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Abstract

Various oxidative stress markers have been measured to evaluate the status of heart failure (HF). However, the relation-
ships between these markers and the aetiology of HF have not been fully investigated. This study compared 8-hydroxy-
2’-deoxyguanosine (8-OHdG) and biopyrrins levels in patients with ischemic and non-ischemic HF. Study subjects were
divided into a coronary artery disease (CAD) group (z = 70), a non-CAD group (z = 61) and a control group (z = 33).
In the CAD group, 8-OHdG and biopyrrins levels increased with the severity of the New York Heart Association (NYHA)
functional class and log BNP levels correlated with 8-OHdG and biopyrrins levels. However, non-CAD patients with NYHA
class III/IV had significantly lower 8-OHAG levels than CAD patients with NYHA class III/IV and the levels did not cor-
relate with log BNP levels. In the CAD group, 8-OHAG levels reflected the severity of atherosclerosis. These results indicate
that the properties of oxidative stress markers should be carefully taken into consideration for the assessment of HF status.
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Introduction . . . . Cq
Recently, various studies have implicated oxidative

In patients with chronic heart failure (HF), the pres-
ence of coronary artery disease (CAD) plays a crucial
role in mortality and morbidity. Ischemic cardiomyopa-
thy is the ultimate result of CAD. Patients with ischemic
cardiomyopathy have a worse prognosis than patients
with non-ischemic cardio-myopathy [1,2]. The aetiol-
ogy of HF also influences the response to medical treat-
ment such as amiodar-one, beta-blockers and calcium
channel blockers [3]. Appropriate revascularization
therapy should be considered to improve the prog-
nosis in patients with ischemic cardiomyopathy. For
these reasons, classification of HF patients based on the
presence of CAD is important for risk stratification.

stress in the progression of left ventricular (LV) remod-
elling and failure, and congestive heart failure is
characterized by chronic and progressive LV systolic
dysfunction. Accordingly, surrogate markers of oxida-
tive stress are currently measured to evaluate the
status of HF [4-9]. However, only a few studies have
assessed the association of oxidative stress levels with
the aetiology of HF. Nucleobases and their corre-
sponding 2’-deoxyribonucleotides are highly suscep-
tible to oxidation and subsequent damage, leading
to specific replication errors. Urinary 8-hydroxy-2’-
deoxyguanosine (8-OHdAdG) serves as a putative marker
of systemic oxidatively generated damage to DNA
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[10,11]. In addition, excessive reactive oxygen species
(ROS) activates hemeoxygen-ase, the rate-limiting
enzyme in the heme degradative pathway, leading to
the production of bilirubin [12,13]. Biopyrrins are
oxidatively-modified metabolites of bilirubin and as
such are potential markers of scavenged radicals
[14,15]. The present study was designed to compare
patients with an ischemic and non-ischemic aetiology
of HF to determine whether these oxidative stress
markers are different.

Methods

The study subjects comprised 164 consecutive
patients (115 men and 49 women; mean age 64 years)
with reduced left ventricular systolic function (left
ventricular ejection fraction [LVEF] < 55%) and
control subjects (19 men and 14 women; mean age
69 years). The diagnosis of heart disease was based
on the clinical history and results of physical exam-
ination, electrocardiogram, chest X-ray, echocardio-
gram, left ventriculogram and coronary angiogram.
The New York Heart Association (NYHA) functional
classification was evaluated at the time of admission.
Patients with NYHA functional class I had cardiac
disease that did not limit physical activity; ordinary
physical activity in these patients did not cause undue
fatigue, palpitation, dyspnea or angina. The remaining
patients with heart disease were symptomatic for
heart failure. Patients in NYHA functional class III/
IV had significant clinical findings (e.g. oedema, S,
and pulmonary congestion). The cause of heart dis-
ease was ischemic cardiomyopathy in 70 patients,
idiopathic dilated cardiomyopathy (DCM) in 46
patients, dilated phase of hypertrophic cardiomyo-
pathy in two patients and hypertensive heart disease
in 13 patients. We excluded patients with active auto-
immune disease, cancer, severe renal insufficiency
and severe liver dysfunction on admission. Renal
insufficiency was defined by a serum creatinine of
>2.0 mg/dl. We used the abbreviated MDRD equa-
tion to estimate the glomerular filtration rate [16].
We also excluded those patients who had undergone
coronary artery bypass surgery or angio-plasty in the
preceding 3 months. Risk factors for coronary artery
disease included advancing age (>75 years of age),
hypertension, dyslipidemia, diabetes mellitus, ciga-
rette smoking and obesity. Diabetes mellitus was
defined according to the criteria of the American Dia-
betes Association [17]. The control subjects had sus-
pected angina pectoris, but showed no coronary
stenosis or coronary spasm after intracoronary injec-
tion of acetylcholine. These subjects had preserved
left ventricular systolic function (mean LVEF of
73.4%). In the control subjects, the prevalence of
coronary risk factors was advancing age, 15% (n =
5); hypertension, 48% (n = 16); dyslipidemia, 52%

