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Introduction

Ibuprofen (Fenbid) is a non-steroid anti-inflammatory

Abstract

Aim: The aim of the present study was to investigate the electrophysiological
effect of ibuprofen on the cardiac action potentials (AP) and electrocardiograms
(ECQ), and to identify its arrhythmiogenic mechanism. Methods: The intracellular
microelectrode recording technique was employed to record the fast- and slow-
response AP in guinea pig papillary muscles. The cardiac responses of ibuprofen
were monitored by ECG, both in in vivo and in vitro studies. Results: The ECG
recording revealed that ibuprofen could induce arrhythmias, both in vitro and in
vivo. Fatal ventricular fibrillations are readily produced in in vitro experiments by
ibuprofen. Our results show that ibuprofen could dose dependently shorten the
duration of AP and the effective refractory period (ERP), and it could also de-
crease the maximum depolarization velocity of phase 0 (V) in both the fast- and
slow-response AP. The duration of the QRS complex wave (QRS duration) in
ECG was prolonged. Although the heart rate was depressed by ibuprofen, the
corrected QT interval duration (QTc) decreased. Conclusion: Ibuprofen could
inhibit cardiac Na* and Ca®' channels as it slows V,, in both fast- and slow-
response AP. Furthermore, ibuprofen shortens the ERP and decreases the exci-
tation propagation within the heart, which might provide a substrate for an
arrhythmiogenic re-entry circuit. Taken together, we conclude that ibuprofen,
when used improperly, may impose a potential hazard in inducing cardiac
arrhythmias in patients with existing heart diseases.

ity brought all COX inhibitors under the spotlight and raised
the question as to whether they could lead to elevated car-
diovascular risk.

drug (NSAID) often used to relieve fever and the symptoms
of arthritis. Low doses of ibuprofen (200-1200 mg/d) are
available over the counter in many countries as an analgesic.
Its mechanism of action is believed to non-selectively in-
hibit both variants of cyclooxygenase (COX-1 and COX-2)
and thus block prostaglandin synthesis. However, unlike
aspirin, which also blocks both COX isoforms and prevents
blood clotting, ibuprofen does not have antiplatelet effects
and thus is not routinely used to prevent cardiac infarction.

The wide use of ibuprofen attributes to its lowest inci-
dence in causing gastrointestinal dysfunction, a side-effect
common to all non-selective COX inhibitors. Despite this
advantage, the recent withdrawal of selective COX-2 inhibi-
tor Vioxx (Merck & Co, Inc, Whitehouse Station, New
Jersey, USA). from the US market due to its cardiac toxic-
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The initial study of potential cardiac toxicity in an
ibuprofen cohort identified significantly higher rates of life-
threatening ventricular arrhythmias and cardiac arrest than
those in the control naproxen cohort!". To date, with the
extensive use of ibuprofen, the number of frequent ventricu-
lar premature beats, atrial fibrillation™, and other untoward
cardiac reactions have been reported as increasing steadily™®.

In spite of these clinical studies and case reports, very
little work has been done to characterize the electrophysi-
ological effects of ibuprofen on the animal heart. In the
present study, we used isolated guinea pig hearts to identify
the arrhythmiogenic effects of ibuprofen on the electrocar-
diogram (ECG); we examined its effects on the fast- and slow-
response cardiac action potentials (AP), and analyzed its
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dynamic process of combination and dissociation with the
Na* channels. In conclusion, our results demonstrate for
the first time that ibuprofen, a non-selective COX inhibitor,
may induce cardiac arrhythmias by shortening the effective
refractory period (ERP) and decreasing the excitation
propagation.

Materials and methods

Solution preparation In total, 300 mg ibuprofen was dis-
solved in 5 mL DMSO to make a stock solution of 60 mg/mL.
The stock solution would be further diluted to the designed
concentrations in the Tyrode’s solution. The normal Tyrode’s
solution for perfusing the cardiac ventricular cells of guinea
pigs consisted of the following (in mmol/L): 137 NaCl, 23
NaHCO;, 0.5 MgCl,, 5.4 KCl, 1.8 CaCl,, 0.4 NaH,PO,, and 10
glucose, pH 7.4+0.05. The Tyrode’s solution for the rabbit
sinus node preparations consisted of the following (mmol/L):
140 NaCl, 1.0 MgCl,, 5.4 KCl, 1.8 CaCl,, 5 HEPES, and 10
glucose, pH 7.4+0.05. Both solutions were gas-saturated by
95% O,+ 5% CO, and 100% O,, respectively.

