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Effects of cetirizine on the delayed K™ currents in cardiac cells:

comparison with terfenadine

Edward Carmeliet

C.E.H.A., University Leuven, Gasthuisberg, Herestraat, 49, 3000 Leuven, Belgium

1 The aim of the present experiments was to analyse the effect of the H,-histamine antagonist,
cetirizine, on the delayed K" currents in cardiac cells and to compare its effects with another H;-
histamine antagonist terfenadine, known to possess proarrhythmic effects.

2  Whole cell currents were measured by use of the single electrode patch-clamp technique in rabbit and
guinea-pig myocytes.

3 The activation relationship for the Ik, current in rabbit ventricular myocytes was depressed and its
voltage-dependence shifted in the negative direction with a V;, value —13.44+2.4 mV under control
conditions which changed to —19.1+1.9 mV (n=4) in the presence of 0.1 mM cetirizine.

4 In rabbit ventricular myocytes the ICs, for block of Iy, was 108+8 uM (n=15); in guinea-pig
ventricular myocytes this concentration of cetirizine reduced the rapidly activating component Iy, to
49+4.5% (n=15), while the slowly activating Ix, was less affected and only inhibited to 79+2.3% (n=>5).
5 The block of Ik, did not show use-dependence and the time course of the tail current was not
changed, suggesting rested-state block or fast activated-state block and no rapid recovery on
deactivation. No important difference was found in the activity of the two enantiomers of cetirizine.

6 Terfenadine in comparison was more potent in blocking Iy,, the ICs, being 96+ 15 nM (n=06).

7 Based on the present results and information in the literature on binding, it was concluded that
cetirizine is a relatively selective H;-histamine receptor antagonist, with minor effects on K™ currents.
The ICsy concentration for I, block in heart cells was 1.000 times higher than the concentrations needed
to block H; histamine receptors. The occurrence of cardiac arrhythmias due to K™ current blockade is

therefore unlikely with this drug.
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Introduction

Terfenadine, loratadine, astemizole and cetirizine are members
of the second generation antihistamines and are used
frequently for treatment of allergic rhinitis and urticaria
(Simons, 1994). In contrast to the first generation compounds
they are characterized by the absence of sedative effects due to
a poor ability to cross the blood-brain barrier, probably
because they are electrically charged: cetirizine at pH of 7.4 is
90.3% present as zwitterion and 9.7% as anionic base
(Dogimont, UCB, personal communication). Recent reports
in the literature have drawn attention to a rare though
important side effect of certain members of this group at the
cardiovascular level. Serious cardiac arrythmias of the torsade
de pointes type have been described after high doses of
terfenadine (Davies et al., 1989) or astemizole (Wiley et al.,
1992; for review see Smith, 1994). This side effect has been
found after overdose, or when administered in combination
with drugs that interfere at the liver level with metabolic
breakdown of the parent drug (such as ketoconazole and
macrolide antibiotics), or under conditions that by themselves
favour the occurrence of torsade de pointes such as
hypokalaemia or hypomagnesaemia (Morganroth et al., 1993).

Torsades de pointes arrhythmia also occurs as a side effect
of the use of antiarrhythmics which prolong the action
potential and has been related to block of the delayed K™
current, with consequent disturbance of the repolarization
process and occurrence of early afterdepolarizations (Roden,
1993). The delayed K™ current in heart is made up of two
components, a rapidly activated, Ik, and a slowly activated Ik,
(Sanguinetti & Jurkiewicz, 1990). The finding that terfenadine

was an efficient blocker of Ik, thus provides an explanation for
the occurrence of torsades de pointes in the case of overdosage
(Woosley et al., 1993; Woosley, 1996). Although torsades de
pointes arrhythmias in man have not been demonstrated to be
causally related to cetirizine (Coulie et al., 1998), it seemed
opportune to test for an eventual effect of cetirizine on the
delayed K™ currents and to compare its actions with
terfenadine, an antihistamine, known to have pro-arrhythmic
effects.