(n= 17); current smoking, 21% (n = 7); diabetes
mellitus, 24% (n = 8); and obesity, 45% (n = 15).

The study protocol was approved by the Human
Ethics Review Committee of Kumamoto University
School of Medicine and a signed consent form was
obtained from each subject.

All subjects supplied urine samples in the early
morning after admission. All urine samples were
immediately centrifuged at 2000 rpm for 10 min at
4°C and stored at —80° C for subsequent analysis.
Biopyrrins were measured using an enzyme immu-
noassay kit based on a monoclonal antibody (Shino-
test Co, Tokyo, Japan). A competitive enzyme-linked
immunosorbent assay kit was used to measure
8-OHdG levels (8-OHAG check, Japan Institute for
the Control of Aging, Shizuoka, Japan). The results
were expressed relative to the urinary creatinine
concentration and reported in umol/g creatinine for
biopyrrins and ng/mg creatinine for 8-OHdG. Blood
samples were obtained from an antecubital vein imme-
diately after admission. The plasma concentration of
B-type natriureticpeptide (BNP) was measured with
a specific radioimmunoassay for human BNP.

The hemodynamic state of subjects was measured
using a Swan-Ganz catheter. LVEF was measured by
left ventriculography. Coronary artery narrowing was
visually assessed and reported as the percentage of
luminal diameter stenosis. Angiograms were assessed
by two cardiologists who were unaware that the
patients were enrolled in the study. Significant CAD
was defined as >75% narrowing of the internal diam-
eter of the main vessels or their major branches and
>50% narrowing of the left main coronary artery.
The severity of CAD was represented by the number
of diseased vessels.

All results except for urinary biopyrrins and plasma
BNP are expressed as the mean = SEM. Multiple
group comparisons of continuous data were per-
formed with a one-way analysis of variance, followed
by Scheffe’s method to compare individual groups.
Other clinical characteristics were compared by either
a chi-squared or Fisher’s exact test. Plasma levels of
BNP and urinary levels of biopyrrins were not dis-
tributed normally and thus expressed as the median
value (25-75™ percentile ranges). Non-parametric
analysis was used to compare these variables using
both a Kruskal-Wallis and Mann-Whitney U-test.
Linear regression analysis was used to determine the
correlation among urinary 8-OHdG levels, log BNP
levels and log biopyrrins levels. A p-value <0.05 was
considered significant in all statistical analyses.

Results

The baseline characteristics of the patients with
reduced left ventricular systolic function are listed in
Table I. Patients in the CAD group were significantly
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older than those in the non-CAD group (69 = 1 vs
59 =+ 2, respectively, p <0.01). Half of the patients
with CAD also had diabetes mellitus and the mean
HbA1C level in the group was significantly higher than
that in the non-CAD group (6.4 = 0.2 vs 5.7 = 0.1,
respectively, p <0.01). The prevalence of dyslipidemia
was higher in CAD patients. The difference in BNP
levels between CAD and non-CAD patients was not
significant, although the mean LVEF was significantly
lower in the non-CAD group than in the CAD group
(33.5 £ 1.6 vs 40.5 = 1.3, respectively, p <0.01).

Patients in the CAD and non-CAD groups were
further divided into three sub-groups based on their
NYHA functional classification (Table II). The LVEF
was reduced in NYHA class III/IV patients, com-
pared with class I/II patients. The BNP levels were
highest in NYHA class III/IV patients.

Urinary levels of biopyrrins for all subjects increased
with the severity of NYHA class (Figure 1) and cor-
related with log BNDP levels (r= 0.280, p <0.01 in the
CAD group and r= 0.465, p <0.01 in the non-CAD
group, respectively) (Figure 2). In contrast, urinary
levels of 8-OHAG increased with the severity of
NYHA class and correlated positively with log BNP
levels (r= 0.338, p <0.01) only in the CAD group.