ECG recording and measurement in vivo Guinea pigs of
either sex (weighing approximately 500 g) were anesthe-
tized by an intraperitoneal injection (ip) of urethane (20%,
5 mL/kg). Needle electrodes, inserted subcutaneously, were
used to record the ECG of standard limb lead II. The RR
interval, QRS duration, QT interval, and heart rate variation
(HRV) were measured, respectively. The corrected QT in-
terval (QTc) was calculated with the Bazett formula
(QTc=QTxRR"?) to reduce the influence of the fluctua-
tion of the heart rate on the measurement of the QT interval.
Different concentrations of ibuprofen were injected into
the external jugular vein to evaluate its effects on the heart.

ECG recording in isolated heart The hearts of the
anesthetized guinea pigs were quickly taken out of the chest
and perfused with Langendorff perfusion set-up at a re-
corded pressure of 80 cmH,0. The temperature of the
Tyrode’s solution was maintained at 37+0.5 °C. Three plati-
num electrodes placed on the cardiac apex, right atrium,
and aortic root were used to record the ECG. The signals
were documented on computer using the PowerLab sys-
tem (PowerLab ML135, ML 785, ADInstruments Castle
Hill, NSW, Australia). The RR interval, QRS duration, QT
interval, and QTc were analyzed.

Preparation of guinea pig papillary muscles Guinea pigs
of either sex (weighing approximately 250~300 g) were sacri-
ficed by venesection under deep anesthesia with an injec-
tion of sodium pentobarbital (35 mg/kg, ip). The hearts were
rapidly removed into the dissection chamber filled with the
Tyrode’s solution. The right ventricular papillary muscles
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were excised and pinned to the bottom of a recording chamber.
The recording chamber was perfused with the Tyrode’s so-
lution at a constant rate of 3 mL/min and maintained at a
temperature of 37+0.5 °C.

Recording of fast-response AP Bipolar platinum elec-
trodes were used to drive the preparations with rectangular
current pulses at a stimulation frequency of 1 Hz. Each pulse
lasted for 0.1 ms, with the amplitude approximately 1.5 times
the threshold value. After 30 min stimulation, transmembrane
AP were recorded by a conventional glass microelectrode,
which was filled with 3 mol/L KCI and had a tip resistances of
15-20 MQ. The records were sampled and stored in the
computer through the amplifier (MEZ8201, Nihon Kohden,
Tokyo, Japan) and PowerLab interface (PowerLab ML785,
ADInstruments, Australia)!”.

The calculated parameters for the fast-response AP in-
cluded the resting potential (RP), AP amplitude (APA), maxi-
mum upstroke velocity of phase 0 (V,,,), AP duration at 50%
and 90% repolarization (APDs, and APD,,), and the ERP.

The preparations were driven by a series of 8 stimuli
pulses at a frequency of 1 Hz. Then an additional pulse was
added following the eighth one. Adjusting the time interval
between the eighth and the extra stimulation pulse, the mini-
mum interval for the evoked AP by the extra stimulus would
be calculated as the ERP.

Measurements of time constants for ibuprofen combined
with and dissociated from fast Na* channels The prepara-
tions were stimulated at a frequency of 1, 2, and 3 Hz,
respectively. For each frequency, the stimulation would last
until the V,,, decreased gradually to a steady state, which
could indicate the dynamics of the combination of ibuprofen
with the fast Na* channels after repetitive activation of the
channels. The first-order exponential decay equation was
employed to fit the relationship between the decreased V,,,,
values and the duration of the stimuli. The time constant
(t.n) thus obtained is the index of the combination dynamics
of ibuprofen with the fast Na" channels. Origin 6 software
(Microcal Software, Northampton, MA, USA) was used to
analyze the data.

With a similar protocol, the preparations were activated
for 30 s ata frequencyof 1, 2, or 3 Hz, respectively. After the
V. Tor each frequency decreased to a steady state, a vari-
ous delayed supra-threshold stimulus was added to invoke
an additional AP, and the V,,,, of the first evoked AP with
various delays were measured. As the drug needs time to
dissociate from the channels, it was found that the longer
the retardation time for evocation, the greater the ¥, of the
evoked AP. The relationship of the V,, value and the retar-
dation time was fitted by the first-order exponential decay
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equation. The time constant (t,;) would represent the dis-
sociation index of ibuprofen from the Na* channels.

