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Abstract. - OBJECTIVE: This study sought to
observe the effects of allopurinol on the car-
diac function of non-hyperuricaemic patients
with chronic heart failure and determine the
safety of allopurinol for clinical applications.

PATIENTS AND METHODS: A group of 125
consecutive cases of non-hyperuricaemic pa-
tients with chronic heart failure who were treat-
ed at Chongqing Emergency Medical Centre be-
tween July 2011 and June 2012 were enrolled
and were randomly divided into allopurinol (300
mg/day) group (n=62) and control group (n=63).
During the six months treatment period, levels
of cardiac function, brachial artery endothelial
function, inflammatory cytokines, and bio-
chemical markers were routinely examined.

RESULTS: After three months of allopurinol
treatment, patients exhibited an increase in
flow-mediated vasodilatation (FMD) of brachial
artery, whereas, after six months of treatment,
the cardiac function classification was im-
proved; plasma levels of brain natriuretic pep-
tide and tumour necrosis factor-a were de-
creased; left ventricular internal diameter was
diminished; and the ejection fraction was in-
creased (p<0.01 for all the parameters) in pa-
tients. Serum uric acid level was decreased
during the treatment period for both groups,
with no significant difference between the two
groups. Liver and kidney dysfunction was not
observed among the study participants, and no
significant increase in creatine kinase level was
detected for either treatment group.

CONCLUSIONS: For non-hyperuricaemic pa-
tients with chronic heart failure, the addition of
six months of allopurinol therapy was safe and
effective. Moreover, in these patients, allopuri-
nol treatment not only can significantly amelio-
rate the left ventricular function and reduce the
level of inflammatory factors but could also im-
prove endothelial function.
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Introduction

Many mechanisms contribute to the develop-
ment of heart failure, including the presence of
inflammatory factors, endothelial dysfunction,
and oxidative stress'. Among these mecha-
nisms, oxidative stress plays an important role
in the pathophysiological process of cardiac re-
modelling and dysfunction®?. Previous studies
have demonstrated that in failing myocardial
tissue, there are high levels of expression and
activation of xanthine oxidase, which mediates
myocardial hypertrophy and dilatation by cat-
alyzing the generation of large quantities of re-
active oxygen species (ROS)*3. Allopurinol, a
competitive inhibitor of xanthine oxidase® is
currently used for the clinical treatment of
gout. However, allopurinol can also significant-
ly decrease the generation of ROS’; suppress
hypertrophy and dysfunction of the ventricular
chambers of failing hearts®!%; reduce the hospi-
talization and mortality rate of patients with
chronic heart failure'""*; improve vascular en-
dothelial function'*!%; and enhance peripheral
blood flow'¢. Furthermore, the aforementioned
benefits occur independently of reduction in
uric acid level. However, previous studies have
suggested that allopurinol is unable to improve
cardiac function or clinical events among the
general population of patients with heart failure
but instead can only benefit hyperuricaemic
heart failure patients'’. In addition, several po-
tential adverse effects of allopurinol treatment
merit attention'®. Therefore, this study sought
to evaluate the clinical benefits of allopurinol
treatment in non-hyperuricaemic patients with
chronic heart failure and assess the safety of al-
lopurinol for clinical applications.
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Patients and Methods