Oxidative stress in CAD and non-CAD patients 1161

In the non-CAD patients, urinary 8-OHdG levels
were higher than in the controls; however, the levels
did not correlate with log BNP levels. There was no
correlation between urinary 8-OHAG levels and
biopyrrins levels in both the CAD and non-CAD
groups. Urinary 8-OHAG levels in the CAD group
correlated negatively with LVEF (r= -0.432, p <
0.01), but there was no significant relationship
between urinary 8-OHAG levels and LVEF in non-
CAD patients.

CAD patients were divided into three sub-groups
based on analysis of the coronary angiogram; those with
one vessel disease (1VD group, n= 16), two-vessel dis-
ease (2VD group, # = 17) and three-vessel disease (3VD
group, n = 37). Urinary 8-OHdG levels increased along
with the number of diseased vessels (Figure 3). The
concentrations of urinary 8-OHdG and biopyrrins did
not correlate with the number of risk factors for CAD.
Urinary biopyrrins levels were not associated with the
severity of vessel disease (data not shown).

Discussion

To the best of our knowledge, this study is the first
report to reveal differences in the levels of oxidative

Table I. Clinical characteristics.

non-CAD group (n = 61) CAD group (n = 70) p-value
Age (years) 59+1.9 69+1.2 <0.01
Men 43 (69%) 54 (77%) NS
Coronary risk factors
Hypertension 25 (40%) 39 (56%) NS
Dyslipidemia 24 (39%) 43 (61%) <0.01
Smoking 14 (23%) 26 (37%) NS
Diabetes mellitus 17 (27%) 35 (50%) <0.01
Obesity (BMI > 25 kg/m?) 19 (31%) 19 (27%) NS
T-Cho (mg/dl) 186.8+5.5 178.1+4.0 NS
LDL (mg/dl) 117.2%4.3 109.1x3.5 NS
Triglyceride (mg/dl) 127.6*+14.3 116.6*£5.6 NS
HDL (mg/dl) 54.7+2.3 49.0+2.3 NS
HbAlc (%) 5.7%0.1 6.4+0.2 <0.01
CRP (mg/dl) 0.55%*0.14 0.47*+0.10 NS
BNP (pg/ml) 523.1+94.4 404.0£66.1 NS
LVEF (%) 33.5*1.6 40.5*1.3 <0.01
serum creatinine (mg/dl) 0.98+0.29 1.00+0.33 NS
estimated GFR (ml/min/1.73m?) 60.9+1.9 60.7+2.3 NS
urinary 8-OHdG 19.7+1.4 24.0+1.9 NS
urinary bioppyrins 5.0+0.8 4.5+0.6 NS
Concomitant medications on admission
statins 5 (8%) 30 (43%) <0.01
ACE inhibitors/ARB 50 (82%) 61 (87%) NS
B-blockers 20 (32%) 21 (30%) NS
calcium antagonist 7 (10%) 27 (39%) <0.01
aspirin 13 (21%) 63 (90%) <0.01
warfarin 22 (36%) 15 (21%) <0.05

8-OHdG = 8-hydroxy-2'-deoxyguanosine; ACE = angiotensin-converting enzyme; ARB = angiotensin II receptor blockers; BMI = body
mass index; BNP = B-type natriuretic peptide; CRP = C-reactive protein; GFR = glomerular filtration rate; HDL = high density lipoprotein;
LDL = low density lipoprotein; LVEF = Left ventricular ejection fraction.
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Table II. New York Heart Association functional classification and haemodynamic variables.

Control group Class I Class II Class III/IV
CAD group n =33 n =26 n =19 n =25
HR (beats/min) 67+2.3 69+2.2 70+2.4 88+3.8qf*
BP (mmHg) 134+3.2/77+1.7 126+3.6/72£2.2 122+4.9/70 + 2.8 123£5.4/73£2.7

BNP (pg/ml)

31.0 (16.3-56.6)

CI (I7min/m?) 2.7%0.1
PCWP (mmHg) 8.5+0.7
LVEF (%) 73.4+1.4
serum creatinine (mg/dl) 0.84+0.06
estimated GFR (ml/min/1.73m?) 69.2+2.9
urinary biopyrrins (mmol/g creatinine) 2.09 (1.33-3.33)
urinary 8-OHdG (ng/mg creatinine) 12.6+0.9
Non-CAD group n =33
HR (beats/min) 67+2.3

BP (mmHg)
BNP (pg/ml)

