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Summary

Objectives: Although significant progress has been made in treatment of patients with acute coronary
syndromes (ACS) sometimes outcomes remain unsatisfactory even after early reperfusion. There is experimental
data on anti-ischemic properties of bioflavonoid quercetin and its capability to limit size of myocardial infarction
(MI) and to prevent left ventricular (LV) remodeling. We have hypothesized that addition of intravenous
quercetin to standard therapy would limit size of infarction in patients with acute ST-segment elevation
myocardial infarction (STEMI).

Design and Methods: In open-label trial patients admitted for acute STEMI within 6 hrs from symptoms
onset were randomized either to quercetin (n = 93) or to control group (n = 105). Quercetin infusion was started
within 30 minutes after admission and was repeated during 5 days. All patients received standard therapy and
were consented. Echocardiography was performed on the 1st and 10th day after admission. Mass of necrotic
myocardium was calculated using serial serum CK-MB measurements. Diene conjugates and leukotriene C4

(LTC4) were assessed at 2, 24, 96, 120, 216 hrs from start of quercetin infusion. Statistical analyses were performed
using SPSS 11.0.

Results: Received data proves that quercetin inhibits lipoxygenase activity in vivo and causes remarcable
decrease in LTC4. Steady decrease in serum diene conjugates was observed in quercetin group (p < 0.05). Mass
of myocardial necrosis was 26.4% less in treatment than in control group (45.4 ± 2.1 and 61.6 ± 2.9 g/eq, p <
0.001. Echocardiographic data suggests that early administration of quercetin impacts cardiac hemodynamics
preventing LV dilatation and increasing ejection fraction.

Conclusion: Quercetin decreases serum concentration of leucotriene C4 and inhibits lipids peroxidation.
Early administration of quercetin in patients with STEMI decreases mass of myocardial necrosis and facilitates
improvement of LV contractility.
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Early reperfusion of cardiac tissue is now con-
sidered to be the most efficacious strategy in
the prevention of progression towards necrosis
of cardiac myocyte and in restoring the cellu-
lar function altered by ischemia [1–6]. Functional
recovery is not immediate and often depends
on the extent of reperfusion injury [2]. Contrac-
tile dysfunction (stunning) may last for several
hours or even days after the start of reperfusion
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[7,8]. Cellular mechanisms underlying the reper-
fusion syndrome may involve over-production of
oxygen-derived free radicals, acidosis and/or the
development of the inflammatory reaction and
cellular Ca2+ overload [9].

Previous experimental studies have shown that
the use of the bioflavonoid quercetin i.v. form
is associated with anti-ischemic effects, limita-
tion of left ventricular (LV) remodelling and sta-
bilization of cardiomyocyte membranes [10–13].
The existing data suggests lipoxygenaze blocking
properties of quercetin [10,13]. The aim of the
present study was to investigate whether the ad-
dition of intravenous quercetin to standard ther-
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apy would limit the infarct size of patients with
acute ST-segment elevation myocardial infarction
(STEMI).

Methods

In order to evaluate the efficacy of the intra-
venous form of quercetin, 198 consecutive pa-
tients with STEMI (mean age 53.2 ± 0.7 years)
were hospitalised within the first 6 hours (3.7 ±
0.1 hours) from the onset of the symptoms. Pa-
tients were randomised to the quercetin group
and received iv quercetin (n = 93), or to the con-
trol group (n = 105). The infusion of quercetin
was started within 30 minutes after admission
and was further performed repeatedly during
5 days using an original scheme. All the patients
gave informed consent, the study was approved
by local ethics committee.

Inclusion criteria were: signs and symptoms of
ST-segment elevation acute myocardial infarction
(AMI), randomisation within 6 hours from the
onset of the symptoms, age ≥ 21 years. Exclusion
criteria were: cardiogenic shock (Killip IV), de-
compensated diabetes mellitus, uncontrolled hy-
pertension, hepatic and severe renal insufficiency
(serum creatinine ≥ 265 µmol/l) and coagulopa-
thy.

All the patients underwent 2D echocardiogra-
phy on the 1st and the 10th day after admission.
The mass of necrotic myocardium was calculated
using serial serum CK-MB measurements. Diene
conjugates and leukotriene C4 (LTC4) were as-
sessed repeatedly at 2, 24, 96, 120, 216 hours from
the start of quercetin infusion. Statistical analyses
were performed using SPSS 11.0 software.