Recording of slow-response AP of guinea pig papillary
muscles When the preparations were perfused with the
Tyrode’s solution containing 27 mmol/L KCl, the resting
potential would gradually change to approximately -45 mV.
The Na' channels would be inactivated at this membrane
level. After 0.4 mg/Lisoprenaline was added into the Tyrode’s
solution and a stronger stimulus was employed to the
preparation, the slow-response AP, which were evoked by
the slow inward current of the Ca*" rather than the Na”
channels, could be initiated™.

Spontaneous AP of rabbit sinus node cells Adult rabbits
of either sex were anesthetized by injection of sodium pento-
barbital (1%, 3 mL/kg). The hearts were removed to a cham-
ber containing the Tyrode’s solution. The sinus nodes were
excised from the heart and pinned to the bottom of the re-
cording chamber, which was perfused with the special
Tyrode’s solution for sinus nodes. An intracellular micro-
electrode (containing 3 mol/L KCl with a tip resistance of 25
MQ) was employed to record the spontaneous AP of the
sinus node cells. The parameters of AP were sampled with
the same method as described in fast-response AP. The
spontaneous beating rate, APA, APD, V,,., and spontane-
ous depolarization rate of phase 4 (SDR) were calculated,
respectively.

Statistical analysis All ofthe data were sampled by Chart

i

N

100 ms

0.5mV

Table 1. Dose-dependent effects of ibuprofen on ECG of guinea pigs
in vivo. n=6. Mean=SD. °P<0.05, °P<0.01 vs control. QTc=QTxRR "2,

Ibuprofen (mg/kg) QRS (ms) RR (ms) QT (ms) QTc
Control 13«1 230+4 130+4 271+4
2 14+2 237+5 128+5 263+5
5 15+2 247+5° 125+4 252+£5¢
10 17+2° 256+6° 124£3%  245+5¢
20 19+2° 260+£5°¢ 122£3%  239+4¢
25 20+1° 268+£5°¢ 119+3°  230+4°

5 software (ADInstruments, Australia). Origin 6 was used
for the statistical analysis. The results were expressed as
mean+SD. Statistical significance was determined by
Student’s #test for paired data. P<0.05 was considered sta-
tistically significant.

Results

ECG from anesthetized guinea pigs ECG of standard
limb lead II from urethane-anesthetized guinea pigs were
recorded. Every 10 min, ibuprofen was consecutively in-
jected into the external jugular vein to reach a concentration
of 2, 5, 10, 20, 25 mg/kg, respectively (Table 1; Figure 1A).
After 25 mg/kg ibuprofen, ECG exhibited a marked increase

Figure 1. Ibuprofen affected ECG from anesthetized guinea pigs and induced ventricular fibrillation. (A) effect of ibuprofen on ECG from

anesthetized guinea pigs. (a) control; (b) 10 min after 25 mg/kg ibuprofen vein injection. (B) ibuprofen (25 mg/kg) induced ventricular fibrillation on ECG

of guinea pigs.
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o

Figure 2. Ibuprofen affected ECG in isolated hearts and induced ventricular fibrillation. (A) Effects of ibuprofen on ECG in the isolated guinea

pig hearts. (a) control; (b) 10 min after 40 mg/L ibuprofen. (B) ibuprofen (40 mg/L) induced ventricular fibrillation on ECG of the isolated guinea pig hearts.

of the QRS duration (from 13£1 ms to 20£1 ms vs control) and
RR intervals (from 230+4 ms to 268+5 ms) with percentage
changes of 53.8% and 16.5%, respectively. However, the
QTc decreased from 271+4 ms to 230+4 ms by a significant
change of 15.1%. A HRV analysis showed that the main
parameters of HRV (including the standard deviation of the
RR intervals (SDNN), the low frequency power density com-
ponent (LF), the high frequency power density component
(HF), LF/HF ratio (LF/HF)] were not changed significantly
after an intravenous injection of ibuprofen. In order to ex-
clude the possible effect from DMSO, we performed the 5
control experiments, with an intravenous injection of DMSO
(417 pL/kg) alone, 50 min after the injection of DMSO, QRS
(ms), RR (ms), QT (ms), and QTc were measured. These
did not change significantly on the ECG of the guinea
pigs: 13.7+0.7,213+7,119+11, and 259+14 t0 13.8+0.6, 20649,
123£13, and 272+18, respectively. The results indicate that
DMSO has no significant effect on the ECG of guinea pigs in
vivo (P>0.05).