Methods

Cell preparation

Single cardiac ventricular cells of the rabbit and the guinea-pig
were dissociated by enzymatic dispersion, following a
procedure described in detail previously (Carmeliet, 1992).
Rabbits and guinea-pigs were killed by intraperitoneal
injection of pentobarbitone. Hearts were quickly isolated and
Langendorff perfused at 37°C with (1) Ca®*-free standard
solution medium (see solutions) for 10 min, (2) Ca®"-free
standard solution containing 35 mg 50 ml~' collagenase A
(Boehringer-Mannheim, Mannheim, Germany) for 15 min, (3)
a Ca’"-free solution containing collagenase and
6.5 mg 50 ml~! protease XIV (Sigma Chemical Co, St Louis,
Missouri) for 35 min and (4) 0.2 mM Ca?* containing solution
for an extra 10 min. After isolation the cells were stored at
room temperature in HEPES-Tyrode solution until used.
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Electrical measurements, data acquisition and analysis

Aliquots of cells were allowed to settle on the glass bottom of a
tissue bath (volume <0.5 ml) and then superfused with buffer
solution (3 ml min~!, 37°C). The whole-cell patch-clamp
technique was used to measure individual ionic currents
(Axoclamp 2-A amplifier, Axon Instruments, Foster City,
California), using heat-polished borosilicate glass pipettes
(horizontal puller: Zeitz Instrumente, Germany) with resis-
tances ranging from 2 to 5 MQ. Junction potentials were
zeroed before formation of the seal. After formation of the
seal, stable recordings were obtained following a 10 min
dialysis. Voltage-clamp signals were low-pass filtered (5 kHz 4-
pole Bessel), digitized by an A/D converter (Labmaster DMA,
Scientific Solutions, Inc). Cell capacitance was measured by
integrating the area of the capacitive transient elicited by a 2 or
5 mV depolarizing step from a holding potential of —50 mV
and digitized at 50 kHz. Values were 196+9 pF (n=28) for
rabbit ventricular myocytes and 273+ 14 pF (n=14) for
guinea-pig ventricular myocytes. Series resistance was esti-
mated by dividing the time constant of the capacitive transient
by the capacitance. The time constant was 765+ 56 us (n=28)
for rabbit ventricular myocytes and 1.34+0.13 ms (n=16) for
guinea-pig ventricular myocytes. The respective series resis-
tances were 3.97+0.24 MQ (n=28) and 5.06+0.50 MQ
(n=16). They were partially (40—60%) compensated without
causing ringing. The voltage error for currents up to 1 nA may
thus be estimated to remain smaller than 3 mV.

Pclamp software (Axon Instruments) was used to generate
voltage-pulse protocols and to analyse data. In some
experiments currents were directly recorded on a Gould Brush
recorder 220 (—3 dB at 100 Hz, Simac, Peutie, Belgium) and
analysed manually. In most experiments square depolarizing
pulses of 2s were applied from a holding potential of
—50 mV; the minimum interval between pulses was 1 min.
Use-dependence was measured by applying shorter depolariz-
ing pulses of 0.2 s, repeated with an interval of 0.75 s.

To separate the two components of the delayed K™ current,
Ik, and Iy, a 2 s depolarizing pulse to + 50 mV was followed
by a 2s return to 0 mV and finally back to the holding
potential of —50 mV. This protocol allows for simultaneous
activation of the two components, but separate deactivation of
the Iy, at 0 mV and of Iy, at —50 mV (Carmeliet, 1992; Heath
& Terrar, 1996). The inward rectifier, Ix, current was measured
by application of ramp voltage clamps at a speed of 50 mV s~!
starting from a holding potential of —50 mV and going to
—110 mV.

Solutions

The extracellular solution contained in mM: NaCl 137.6, KCI
5.4, MgCl, 0.5, CaCl, 1.8, HEPES 11.6, glucose 5 and NaOH
was added to pH 7.4. The pipette solution contained in mMm:
KCI 120, MgCl, 6, CaCl, 0.154, Na,ATP 5, HEPES 10 with
KOH until pH was 7.2. All experiments were done at 37°C.