Results

The study groups did not differ in terms of
demographic characteristics (sex, age), time to ad-
mission and main clinical characteristics (history
of hypertension, angina and prior MI). All the

patients received conventional therapy at the dis-
cretion of a physician. The summary of received
treatments is presented in Table 1.

Study results have demonstrated substantial
inhibition of lipids super-oxidation which was
associated with steady decrease in the serum di-
ene conjugates level which is detectable already
at 2 hours after the start of drug infusion with
maximal effect achieved at the 5th day of MI (Fig-
ure 1). This pattern persisted throughout the 10-
days study period. Furthermore, our data proved
that quercetin inhibited lipoxygenase activity in
vivo and rendered significant decrease in LTC4

levels during the entire study period (Figure 2).
Peak levels of CK-MB were similar in both

study groups and comprised 0.23 ± 0.01 mccat/l
in the quercetin and 0.26 ± 0.01 mccat/l – in the
control groups. This implies that patients were
comparable in terms of baseline infarct size. Time
to the peak of CK-MB was greater in the con-
trol group (13.9 ± 0.6 vs 9.9 ± 0.4 hours in the
quercetin group, p < 0.001). The mass of myocar-
dial necrosis calculated using the dynamics of
serum CK-MB was 26.4% less in the treatment
rather than in the control group (45.4 ± 2.1 and
61.6 ± 2.9 g/eq, p < 0.001), which resulted from
the shortening of CK-MB normalization times
in the quercetin group as compared to the con-
trol group (37.5 and 49.0 hours, respectively, p <
0.001) (Figure 3). Relatively early the peak of

Table 1.
Concomitant medications and procedures

Quercetin Control P-value

(n = 93), % (n = 105), %

TLT 45.2 48.6 NS

PTCA 27.9 20.0 NS

Aspirin 100.0 96.2 NS

Beta-blockers 98.9 95.2 NS

ACE inhibitors 69.9 79.0 NS

Heparin 98.9 98.1 NS

Nitrates 95.7 88.0 NS

PTCA – percutaneous transluminal coronary angioplasty; TLT
– thrombolytic therapy.

Figure 1. Dynamics of diene conjugates in patients with acute myocardial infarction.
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Figure 2. Dynamics of leucotriene C4 in patients with acute myocardial infarction.

Figure 3. Infarct size index and normalization time of CK-MB.

CK-MB activity could possibly result from more
rapid formation of the necrotic zone and the
shortening of normalization times and may be as-
sociated with the prevention of further damage
of cardiac myocytes in the quercetin group. The
comparison of the infarct size index in the study
groups is represented in Figure 4.

Echocardiographic data suggests that early ad-
ministration of quercetin impacts cardiac hemo-
dynamics preventing left ventricular dilatation.
During 10-days study period end-diastolic in-
dex (EDI) and end-systolic indices remained un-
changed in quercetin group whereas trend to-
wards increase in EDI was observed among con-
trols. LV ejection fraction significantly increased
in the treatment group (8.8%, p < 0.05) and
slightly increased in the control group (5.9%,
p > 0.05) (Figure 5).

Discussion

Despite substantial progress in the treatment
of patients with acute coronary syndromes (ACS)
has been made, mortality following STEMI re-
mains high [14]. The use of conventional med-
ical therapies such as antiplatelets, anticoagu-
lants, β-blockers, nitrates is not always effica-
cious [15]. Although the early use of revascu-

Figure 4. Limitation of infarct size index in patients with
acute ST-segment elevation myocardial infarction. PTCA – per-
cutaneous transluminal coronary angioplasty; TLT – throm-
bolytic therapy.

Figure 5. Dynamics of left ventricular ejection fraction.
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larization techniques and thrombolytic therapy
improves outcomes of the patients with STEMI
[4,14], sometimes complete restoration of coro-
nary blood flow cannot be achieved. Reperfusion
injury and no-reflow syndrome have been de-
scribed as a phenomena associated with poor tis-
sue perfusion.

Prevention of complications of ACS requires
limitation of metabolic disorders, which occur
in cardiomyocytes from the first minutes of is-
chemia and lead to further progressive myocytes’
damage [16]. Therefore myocardial protection
techniques from ischemia-reperfusion are being
extensively developed [17–19].