Case Selection and Grouping

For this study, 125 consecutive cases of non-
hyperuricaemic patients with chronic heart fail-
ure who were treated at Chongqing Emergency
Medical Centre between July 2011 and June
2012 were enrolled. Among these patients,
there were 71 cases of coronary artery disease
(CAD) that had been verified by coronary an-
giography, including 37 cases of anterior my-
ocardial infarction, 21 cases of inferior wall
myocardial infarction, and five cases of lateral
myocardial infarction; 29 cases of dilated car-
diomyopathy (DCM), strictly excluding car-
diomyopathies caused by ischemia, alcohol, or
various other factors; and 25 cases of other dis-
eases. The patients were randomly divided into
an allopurinol group (62 patients), who received
standard drug therapy against heart failure sup-
plemented with 300 mg/day of allopurinol
(Chongqing Qingyang Pharmaceuticals, China
Food and Drug Administration approval num-
ber H50021422) and a control group (63 pa-
tients), who received standard drug therapy
against heart failure; the treatment period was
six months. Following inclusion criteria were
used for this study: (1) 43-71 years of age; (2)
class II to class III heart failure according to the
New York Heart Association (NYHA) classifi-
cation scale; (3) normal serum levels of uric
acid; (4) a stable health condition which includ-
ed treatment with standard anti-heart failure
drugs, such as angiotensin-converting enzyme
inhibitors (ACEIs), angiotensin receptor block-
ers (ARBs), B-blockers, digoxin, and/or diuret-
ics, as well as statins (among a subset of the
CAD patients); and (5) agreement to participate
in this study accompanied by a signed informed
consent form. Exclusion criteria used for this
study were: (1) verified or suspected hyperten-
sion and/or diabetes; (2) an autoimmune disease
and/or hepatic or renal insufficiency; and (3) an
allopurinol allergy. This study was approved by
the Ethics Committee of Chongqing Emergency
Medical Centre.

Collection and Testing of Blood Samples

A peripheral venous blood sample was ob-
tained from each patient at the time of enrolment
in the study and after six months of treatment.
Plasma was separated from these blood samples
and used for testing. Enzymatic approaches were
applied to determine various biochemical para-

meters of each plasma sample, using an automat-
ic biochemistry analyzer, whereas plasma levels
of tumour necrosis factor-o (TNF-a) and brain
natriuretic peptide (BNP) were measured by en-
zyme-linked immunosorbent assay (ELISA).

Testing of Brachial Artery Endothelial
Function

At study enrolment and after three months of
treatment, colour ultrasonography diagnostic ex-
aminations were performed on age- and gender-
matched DCM patients to assess brachial artery
endothelial function and determine the baseline
internal diameter (D,), reactive hyperaemia di-
ameter (D)), and nitroglycerine-influenced diam-
eter (D,) of this brachial artery. The percentage
change in flow-mediated vasodilation (FMD)
was calculated using the formula FMD (%)=(D,-
D,)/Dyx100%, whereas the change in vascular
diameter after the sublingual administration of
nitroglycerine (NTG) was calculated using the
formula NTG-MD(%)=(D,-D,)/Dyx100%.

Evaluation of Left Ventricular Function
At the time of enrolment and after six months
of treatment, the left ventricular function of each
patient in both treatment groups was evaluated
using the NYHA classification system. In addi-
tion, for each patient, left ventricular end-dias-
tolic diameter (LVEDD) and left ventricular end-
systolic diameter (LVESD) were determined, and
left ventricular ejection fraction (LVEF) was
measured using the biplane Simpson method.

Evaluation of Safety and Follow-up

Drug safety was evaluated by monitoring the
liver function, kidney function, and creatine kinase
levels of study participants at the enrolment time
and after six months of treatment. Patients were
followed-up for the subsequent six to eighteen
months to observe the long-term effects of allop-
urinol on cardiac events. For the purpose of this
study, cardiac events were defined as cardiovascu-
lar death and hospitalization for heart failure.

Statistical Analysis

The SPSS 17.0 software (SPSS Inc., Chicago,
IL, USA) was used to establish a database. Data
are expressed as means + standard deviation (+s).
Independent-samples t-tests were employed for
between-group comparisons of count data, and ?
tests were utilized for between-group compar-
isons of rates. Count data before and after the
treatments were compared using paired-samples
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Table I. Clinical data comparison of the allopurinol and
control groups.

Control Allopurinol

group group
Index (n=63) (n=62)
Age 55.3+14.7 485+ 12.4
Male (%) 47 (74.6) 45 (72.6)
Aetiology
CAD (%) 36 (57.1) 35 (56.5)
DCM (%) 14 (22.2) 15 (24.2)
Other (%) 13 (20.7) 12 (19.3)
Course (year) 6.2+3.9 5.8+2.3
Pharmacotherapy
ACEIs (% 82.6 81.3
ARBs (%) 19.4 16.9
B-blockers (%) 90.3 96.5
Diuretics (%) 80.6 93.3
Digoxin (%) 58.4 56.7
Statins (%) 355 32.7

t-tests. Parameter relationships were assessed by
linear regression analysis. p<0.05 was considered
statistically significant.