Premature contractions and ventricular fibrillations oc-
curred in some animal experiments. Ventricular fibrilla-
tions occurred in 2 of 6 guinea pigs, which later recovered
with an injection of a low dosage of ibuprofen (5 or 10
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mg/kg); 25 mg/kg ibuprofen induced fatal ventricular fibrilla-
tions in another two guinea pigs (Figure 1B).

Effects of ibuprofen on ECG in isolated hearts The
isolated guinea pig hearts were perfused with the Tyrode’s
solution. Every 10 min, the heart was consecutively per-
fused with ibuprofen at concentrations of 5, 10, 20, 40, and 80
mg/L respectively, while the ECG was recorded. The re-
sults in Table 2 show that like the in vivo experiments,
ibuprofen could prolong the duration of the QRS wave and
the RR interval (Figure 2A). Although ibuprofen decreased
the heart rate, it shortened the QT interval, especially the
QTc. When the hearts were exposed to 20 mg/L ibuprofen,
some ECG showed arrhythmias (especially ventricular pre-
mature contractions), but most disappeared within 30 min.
With 40 mg/L ibuprofen, ventricular fibrillations occurred
in 3 of 7 experiments and recovered later after washing out
with the control Tyrode’s solution. In another experiment
with a higher concentration of ibuprofen (80 mg/L), 2 hearts
stopped beating after sustained ventricular fibrillations
(Figure 2B).

Effects of ibuprofen on fast-response AP of guinea pig
papillary muscles In order to get a stable recording of fast-
response AP, the papillary muscles of the guinea pigs were
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Table2. Effects of ibuprofen on ECG in isolated hearts. ®P<0.05,°P<0.01 vs control. n=7. Mean+SD. QTc=QTxRR™"?,

Ibuprofen (mg/L) QRS (s) RR (s) Heart rate (min™) QT (s) QTc (s)
Control 0.013+0.001 0.286+0.006 21044 0.197+0.005 0.368+0.008
5 0.015+0.002 0.298+0.007 201+5 0.195+0.005 0.357+0.007
10 0.015+0.001 0.321+0.010° 187+4° 0.195+0.007 0.344+0.007°
20 0.016+0.001° 0.334+0.009°¢ 180+4° 0.193+0.006 0.334+0.005"
40 0.020+0.002°¢ 0.345+0.008° 174+4¢ 0.191+0.005 0.325+0.005°¢
80 0.022+0.002°¢ 0.355+0.010°¢ 169+3°¢ 0.184+0.004° 0.309+0.006°¢
Wash-out 0.015+0.002 0.327+0.09° 183+5° 0.193+0.005 0.338+0.006°

stimulated at a frequency of 1 Hz for approximately 30 min.
Then the preparations were perfused consecutively with 10,
20, 40, and 80 mg/L Tyrode’s solution containing ibuprofen.
Each performance lasted for 10 min. The results are shown in
Figure 3 and Table 3. Ibuprofen can dose dependently shorten
the APD,, by 30.9% (from 165.8+12.5 ms to 114.5+£6.4 ms),
APD,, by 25.6% (from 203.4+14.3 ms to 151.3+£9.8 ms), V..
by 14.7% (from 225.4+11.3 V/sto 192.2+9.6 V/s), and ERP by

0 mV

20 mV

50 ms

Figure 3. Dose-dependent effect of ibuprofen on AP from papillary
muscles of guinea pigs. (a) control; (b) 10 min after 10 mg/L ibuprofen; (c)
10 min after 20 mg/L ibuprofen; (d) 10 min after 40 mg/L ibuprofen; (e) 10
min after 80 mg/L ibuprofen.

24.3% (from 186.6+11.2 ms to 141.3+8.3 ms), respectively.
No obvious influence of ibuprofen on RP and APA were
observed. When the preparations were washed out with the
control Tyrode’s solution for 30 min, all the changes could
obviously be reversed.