Whereas early studies on cardioprotection con-
centrated on the exploration of metabolic proper-
ties of hemodynamically active drugs, nowadays
attention is focused on antioxidants, inhibitors
of catabolic enzymes and membrane-protective
drugs [17]. It has been established that in the set-
tings of acute coronary syndromes phospholipase
activation is associated with degradation of the
phospholipids membrane bi-layer and accumula-
tion of unsaturated fatty acids (e.g., arachidonic
and linolenic acids). The above process along
with the activation of oxidases (e.g., lipoxyge-
nase) leads to the three important consequences
such as: (1) synthesis of biologically active sub-
stances (leukotrienes, lipoxines, lysophospho-
lipids) with pronounced coronaroconstrictory,
procoagulant, arrhythmogenic and chemoattrac-
tory properties; (2) synthesis of free radicals, espe-
cially lipoxygenase-induced; (3) accumulation of
polymorphonuclear neutrophils – cells with sig-
nificant super-oxidative, lipoxygenase and prote-
olytic properties. The described pathways form a
vicious circle and further progression of ischemic
cell injury. It could be assumed that the distor-
tion of above relationships via the inhibition of
such enzymes as phospholipase A2, lipoxygenase
and therefore inhibition of peroxidation could be
important in the treatment of AMI and reperfu-
sion syndrome. Worthy of note, that the speed of
the development of metabolic disorders requires
urgent therapy which could be achieved using in-
travenous route of administration of drugs.

Distinctive features of an intravenous form of
quercetin are potent anti-oxidative effect, inhibi-
tion of enzymes responsible for membrane sta-
bility (especially lipoxygenase), modulation of ni-
tric oxide levels in damaged tissue and in blood-
stream and protection of membrane-associated
enzymes responsible for cell ion homeostasis [2].
It has been demonstrated that quercetin inhibits
several anti-oxidizing enzymes, namely lipoxy-
genases [11–13]. A soluble intravenous form of
quercetin is relatively new and was developed in
late 90-ties. As the results of non-human exper-

imental research and in vitro data may not be
readily translated into clinical practice, we have
studied several metabolic effects of quercetin in
patients with acute STEMI.

Our study proved that quercetin inhibits lip-
oxygenase in vivo and has anti-oxidative activ-
ity decreasing serum levels of diene conjugates.
This possibly results in the decrease of myocardial
susceptibility to ishcemia/reperfusion. As it has
been already noted derivatives of lipoxygenase
pathway of arachidonic acid metabolism (leuko-
trienes, lipoxines) are powerful vasoconstrictors,
they stimulate platelet aggregation and have pro-
arrhythmic properties [17].

The extent of necrosis and the speed of for-
mation of the necrotic zone are the main fac-
tors determining the prognosis of patients with
STEMI [1,2,5,15]. There is a body of evidence that
enzymatic estimates of the infarct size correlate
with functional and clinical outcomes of AMI pa-
tients [20,21]. Therefore, our data on infarct size
limitation as a consequence of quercetin use has
a sufficient theoretical and experimental back-
ground. There is close relationship between the
infarct size and the development of heart failure
or the onset of cardiac arrhythmias [19]. Timely
protection of viable myocardium from progres-
sive injury could be capable of infarct size limita-
tion [8] and prevention of left ventricular remod-
elling [22]. This hypothesis has been supported
by our study results, which demonstrate positive
trends in cardiac hemodynamics in the quercetin
group as compared to the control group.

Study limitations
This study was randomised but open-labelled

and might involve a certain extent of biases asso-
ciated with this matter. The study was conducted
on a relatively small sample size and did not al-
low extensive subgroup analyses.

In addition, although differences among the
study groups in concomitant treatments did not
reach statistical significance in the quercetin
group, percutaneous coronary intervention was
performed 7.9% more often. On the other hand,
the control group received ACE inhibitors 10%
more frequently and 8% less nitrates which might
have some influence on the study results.

Conclusions

An intravenous form of bioflavonoid quercetin
irreversibly blocks lipoxygenase pathway of ara-
chidonic acid metabolism, decreases serum con-
centration of leucotriene C4 and inhibits lipids
peroxidation diminishing levels of diene conju-
gates. Early administration of intravenous quer-
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cetin in patients with ST-segment elevation my-
ocardial infarction decreases the mass of my-
ocardial necrosis and shortens time to peak and
normalization of CK-MB. Quercetin prevents left
ventricular dilatation and facilitates the improve-
ment of left ventricular contractility. Study re-
sults give the background for further randomised
placebo-controlled multicenter study for the effi-
cacy of quercetin in the settings of acute coronary
syndromes.
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