparison between the two groups was made by
unpaired f-test. A p-value of less than 0.05 was
considered as statistically significant.

RESULTS

Demographic data and laboratory charac-
teristics of all subjects are shown in Table 1. All data
were expressed as mean + SEM. The laboratory data
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Table 1. Clinical characteristics of the subjects.
Healthy controls CAG group CAD group
(n=20) (n=20) (n=20)
Age, years Si.1+16 536+1.7 60.1£2.6
(min-max) (40-63) (43-71) (40-77)
Sex
Male 9 9 13
Female 11 11 7
Lipid profiles
Chol, mg/dl 2138185 201.4+£95 2042+113
TG, mg/dl, 13524214 1216+ 15.1 147.6 +15.5
LDL-C, mg/dl 1323495 1232475 120.0+9.8
HDL-C, mg/dl 55.6+4.1 462123 433426
Glucose, mg/d] 979+3.1 107.5+45 104527
Creatinine, mg/dl 14104 08100 0.8+£0.1
BUN, mg/dl 142+ 0.7 15.1+1.0 140+13
SGOT, U/L 186+1.7 173+ 1.6 168+ 1.8
SGPT, UL 143426 92417 6.7+0.8
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Fig. 1.

Serum NOx levels in healthy controls, angina patients without angiographic evidence of coronary

lesions (CAG) and angina patients with angiographic evidence of coronary lesions (CAD). Data are
expressed as mean + SEM. * p < 0.05 when compared to the healthy controls.

revealed that total cholesterol, triglyceride, LDL-
cholesterol, blood sugar, creatinine, BUN and SGOT
were not different among the 3 groups. The HDL-
cholesterol, SGOT and age showed significant diffe-
rence in healthy controls, the CAG and CAD group
(p < 0.05).

Serum NOx levels in coronary artery disease
comparison with CAG and control group

The mean serum NOx levels in the CAD
group were higher than the CAG and control group
(413 £ 5.5, 32.7 £ 39 and 25.7 + 3.5 pmol/L,
respectively, Fig. 1). NOx level in the CAD group
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was only significantly higher than the control group
(p < 0.05, Fig. 1) but not the CAG group.

The relationship between serum NOx levels and
age groups

To investigate the variable effects of serum
NOx levels on age, NOx levels were compared in
the healthy control, CAG and CAD groups. The
data showed no statistically significant difference of
NOx levels in all age groups (p > 0.05, Fig. 2).

The relationship between serum NOx levels and
sex

In the CAD group, women showed signifi-
cantly higher NOx levels than men (63.9 + 7.5 and
29.0 + 4.7 pmol/L, respectively, p < 0.05, Fig. 3).
Moreover, serum NOx levels increased significantly
according to severity of diseases in women (from
control, CAG and CAD, respectively, p < 0.05, Fig.
3) but did not in men (from control, CAG and CAD,
respectively, p > 0.05, Fig. 3).

The relationship of serum NOx levels between
normal and abnormal cholesterol group

In the abnormal cholesterol group (choles-
terol > 200 mg/dl), the mean serum NOx levels of
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the CAD group were significantly higher than that
of the healthy controls (52.4 = 9.4 and 20.6 + 3.5
umol/L, respectively, p < 0.05, Fig. 4).

The relationship of serum NOx levels between
the normal and abnormal triglyceride group

In both the CAD and healthy control group,
the mean serum NOx levels of abnormal triglyceride
patients (triglyceride > 150 mg/dl) were significantly
higher than that of the normal triglyceride patients
(p < 0.05, Fig. 5).

The relationship of serum NOx levels between
normal and abnormal LDL-C

In the CAD group with an abnormal LDL-C
level (LDL-C >160 mg/dl), the mean serum NOx
level was significantly higher than that of the healthy
control group (60.4 + 8.5 and 16.6 + 3.8 pumol/L,
respectively, p < 0.05, Fig. 6).

The relationship of serum NOx levels between
normal and abnormal HDL-C

In the normal HDL-C group (HDL-C >
35 mg/dl), the mean serum NOx levels of the CAD
group were significantly higher than the healthy con-
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CAG CAD