Results

Clinical Data

There were no significant differences be-
tween the two treatment groups with respect to
the various baseline conditions that were exam-
ined, including age, gender, aetiology, disease
course, and clinical indicators. The two treat-
ment groups also featured similar percentages
of patients who used various types of standard
anti-heart failure drugs, including ACEIs and
B-blockers (Table I).

Changes in Cardiac Function

For the study participants, plasma BNP levels
were significantly correlated with NYHA func-
tional class and LVEF (p<0.01). After six
months of treatment, the patients in the allopuri-
nol group exhibited significantly improved NY-
HA functional classes, decreased plasma BNP
levels, reduced left ventricular internal diame-
ters, and increased LVEF values (p<0.01 for
these parameters). But the patients in the control
group displayed improved NYHA functional
classes (p<0.05) without a significant increase in
LVEF values. No significant change from pre-
treatment baseline was observed for blood sugar
and blood pressure in either group after six
months of treatment (Table II).

Changes in Brachial Artery Endothelial
Function

Relative to baseline levels, the FMD levels of
DCM patients in the control group did not
change significantly after three months of treat-
ment (p>0.05), whereas the FMD levels in the
experimental group increased significantly after
three months of drug treatments that incorporated
allopurinol therapy (p<0.01). No significant
change in NTG-MD values was observed for
both groups after three months of treatment
(Table IIT).

Changes in Plasma TNF-o. Levels

Compared to the baseline, the plasma TNF-a
levels of patients in the control group were not
significantly changed after six months of treat-
ment, whereas the plasma TNF-a levels of pa-
tients in the allopurinol group were significantly
decreased after six months of allopurinol-en-
hanced treatment (p<0.01) (Table IV).

Table II. A comparison of cardiac function in the allopurinol and control groups after six months of treatment.

Baseline Control group Allopurinol group
Index (n=125) (n=63) (n=62)
NYHA 2.45 +0.50 2.33+041" 2.02 £0.30"
BNP (pmol/L) 1157.4 +£554.4 911.2 +406.5 544.7 + 377.8"
LVEDD (mm) 66.0 8.3 64.8 9.7 62.5+9.8"
LVESD (mm) 543 +10.4 527+11.5" 49.1 = 12.3™
LVEF (%) 37.7+12.0 40.1+11.3 44.5 £ 12,7
Systolic pressure (mmHg) 1135+ 184 1134 +£14.2 1145+ 17.6
Diastolic pressure (mmHg) 742+ 11.1 71.8+9.8 73.8+11.6
Fasting plasma glucose (mmol/L) 5.15+0.47 5.24 £0.56 5.21+0.39

“p<0.05 compared to baseline; “p<0.01 compared to baseline; p<0.01 compared to control group.
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Table Ill. A comparison of brachial artery endothelial function in the allopurinol and control groups after three months of

treatment.
Baseline Control group Allopurinol group

Index (n=29) (n=14) (n=15)

DO (mm) 3.58 £0.57 3.55+0.44 3.69+045

D1 (mm) 3.75+£0.54 3.70 £0.42 4.07£0.39
FMD (%) 475 +£2.40 423+£3.52 10.46 + 4.28"
D2 (mm) 420+0.48 4.17 £0.40 429 +0.45
NTG-MD (%) 17.52 £2.87 17.46 £5.16 15.95+£6.02

“p<0.01 compared to baseline; “p<0.01 compared to control group.

Table IV. A comparison of blood biochemical indicators in the allopurinol and control groups after six months of treatment.

Baseline Control group Allopurinol group
Index (n=125) (n=63) (n=62)
UA (umol/L) 321.4+425 327.9 +58.1 305.6 +£52.9
TNF-a (ng/L) 27.2+16.0 26.5+11.1 20.3 + 14.0"*
ALT (U/L) 28.4+13.6 269+9.0 27.5+11.2
Cr (wmol/L) 81.3+18.6 85.7+19.2 82.8 +25.1
CPK (U/L) 79.1 £41.6 85.1£32.0 88.3£34.9

“p<0.01 compared to baseline; “p<0.01 compared to control group.