Dynamics of ibuprofen combined with and dissociated
from the fast Na" channels Ibuprofen can inhibit the Na*
channels; the V,, of the fast-response AP is dramatically
depressed by ibuprofen (Table 3). In a series of stimuli with
frequencies lasting approximately 30 s, the value of the V.,
will decrease from the first evoked response, then gradually
diminish into a steady state (Figure 4). With the different
concentrations of ibuprofen (20 and 40 mg/L for 15 min,
shown in the lower two rows of the Figure 4), the stimula-
tion rate was increased from 1 to 2 or 3 Hz for more than
30 s for each frequency. The combination time constant
(z,,) of ibuprofen with the Na" channels was calculated and
shown in Table 4. Our results show that the higher the con-
centration of ibuprofen used, the shorter the time constant
of z,,; the higher the stimulus frequency, the shorter the
time constant of 7,, (Figure 4; Table 4). These results indi-
cate that ibuprofen is much easier to combine with the Na"
channels at a high stimulation frequency than that at a

Table 3. Dose-dependent effects of ibuprofen on fast-response AP from papillary muscles of guinea pigs. *P<0.05, °P<0.01 vs control. n=6. Mean+SD.

Ibuprofen (mg/L) RP (mV) APA (mV) APD,, (ms) APDy, (ms) Viax (V/s) ERP (ms)
Control -90.1+4.3 125.2+3.8 203.4+14.3 165.8+12.5 225.4+11.3 186.6+11.2
5 -89.2+3.5 125.0+4.1 201.5+14.1 164.4+10.3 223.5£10.5 185.3+10.4
10 -89.7+3.9 124.6+4.7 198.2+13.7 160.3+£10.7 222.1+£10.7 181.9+9.5
20 -89.5+3.6 122.6+3.8 176.8+12.0° 133.348.1°¢ 220.3£10.8 166.8+9.6°
40 -89.9+3 .4 123.4+4.3 162.3+11.5¢ 122.747.7¢ 201.4+9.3° 153.4£8.4°¢
80 -87.8+3.5 121.0+£3.9 151.349.8°¢ 114.5+6.4¢ 192.249.6° 141.3+8.3¢
Wash-out -89.7+£2.9 122.543.5 186.4+10.2 143.2+9.6 216.6+9.5 173.5£10.1
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Vis Control 1 Hz Control 2 Hz Control 3 Hz
225 225 225
210 |“““ 210 210
195 195 195
0 10 20s 0 10 20s 0 10 20s
225 20 mg/L Ibuprofen 1 Hz 225 20 mg/L Ibuprofen 2 Hz 225 20 mg/L Ibuprofen 3 Hz
- ‘ ‘ ‘ ‘ ‘ ‘ ‘
195
0 10 20s 0 20s 0 10 20s

225 40 mg/L Ibuprofen 1 Hz 225

0 10 20 s 0

40 mg/L Ibuprofen 2 Hz 225

40 mg/L Ibuprofen 3 Hz

210

195
20s 0 10 20s

Figure 4. Effects of ibuprofen on the combination time constant with the fast sodium channel of guinea pig papillary muscles. Ordinate

represents the V. of the fast response AP (V/s). Abscissa indicates the time of a series of stimuli with certain frequencies.

Table 4. Time constants for ibuprofen combined with and dissoci-
ated from sodium channel. ®P<0.05, °P<0.01 vs control. n=5. Mean+SD.

Frequency of 2 Hz 3 Hz

stimulation (mg/L) (Time constants) (Time constants)

Ton () T (S) Ton(S) Toir (5)
Control 8.9+0.8 10.3+1.1 5.6+0.3 7.5+0.8
20 8.1+0.6 8.9+0.9 5.2+0.2 6.3+0.6°
40 7.4+0.6° 8.2+0.7° 4.8+0.2°  5.7+0.5¢

combination time constant; 7., dissociation time constant.

z-Un7

Figure 5. Dose-dependent effects of ibuprofen on slow-response AP
of papillary muscles of guinea pigs. (a) control; (b)10 min after 10 mg/L
ibuprofen; (c) 10 min after 20 mg/L ibuprofen; (d) 10 min after 40 mg/L
ibuprofen; (e) 10 min after 80 mg/L ibuprofen.

lower one.
The dissociation time constant is longer than that of the
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combination ones for each different stimulation frequency
(Table 4). As the ibuprofen concentration or the stimulation
frequency increased, the dissociation course became much
faster.