The comparison of serum NOx levels between age groups in healthy controls, angina patients without

angiographic evidence of coronary lesions (CAG) and angina patients with angiographic evidence
of coronary lesions (CAD). Data are expressed as mean + SEM.
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The comparison of serum NOx levels between male and female healthy controls, angina patients
without angiographic evidence of coronary lesions (CAG) and angina patients with angiographic
evidence of coronary lesions (CAD). Data are expressed as mean + SEM. * p < 0.05 when compared
to females in the control group. ** p < 0.05 when compared to males in CAD group.
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The comparison of serum NOx levels between normal and abnormal cholesterol in healthy controls,
angina patients without angiographic evidence of coronary lesions (CAG) and angina patients with
angiographic evidence of coronary lesions (CAD). Data are expressed as mean + SEM. * p < 0.05
when compared to abnormal cholesterol in the control group.
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The comparison of serum NOXx levels between normal and abnormal triglyceride in healthy controls,
angina patients without angiographic evidence of coronary lesions (CAG) and angina patients with
angiographic evidence of coronary lesions (CAD). Data are expressed as mean + SEM. *x p < 0.05
when compared to normal triglyceride in the CAD group. Hork p < 0.05 when compared to normal
triglyceride in the control group.
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The comparison of serum NOx levels between normal and abnormal LDL-C in healthy controls,
angina patients without angiographic evidence of coronary lesions (CAG) and angina patients with
angiographic evidence of coronary lesions (CAD). Data are expressed as mean + SEM. * p < 0.05
when compared to abnormal LDL-C in the control group.



§736 P. AKARASEREENONT et al.

trol group (42.7 £ 5.5 and 24.2 + 3.5 pmol/L, res-
pectively, p < 0.05, Fig. 7).

The relationship of serum NOx levels between
normal and abnormal blood sugar

In the CAD group, the mean serum NOx
levels of patients with abnormal blood sugar (BS >
110 mg/dl) were significantly higher than patients
with normal blood sugar (63.9 + 10.3 and 31.6 + 4.6
umol/L, respectively, p < 0.05, Fig. 8).

DISCUSSION

The authors have shown that serum NOx
levels in CAD patients were significantly higher
than that of the healthy controls. This result is similar
to the studies of Lecour et al who found increased
NOx levels during prolonged ischemia in an isolated
heart rat model(11). These findings suggested that
an increase of serum NOx in the CAD group may
be due to a compensatory response according to the
severity of the disease. The rise of NOx levels in
the CAD group may be caused by induction of the
inducible isoform of NOS in the activated macro-
phages, cardiac myocytes or vascular smooth muscle
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cells(13) and may result from the acidification
occurring during ischemia(14),

In this study, the relationship between
serum NOx levels and blood chemistry such as
cholesterol, triglyceride, LDL-C and blood sugar
were also observed. Interestingly, serum NOx levels
were higher in the CAD group with hyperlipidemia
than in normal lipidemia and the control group. This
might be attributable to the compensatory responses
in the diseases. Ferlito and Galina reported that a sig-
nificantly increased synthesis of the plasma nitrites
in hypercholesterol patients means an engagement
of NO to neutralize the endothelium damaging
molecular substances and particularly the oxidized
LDL(10),

In the CAD group with abnormal blood
sugar, the NOx levels were significantly different
compared with normal blood sugar. This might
support a previous study showing that high glucose
concentrations induce NOS expression and super-
oxide anion in human aortic endothelial cell culture
(15). Furthermore, NO mediates increased blood
flow to pancreatic islets during hyperglycemia(16)

Control

Fig. 7.

CAG CAD

The comparison of serum NOx levels between normal and abnormal HDL-C in healthy controls,

angina patients without angiographic evidence of coronary lesions (CAG) and angina patients with
angiographic evidence of coronary lesions (CAD). Data are expressed as mean + SEM. * p < 0.05
when compared to normal HDL-C in the control group.
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The comparison of serum NOx levels between normal and abnormal blood sugar in healthy controls,

angina patients without angiographic evidence of coronary lesions (CAG) and angina patients with
angiographic evidence of coronary lesions (CAD). Data are expressed as mean + SEM. * p < 0.05
when compared to abnormal sugar in the control group. > p < 0.05 when compared to normal

blood sugar in the CAD group.

and experimental hyperinsulinemia increases urinary
NOx excretion(17).

In the present study, the authors investi-
gated the effects of gender and aging on serum NOx
levels in healthy subjects, CAG and CAD groups.
However, there was no significant difference among
all age ranges. Interestingly, serum NOx levels were
increased in women but not in men in the CAD
group. Similary, it has been reported that serum
NOx levels were increased according to age only in
women(18), Other reports by Colditz et al showed
that elevated serum NOx levels were associated in
part with estrogen(19). Estrogen has an anti-athero-
genic action which is considered to stimulate NO
production by vascular endothelial cells(20), The
protective roles of estrogen on coronary vasculature

may in part be related to their complex effects on
NOS activity.

In conclusion, the authors demonstrated
that NO production may play compensatory and pro-
tective roles in coronary artery diseases. The amount
of NO production will be much higher when multiple
predisposing factors are involved. Therefore, serum
NOx levels are expected to be markers for prog-
nosis and severity of coronary artery diseases. Thus,
measurement of serum NOx levels at different times
in sequence will be helpful for the assessment of
coronary artery diseases.
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