Drugs

Cetirizine dihydrochloride and its enantiomers, ucb 28556 and
ucb 28557, were a kind gift of UCB S.A. (Pharma Sector,
Braine I’Alleud, Belgium). Dilutions were made from a 1 M
stock solution in distilled water. Terfenadine, lot 37F0101,
from Sigma (St-Louis, MO, U.S.A.) was dissolved in
dimethylsulphoxide (DMSO, Sigma) to yield stock solutions
of 10 mM; the vehicle at the final concentrations, did not affect
the currents measured. Nisoldipine (Bayer, Wiippertal,

Germany), prepared as a stock solution of 107> M in DMSO
was used at a concentration of 0.2 uM to block the L-type
Ca** current. Effects of drug exposure were measured after a
minimum of 10 min superfusion. Washout was not system-
atically performed but complete reversibility could be obtained
for cetirizine after 30 min of superfusion with control solution.

Statistics

Mean values +s.e. were calculated. Significance was calculated
by use of two tailed ¢ test, unpaired or paired as specified.

Results

Activation of lg,

In rabbit ventricular myocytes the rapidly activating delayed
K™ current Ik, was analysed by application of voltage clamp
depolarizations from a holding potential of —50 mV to levels
from —40 to +40 mV in increments of 10 mV. Examples of
currents are shown in Figure 1. The positive holding current is
due to the presence of Ik, at —50 mV. During the depolarizing
pulse the current shifted in the inward direction, but remained
net outward. For depolarizations to —40 and —30 mV the
current did not show pronounced time-dependent changes.
For larger depolarizations the current was composed of the
transient outward current which shows a rapid activation and
inactivation, and was followed by activation of Ik,. On return
to the holding potential a tail current was observed which was
larger the greater the depolarization during the preceding
pulse. In the conditions used in the present experiments the tail
currents were entirely due to deactivation of the I, (Carmeliet,
1993). In the presence of cetirizine 0.1 mM, holding current
and the initial transient outward current during the pulse were
not changed. The currents during the remaining part of the
depolarizations and especially the tail currents were less
outward. Figure 2 summarizes the results obtained in four
similar experiments. The results were normalized by taking the
tail amplitude under control conditions for a depolarization to
20 mV as 100%. This value corresponded to 0.81+

Figure 1 Effect of cetirizine on membrane currents obtained for 2 s
voltage clamps from a holding potential of —50 mV to depolarized
levels up to 20 mV in increments of 10 mV. (a) Control records; (b)
in the presence of cetirizine 0.1 mM. Rabbit ventricular myocyte.
Temperature 37°C.
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0.07 pA pF~! (n=4). In the absence of the drug the current
was activated from —30 mV onwards and saturated at about
0 mV; midvoltage was —13.4+2.4 mV and the slope was
5.9+0.3 mV. In the presence of the drug the activation curve
was depressed (saturating value: 0.2940.03 pA pF~'), with a
midvoltage of —19.1+1.9 mV and a slope of 6.6+0.4 mV
(n=4). Midvoltage difference was statistically significant
(P=0.01; paired, two tailed ¢ test); slope factors were not
significantly different.

Concentration-effect relationships

The effect of different concentrations of cetirizine on the Ik,
was studied by measuring the reduction in tail current
amplitude. Cells were subjected to voltage clamp depolariza-
tions of 2 s to 20 mV from a holding potential of —50 mV.
Cetirizine was added in increasing concentrations from 10 uM
to 1 mM. Each concentration was studied during 10 min, at
which time a steady-state effect was obtained. Similar
experiments were performed with terfenadine in concentra-
tions ranging from 30 nM to 1 uM. The results are summarized
in Figure 3. Control currents were 0.5040.05 pA pF~' and
0.63+0.05 pA pF !, respectively for terfenadine and cetirizine
experiments. For cetirizine the 1Cs, was 108 +8 uM and the
Hill coefficient 1.37+0.23 (n=5). For terfenadine the
corresponding values were 96+ 15 nM and 1.58 +£0.13 (n=06).

Block by cetirizine was not use-dependent

Use-dependent block is a block which enhances with an
increase in frequency of stimulation (use or activation of the
channel). Drugs that show use-dependence are potentially
better antiarrhythmics, since they inhibit the current and
prolong the refractory period preferentially at high frequen-
cies, while their arrhythmogenic potentiality at low frequencies
remains low.