134%3.2/77+1.7
31.0 (16.3-56.6)

CI (I7min/m?) 2.7+0.1
PCWP (mmHg) 8.5*+0.7
LVEF (%) 73.4*+1.4
serum creatinine (mg/dl) 0.84+0.06
estimated GFR (ml/min/1.73m?) 69.2+2.9
urinary biopyrrins (mmol/g creatinine) 2.09 (1.33-3.33)
urinary 8-OHdG (ng/mg creatinine) 12.6+0.9

53.5 (20.8-78.0)

168.5 (120.0-286.0)7+

2.4+0.1 2.4+0.1 2.3%0.1
8.6+0.9 10.5%1.3 16.7+2. 191*
46.1x1.59 43.9+2.39 32.4+2.191*
0.86+0.04 1.04%0.08 1.12+0.08%§
69.2+£3.7 61.4+t4.3 51.2+3.49t

2.51 (1.58-2.98) 2.25 (1.79-5.86) 4.38 (2.50-9.75)9t

15.8*+1.5 22.6+3.1F 33.7+4.091*

n =14 n =19 n =28

70x3 82+4 96591

127%£4.9/79%+3.8
63.5 (25.0-78.0)%

127+9.0/79+5.7
144.0 (59.9-293.5)1§

120%£5.9/76+3.7

2.3%0.1 2.7+0.2 2.2+0.1%
9.5+0.7 10.8+1.0 15.7=1.794*
41.4+1.49 34.6+3.29 30.4+2.59§
0.92+0.05 0.960.09 1.03%0.05
65.0+3.4 65.1+4.3 55.9+2.3F
1.61 (1.23-2.21) 3.15 (1.54-5.21)§  4.77 (3.58-8.62)Y+*
16.9+2.7 19.6+1.8 20.3+2.3%

$p <0.05 vs control group, p <0.01 vs control group, Tp <0.01 vs class I, §p <0.05 vs class NYHA I, *» <0.05 vs class II 8-OHdG 5 8-hydroxy-
2’-deoxyguanosine. BNP = B-type natriuretic peptide; BP = blood pressure; CI = cardiac index; GFR = glomerular filtration rate; HR = heart
rate; LVEF = left ventricular ejection fraction; PCWP = pulmonary capillary wedge pressure.

stress markers according to the aetiology of LV systolic
dysfunction. Urinary biopyrrins levels were elevated
in association with NYHA classification severity in
both the CAD and non-CAD groups. Urinary
8-OHJAG levels were also associated with HF severity;
however, 8-OHdG levels were higher in NYHA class
III/IV patients with than without CAD. Furthermore,
urinary 8-OHdG levels were related to the severity of
CAD.

In the context of HF, excessive ROS are generated
from many sources, including nicotinamide adenine
dinucleotide phosphate oxidase, xanthine oxidase,
auto-oxidation of catecholamines, nitric oxide syn-
thase activation and mitochondrial leakage [18].
ROS are involved in the pathogenesis and progres-
sion of HF and many recent studies proposed a rela-
tionship between oxidative stress markers and
functional indexes of HF [5-9]. However, increasing
oxidative stress was not always specific to the HF
state due to the presence of other conditions. The
formation of ROS is also a critical event in the devel-
opment of atherosclerosis [19,20]. In this study, uri-
nary 8-OHAdG levels significantly correlated with the
number of diseased coronary arteries. Myocardial
ischemia is one of the causes of ROS generation.
Repetitive myocardial ischemia further depresses LV
systolic dysfunction in a process called ‘myocardial
stunning’ [21], resulting in the worsening of HF.

Thus, increasing levels of 8-OHdG in the CAD
patients in this study were induced, at least in part,
by repetitive myocardial ischemia.

There was no correlation between the urinary
biopyrrins levels and the severity of diseased coro-
nary arteries. Urinary biopyrrins levels were corre-
lated with the severity of HF in both the CAD and
non-CAD groups. In a state of severe HF, impaired
hemodynamics causes both liver congestion and
hypoperfusion. The levels of bilirubin, an antioxi-
dant, are often increased in decompensated HF [22].
These results might account for the elevation of
urinary biopyrrins levels in both groups.