Safety Analysis

Baseline serum uric acid levels were within
the normal range for both treatment groups. After
six months of treatment, the allopurinol group
demonstrated no significant decrease in serum
uric acid levels or increase in creatine kinase lev-
els. Moreover, no sign of hepatic or renal dys-
function was observed in the allopurinol group
(Table IV). One patient discontinued treatment
due to allergic dermatitis.

Cardiac Events

All patients were followed-up for 6 to 18
months after the conclusion of treatment (with an
average follow-up duration of 9.6+2.2 months)
with the exception of one patient who was lost. A
total of seven patients experienced cardiac
events, including two patients from the allopuri-
nol group who were hospitalized for heart fail-
ure. From the control group, one patient died
from heart failure, and four patients were hospi-
talized for heart failure.

Discussion

The benefits of allopurinol for patients with
chronic heart failure have been confirmed by

several basic research studies®>!*?. Our previous
animal experiments have also illustrated the re-
lated mechanism?'. Many recent clinical works
have started to use allopurinol to treat heart fail-
ure patients’>*, These reports have demonstrated
that independent of a reduction in serum uric
acid levels, the long-term administration of high
doses of allopurinol (>300 mg/day) can improve
vascular endothelial function by lowering oxida-
tive stress, and significantly reducing mortality
and hospitalization rates among heart failure pa-
tients'''>. However, certain papers have also in-
dicated that allopurinol does not improve cardiac
function or cardiac-related clinical events among
the general population of patients with moderate
or severe heart failure but instead only provides
benefits to hyperuricaemic heart failure pa-
tients'”.

Since serum uric acid is an independent risk
factor for cardiovascular events*'*?, current
study utilized a prospective controlled design to
examine the effects of allopurinol on randomly
selected non-hyperuricaemic patients with chron-
ic heart failure. To account for drug safety con-
siderations, a treatment plan was devised that in-
corporated a conventional dose of allopurinol
(300 mg/day). Results indicated that the addition
of allopurinol to standard drug regimens for six

759



J. Xiao, S.-B. Deng, Q. She, J. Li, G.-Y. Kao, J.-S. Wang, Y. Ma

months could significantly improve cardiac func-
tion in patients with chronic heart failure. More-
over, six months of treatment produced no signif-
icant decrease in serum uric acid levels in either
the control or the allopurinol treatment group,
confirming that the observed benefits of allopuri-
nol treatment were independent of a reduction in
serum uric acid levels.

A sustained increase in TNF-a level is an im-
portant indicator of the deterioration of cardiac
function?, and its expression is regulated by ox-
idative stress*’. Our report provides the first con-
firmation that the six months of allopurinol (300
mg/day) treatment can reduce the plasma TNF-a
level of heart failure patients. This effect may re-
late to the ability of allopurinol to reduce the
ROS that are upstream regulatory factors of
TNF-o. In addition, oxidative stress can lead to
peripheral vascular endothelial dysfunction in
heart failure patients®®. To exclude the impact of
various factors, such as diabetes mellitus, hyper-
tension and CAD on vascular endothelial func-
tion, we selectively examined the effects of al-
lopurinol on peripheral vascular endothelial
function in heart failure patients with DCM that
was not accompanied by significant complica-
tions. The results of this examination revealed
that allopurinol improved endothelium-depen-
dent vasodilation in DCM patients with heart
failure but did not affect non-endothelium-
dependent vasodilation. These findings are con-
sistent with previous reports'*!. Although it has
gradually become evident that allopurinol treat-
ment can benefit patients with heart failure, the
safety of clinical application of allopurinol must
be considered's.

Conclusions

Our results demonstrated that the administra-
tion of allopurinol (300 mg/day) for six months
to treat heart failure did not appear to increase
creatine kinase levels or affect hepatic or renal
functions of patients. The observation time peri-
od of this study was short, and this investigation
chose to examine patients with chronic heart fail-
ure who were in relatively stable condition.
Thus, the findings of the current study cannot be
generalized to all patients. Further studies are re-
quired to assess the specific circumstances for an
individual patient that could manage the drugs
and dosages to be administered for the treatment
of heart failure.
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