The existence of use-dependence was measured by applying
short (0.2 s) depolarizing pulses repetitively (interval of 0.75 s),
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Figure 2 Activation curve of Ix, current under control conditions
(open circles) and in the presence of cetirizine 0.1 mMm (solid circles).
Data are normalized tail currents (means with vertical lines showing
s.e.; n=4) obtained at —50 mV following a 2's clamp to different
depolarized levels. Tail amplitude for a depolarizing pulse to 20 mV
under control conditions was taken as 100%. Full lines are Boltz-
mann relations from the equation: /1, =1 +exp(V,,,2—Vl)/s)]_',
where I,x corresponds to the maximum plateau value of the tail
currents, V the test potential, V;, the half-maximum activation
potential and s the slope factor. Rabbit ventricular myocytes.

following a rest for 5 min at the holding potential. Figure 4
shows examples of currents during the depolarizing pulse
(lower level) and the successive tails (upper level). Under
control conditions the tail currents showed a small summation
because of incomplete deactivation during the ‘diastolic’
period at the holding potential. In the presence of cetirizine
100 uM, the current during the pulse as well as the tail was
reduced. Upon repetition the tail amplitude barely changed. In
the case of use-dependent block, the tails should decrease as
the pulse is repeated (see Figure 7 in Carmeliet (1993)). Four
experiments of this type were performed. The tail current at the
end of the first pulse was 1.024+0.10 pA pF~' under control
conditions and was reduced to 0.6140.06 pA pF~' in the
presence of the drug. At the end of the series (30 pulses) the tail
increased by 14+ 2% under control conditions and by 12+3%
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Figure 3 Concentration-effect curves for terfenadine (circles; n=06)
and cetirizine (triangles; n=>5). Ordinate scale: Iy, as %; abscissa
scale: molar concentration of drug. Effects were quantified by fitting
the results using the following equation: (1+([D]/ICso)™) ", where
[D] is the drug concentration, ICs, is the drug concentration for 50%
efficiency, and ny is the Hill coefficient. Rabbit ventricular myocytes.
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Figure 4 Absence of use-dependent block. Following a 1 min rest at
the holding potential of —50 mV, the cell was subjected to a series of
voltage clamp depolarizations of 0.2 s duration to 10 mV. Interval
between depolarizing clamps was 0.75s (see inset). Downward
deflections are currents during the depolarization, upward deflections
are tail currents. During control (top) the amplitude of the tail
current showed a small summation due to incomplete deactivation
during the interval at the holding potential. In the presence of
cetirizine 0.1 mM (bottom) the first tail current already was reduced
to about half the control value and this decrease did not show any
summation. Rabbit ventricular myocyte. Similar results were
obtained in three other cells.
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in the presence of the drug. Block of the current therefore was
not changed during repetitive stimulation.

Effect of the two enantiomers of cetirizine on I,

For the wild type human H, receptor expressed in CHO cells
the pK; of the ucb 28566 and ucb 28557 were respectively 8.5
and 7.0 (Moguilevsky et al., 1995). The effect of the two
enantiomers at a concentration of 0.1 mM on /I, was measured
by applying voltage clamps of 2 s duration to 20 mV from a
holding potential of —50 mV and measuring the change in tail
amplitude. The two substances were studied in separate
experiments. Control values for the tail currents were
0.554+0.04 pA pF~! (n=5) and 0.4940.04 pA pF~! (n=5)
in the two series. ucb 28556 was slightly more effective than
ucb 28557. Mean relative current in the presence of the drug
was 45+1.7% (n=15) for ucb 28556 and 65+24% (n=>5) for
ucb 28557, the effect was statistically significant at the 0.001
level (unpaired, two tailed # test).

Does cetirizine block 1k,

Depending on activation and deactivation kinetics, blocking
characteristics and modulation by hormones and transmitters,
two components of the delayed K* current can be
distinguished (Sanguinetti & Jurkiewicz, 1990). The effect of
cetirizine and terfenadine was studied on the two components
applying a voltage clamp protocol which allowed the direct
differentiation of the two components (see Methods). The
clamp consisted of a depolarizing pulse of 2 s to +50 mV,
followed by a clamp to 0 mV during which most of I,
deactivated, but Ik, remained fully activated, and finally a
return to the holding potential of —50 mV, where Ik,
deactivated. In control conditions the amplitudes of I, and
Ixs were respectivley, 0.974+0.07 pA pF~' and 1.17+
0.06 pA pF~! (n=12).