Effects of ibuprofen on slow-response AP After the slow-
response AP of papillary muscles were recorded, the prepa-
ration were consecutively perfused with 5, 10, 20, 40, and 80
mg/L ibuprofen contained in Tyrode’s solution at an inter-
val of 10 min for each concentration, as shown in Figure 5.
The results in Table 5 show that ibuprofen (80 mg/L) could
attenuate APDy, (from 118.6 ms to 85.3 ms), APD,, (from
131.9 ms to 98.5 ms), V., (from 31.3 V/s to 10.2 V/s),
and ERP (from 226.2 ms to 154.6 ms), with percentage changes
of 28.1%, 25.3%, 67.4%, and 31.7%, respectively. No sub-
stantial alterations were observed regarding RP and APA.

Effects of ibuprofen on spontaneous AP The spontane-
ous AP were recorded in rabbit sinus node preparations.
The sinus node were exposed to 5, 10, 20, 40, and 80 mg/L
ibuprofen consecutively. The results in Table 6 demonstrate
that 80 mg/L ibuprofen decreases the V,,,, by 40.2%, the
beating rate by 12.4%, and the SDR by 38.5%, respectively.
These effects of ibuprofen are dose dependent and revers-
ible after washing out with control Tyrode’s solution. Fig-
ure 6 shows the effects of ibuprofen on the spontaneous AP
of sinus nodes.

Discussion

NSAIDs are chemicals that present analgesic and anti-
inflammatory effects, and most of them, including aspirin
and ibuprofen, act as non-selective inhibitors of prostaglan-
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Table 5. Dose-dependent effects of ibuprofen on slow-response AP of guinea pig papillary muscle. *P<0.05, °P<0.01 vs control, n=7,

mean+SD.
Ibuprofen (mg/L) RP (mV) APA(mV) APDy, (ms) APD,, (ms) Viax (V57 ERP(ms)
Control -45.842.3 78.3+4.1 118.6+9.9 131.9+12.1 31.3£3.4 226.2+15.1
5 -45.7£2.6 77.5+£3.2 116.249.5 127.3+11.8 30.8+3.1 223.4%15.3
10 -46.14£3.3 76.0+3.7 101.4+8.2 114.8+10.0 25.5+2.9° 202.7£13.6
20 -45.6+2.5°¢ 75.8+£3.4 97+6.1° 109.6+£9.4° 19.9+£2.7¢ 186.3+12.9°
40 -45.542.8 76.9+4.4 90.5+5.4°¢ 103.4+8.2¢ 14.7£2.2°¢ 172.1+10.3¢
80 -44.7£3.8 73.6+3.3 85.3+7.3¢ 98.5+9.7¢ 10.2+£2.0°¢ 154.6+10.9¢
Wash-out -45.442.9 77.5£3.6 114.5+13.9 125.8+12.9 25.6+2.7° 199.4+11.5°

Table 6. Dose-dependent effects of ibuprofen on spontaneous AP
of rabbit sinus nodes. °P<0.05, °P<0.01 vs control. n=6. Mean=SD.

Ibuprofen = Heart rate SDR APA Viax
(mg/L) (beat/min) (mV/s) (mV) (V/s)
Control 92.345.8 31.742.9 72.6+4.4 9.7+£1.1
5 91.0+6.1 30.3+2.5 72.3+4.9 9.3£1.0
10 89.5+6.6 28.4+2.1 70.8+4.7 8.7+0.9
20 85.2+5.3 25.6x1.5° 69.5+5.2 7.4+0.6°
40 82.8+5.7° 22.3+1.6¢ 68.3+4.7 6.6+0.5°
80 80.9+5.2° 19.5+1.3¢ 67.4+4.1 5.840.5¢
Wash-out 87.6+6.4 27.242.6 70.2+£5.3 8.5+0.8

din synthesis enzymes COX-1 and COX-2. By contrast, se-
lective COX-2 inhibitors specifically block the production of
the type of prostaglandins responsible for pain and
inflammation. Hence, it was believed that selective COX-2
antagonists had more curative and fewer side-effects.

Ever since Merck withdrew its COX-2 antagonist Vioxx, a
$2.5 billion/year sales blockbuster, because of high cardio-
vascular risk, the safety concerns over all COX inhibitors
have received wide attention across the entire pharmaceuti-
cal industry. The cardiotoxicity of COX-2 inhibitors has been
considered to result from the suppression of prostaglandin
synthesis in endothelial cells®'”. Reduced prostaglandin in
blood vessels would prevent vasorelaxation and facilitate
clot formation, and thus predispose patients with existing
heart diseases higher chances of myocardial infarction"'?,
Although a similar association was obtained in other large
population studies, in which high doses of traditional non-
selective COX inhibitors were used to compare with pla-
cebo controls!*'%, the underlying mechanisms remain
unknown.