In the present study, urinary 8-OHdG levels in the
control group were higher than previously reported
levels measured by ELISA [23]. High inclusion
rates of coronary risk factors might contribute to this
difference. Oxidative stress is increased in the
presence of risk factors for atherosclerosis such as
diabetes mellitus, hypertension, dyslipidemia and
smoking. These atherogenic risk factors additively
increase systemic oxidative stress [24,25]. In the
present study, the number of coronary risk factors
showed no relationship with either urinary 8-OHdG
or biopyrrins levels. This may have been due in part
to the small sample size. In addition, both the degree
of HF and severity of CAD might also influence
these discrepancies.
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Figure 1. Comparison of urinary biopyrrins (A) and 8-OHAG levels (B) among patients with New York Heart Association (NYHA)
functional classes I, IT and III/IV, compared with controls. (A) The horizontal line in the box represents the median value; the boxed area
is the inter-quartile range; and the whiskers are the 10-90% range. (B) Data are mean = SEM. }p < 0.05 vs control group, fp < 0.01 vs
control group, Tp < 0.01 vs class I, §p <0.05 vs class NYHA I, *» < 0.05 vs class II. The urinary 8-OHdG levels in NYHA class III/IV
patients of the non-CAD group were significantly lower than those in the CAD group. CAD = coronary artery disease; NYHA = New
York Heart Association; control group (white dots); CAD group (black dots); non-CAD group (grey dots).

In the chronic phase of myocardial infarction, ROS
generated from mitochondria cause further mito-
chondrial dysfunction, which plays an important role
in the progression of LV remodelling and failure [26].
ROS modify the DNA precursors in the nucleotide pool.
The formation of 8-0xo-dGTP is one of the major
sources of urinary 8-OHdG. 8-0xo-dGTP is degraded
by an 8-oxo-2'-deoxyguanosine 5’-triphosphate pyro-
phosphohydrolase (hMTHI1) to 8-oxodGMP [27,28].
This pathway was activated in mitochondria isolated
from post-MI hearts [29]. These results might
partly explain the association of urinary 8-OHdG
levels with LVEF in CAD patients. In the present
study, there was no correlation between urinary
8-OHdG levels with LVEF in non-CAD patients.
Kono et al. [30] also reported elevated 8-OHdG

levels in patients with DCM, but no correlation of
these levels with the degree of LV dysfunction. Fur-
ther investigations are needed to clarify the relation-
ship between oxidative DNA damage and the severity
of LV remodelling.

Urinary 8-OHdG has been analysed in the past by
either ELISA or high-performance liquid chromato-
graphy (HPLC) [27]. Urinary 8-OHdG levels mea-
sured by these two methods showed a good correlation
[31]. ELISA has been widely employed because of its
ease-of-use [23,32,33]. However, urinary 8-OHdG
levels analysed by ELISA are 4-10-times higher com-
pared with the levels measured by HPLC [34]. This
discrepancy is explained by the recognition of addi-
tional compounds with ELISA. Recently, Song et al.
[35] reported that urea was one of the important
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Figure 2. Relationship between oxidative stress markers and BNP levels. (A) In the CAD group, the urinary biopyrrins and 8-OHdG levels
correlated positively with log BNP levels. (B) In the non-CAD group, urinary biopyrrins correlated positively with log BNP levels, but
8-OHAG levels did not correlate with log BNP levels. BNP = B-type natriuretic peptide; CAD = coronary artery disease.

compounds causing over-estimation of urinary
8-OHdG by ELISA. 8-0xodGMP and 8-oxodG-con-
taining oligomers are also recognized by ELISA
[34,36]. A limitation of our study is that we did
measure 8-OHdG and biopyrrins levels by HPLC.
Cooke et al. [37] reported an inconsistency of uri-
nary 8-OHdG levels between these two methods and
questioned the accuracy of ELISA. Performance of
the ELISA at 4°C was recommended to improve
the accuracy of the 8-OHdG analysis [34,35]. Since
ELISA is a convenient and useful method, further
development of monoclonal antibodies and improve-
ment of the analytic method are necessary.

In conclusion, urinary oxidative stress marker levels
were increased in patients with chronically reduced
left ventricular function; however, those levels were

influenced by the actiology of HF. Urinary biopyrrins
levels were strongly associated with the severity of HF.
In contrast, urinary 8-OHAG levels were not associ-
ated with the severity of HF in patients with non-
ischemic HF. However, in patients with ischemic
cardiomyopathy, urinary 8-OHdG levels were in-
creased according to the severity of HF and the levels
were closely associated with the progression of ath-
erosclerosis. Our findings suggest that the properties
of oxidative stress markers should be carefully taken
into consideration when assessing the severity of HF.
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