Examples of the currents are given in Figure Sa,b. At
0.1 mM cetirizine the tail at 0 mV was only slightly diminished
but was reduced to about 50% at —50 mV. The reduction of
outward current during the pulse to 50 mV and the shift in the
inward direction at 0 mV should thus be interpreted as entirely
due to block of Ix,. Experiments were also done with 1 mM

200 pA

LOOO ms

cetirizine and quantitative data are summarized in Table 1. At
0.1 mM cetirizine in 5 preparations, Ik, was reduced to 49%
whereas [l only to 79%. At 1 mM cetirizine Ik, decreased to
16% and Ix, to 56% in 9 cells.

Similar differential effects on the two Ix components were
obtained for terfenadine (Figure 5b for an example and Table
1 for mean results with three concentrations 0.1, 0.3 and
1.0 uM). In general the effects were similar to those for
cetirizine, with greater block of [, than Ig,. At high
concentrations (Figure 5b) terfenadine also shifted the holding
current in the inward direction, an effect which can be
explained by a fall in Ik, conductance.

The 1k, current

The I, or inward rectifier is the K™ current responsible for the
resting potential and the final repolarization phase of the
action potential. The effect of cetirizine on the [Ix, was
investigated by applying voltage-clamp ramps at a speed of
50 mV s~' over a broad range of potentials, as shown in
Figure 6. At 0.1 mM no effect was seen at potentials positive to
the resting potential, but a small reduction became manifest at
hyperpolarized potentials. Four experiments were performed
with a concentration of 1.0 mM. An estimation of the effect
was made either by measuring the change in current at
—60 mV or by measuring the relative decrease in inward
current at —90 mV, taking as reference the current at the
cross-over potential of the two current-voltage relations which
is also a measure of the reversal potential. Control currents
were 4.3+0.2 pA pF~'at —60 mV and 11.44+2.1 pA pF~'at

Table 1 Block of the two Ix components in guinea-pig
ventricular myocytes

Drug Concentration Tgs Ig, n
Cetirizine 0.1 mm 79.04+42.3 49.04+4.2 5
1.0 mm 56.4+1.8 16.0+2.2 9
Terfenadine 0.1 um 95.34+2.5 443+5.0 3
0.3 um 77.7+14 247+7.0 3
1.0 um 45.6+4.8 59+42.0 3

Data shown are means+s.e. % of current remaining.

i

Figure 5 Differential block of Iy, and Ik in guinea-pig ventricular myocytes by cetirizine (a) and terfenadine (b). The voltage
protocol consisted of a 2 s depolarization to 50 mV followed by a return for 2 s to 0 mV and finally back to the holding potential of
—50 mV. This protocol allows for simultaneous activation of the two components during depolarization at 50 mV but separate
deactivation of Ixs at 0 mV and of I, at —50 mV. From the amplitude of the tail currents and their change at 0 and —50 mV the
effect of drug on the two components can be evaluated. The concentration of cetirizine was 0.1 mMm; the concentration of terfenadine
was changed from 0.1 uM (star), to 0.3 um (open circle) and to 1.0 um (solid circle). The two substances blocked preferentially Ik,.
Terfenadine also blocked Ik, in a concentration-dependent way (shift of the holding current in the inward direction).
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Figure 6 Effect of cetirizine on the inward rectifier, /x;. Ramp
voltage clamps were applied at a speed of 50 mV s~ ! starting from a
holding potential of —40 mV and going to —110 mV. Guinea-pig
ventricular myocyte. Concentrations of cetirizine were 0.1 (open
circle) and 1.0 mm (solid circle). Only the higher concentration
caused a small shift in the inward direction.

—90 mV. In the presence of 1 mM cetirizine the current
decreased to 79.84+4.0% at —60 mV and at —90 mV to
60+5.6% (n=4).