In the present research, we studied the effects of ibuprofen

on fast- and slow-response AP in guinea pig papillary
muscles, on the spontaneous AP of rabbit sinus nodes, and
the ECG of guinea pigs in order to elucidate its cardiac side-
effects. During both the in vitro and in vivo ECG recording,
ibuprofen prolonged the duration of the QRS complex wave
and inversely shortened the QTc. The duration of QRS rep-
resents the propagating velocity of excitation in the heart.
We also found that at a low dosage of ibuprofen (10-20 mg/L),
certain types of arrhythmias, such as premature ventricular
contraction and short duration ventricular fibrillation, could
occur, and these events were reversible after ibuprofen was
washed out with control solution. At a high dosage of
ibuprofen (40-80 mg/L), 2 of 8 hearts stopped beating be-
cause of long-lasting ventricular fibrillations. These obser-
vations suggest that ibuprofen exhibit detrimental effects
on heart function.

Next, we investigated the effect of ibuprofen at the cel-
lular level, that is, its influence on cardiac AP. Figures 3
and 5 demonstrate that ibuprofen could dose dependently
suppress V. in fast-response AP by 14.7%, and decrease
the V., of slow-response AP by 67.4%, suggesting that
ibuprofen is able to block the fast Na” channel and the slow
Ca®' channel. Tables 3 and 5 further show that ibuprofen
could not only decrease the fast and slow AP duration
(APDs,) by 30.9% and 28.1%, but also shorten the effec-
tive refractory periods by 24.3% and 31.7%, respectively.
In sinus node cells, we found that ibuprofen decreased the
SDR, slowing the heart rate in 6 experiments.

Interestingly, our data also imply that ibuprofen may di-
rectly interact with the cardiac Na" channel. The changes of
the association and dissociation time constants (t,, and T,g)
in Figure 4 provide evidence that the drug molecule may
interact and inhibit the Na* channel quicker as its concen-
tration increase or during fast heart rates. The results pre-
sented in Tables 2, 3, 5, and 6 indicate that these alterations
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Figure 6. Effects of ibuprofen on spontaneous AP of rabbit sinus nodes. (A) control; (B) 10 min after 80 mg/L ibuprofen; (C) washout.

could not be reversed completely to the baseline after wash
out. We believe that this effect may be induced by the pro-
longed exposure to high concentrations of ibuprofen during
recording, lack of solvent DM SO in the wash solution, or a
higher affinity of ibuprofen to the Na” channel (7,,T.¢) as
illustrated in Table 4.

It might be speculated that ibuprofen could dose depen-
dently suppress the Na* and Ca*" channels, and decrease
the excitation spreading within the heart. The slower con-
duction is displayed on the ECG by the prolongation of the
QRS wave. The decrease of the APD in AP recording could
explain the shortening of the QTc produced by ibuprofen on
ECG.

It is well known that slow conduction, shortening of the
refractory period, and unidirectional blocking are the 3 im-
portant preconditions for re-entry that results in fibrillations
in the heart. Since ibuprofen could slow conduction and
decrease the refractory period, it might therefore lead to
arrhythmias in clinical practice.

On the contrary, some reports indicate that NSAIDs,
such as salicylic acid (SA), can reduce ventricular dysfunc-
tion and arrhythmias''***, The investigators proposed that
ibuprofen could prevent the atrial fibrillation mediated by
inflammation, and SA could trap the hydroxyl radicals to
reduce postischemic ventricular arrhythmias. Yet, those ex-
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periments were conducted on patients with heart diseases
or on isolated ischemic hearts. By contrast, our study was
performed on healthy animals and heart preparations.
Nevertheless, they found that only low concentration of SA
(0.5 and 1.0 mmol/L) prevented the risk of arrhythmias; at
higher concentrations, the drugs lost their protective func-
tions in the trials. It is known that anti-arrhythmia drugs are
2-edged swords; they can be used to treat one type of
arrhythmia, but at the same time become pro-arrhythmic to
another. It is also known that their arrhythmiogenic effects
depend on, to some extent, the pathophysiological condi-
tions of the diseased heart. Taken together, the results pre-
sented in this paper suggest that patients with existing heart
diseases should cautiously take NSAIDs, unless they are
under close observation of the side-effects.
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