Discussion

The experiments on rabbit ventricular myocytes showed that
cetirizine reduces the amplitude of the tail currents at
—50 mV. In a previous paper (Carmeliet, 1992) it was
demonstrated that under the experimental conditions used the
tails at —50 mV in rabbit ventricular myocytes were blocked
by dofetilide, known to affect selectively Iy, (Jurkiewicz &
Sanguinetti, 1993). It may thus be concluded that cetirizine
also blocks the rapid Iy, delayed K™ current. The block did
not increase with repetition of the depolarizing pulse, in other
words the block did not show any use-dependence. This means
either that block is already present at rest for the closed
channel and does not change with activation (real tonic block),
or occurs so rapidly upon activation that it is complete during
the first depolarizing pulse of 0.2 s duration of a series (fast
activation block). The fact that the activation curve for Ik, was
slightly shifted in the negative direction is consistent with the
existence of activated-state block (difference in affinity between
the closed and activated state; law of microscopic reversibility).
The time course of the tail currents was not changed,
indicating that recovery from block was absent or occurred
very slowly upon deactivation. From these observations it may
be extrapolated that block of I, by cetirizine will not vary with
frequency.

The experiments on guinea-pig ventricular myocytes have
shown that cetirizine blocks both the rapid (/k.) and slow (Ix)
components of the delayed K* current in cardiac tissue, but
inhibition was more pronounced for Ix,. Both currents are
present in the human cardiac tissues (Beuckelmann et al., 1993;
Konarzewska et al., 1995; Veldkamp et al., 1995), but their
relative density is not known. The effect on the two currents
was studied by using a voltage clamp protocol that allowed for
simultaneous activation of the currents but separate deactiva-
tion of Ix, at 0 mV and Ik, at —50 mV. The validity of this

procedure has been demonstrated by block of the tail currents
at —50 mV and only minor effect on the tails at 0 mV or
—10 mV, in the case of dofetilide (see Figure 10 in paper by
Carmeliet (1992)) and in the case of E4031 (see Figure 6 in
paper by Heath & Terrar (1996)).

Cardiotoxic side effects of antihistamines, which take the
form of torsade de pointes arrhythmia, have been shown to be
related to block of delayed K™ currents (Roden, 1993;
Woosley & Sale, 1993). In order to evaluate the risk of
arrythymias as a possible side effect it is thus necessary to
compare the relative concentrations required for antihistamine
activity and for K™ current block. The binding affinity of
cetirizine and terfenadine for guinea-pig cerebellar and lung H,
receptors has been shown to be similar with pK; values of 6.8
to 7.5 (Leysen et al., 1991; Ter Laak et al., 1993). For human
H, receptors expressed in Chinese hamster ovary cells pK;
values were 8.5 and 8.2 for terfenadine and -cetirizine,
respectively (Moguilevsky et al., 1995). The potency of
cetirizine to block Iy, (K of 0.1 mM) is thus 1000 to 10.000
times less than its affinity to block H; receptors. Because of this
large difference the complication of torsade de pointes as a
consequence of Iy, block is less probable than in the case with
terfenadine, where binding to the H,-receptor and block of Ik,
(ICsp of 96 nM) occur at similar concentrations.

Terfenadine in general is less specific than cetirizine: the ICs
for terfenadine for binding to Ca?" channels (measured by
inhibition of verapamil and nitrendipine binding) occurs at 0.2
and 0.44 uM, while no effect is seen at concentrations above
10 uM for cetirizine (Snyder & Snowman, 1987). Terfenadine
also blocks other K* currents, such as /,, and Ik, in human
atrial cells (Crumb et al., 1995), and the Kv.1.5 channel
expressed in L-cells (Yang et al., 1995) or in HEK cells (Crumb
et al., 1995). The Kv.1.5 current has similar activation kinetics
and pharmacological properties as the Ik, The interaction
with terfenadine is characterized by open channel block
(Rampe et al., 1993; Yang et al., 1995).

A further difference between cetirizine and terfenadine is the
absence of any important metabolism of cetirizine. Inter-
ference with metabolism of the parent drug at the level of the
liver by certain antibiotics (Hanrahan er al., 1995) or
antifungal substances (Morganroth et al., 1993; Smith, 1994)
is thus of less importance for cetirizine since most of the drug is
eliminated in its native form.

Our estimation of the ICs, of 96 nM for Ix. block for
terfenadine in the rabbit heart was close to the value of 180 nm
estimated for the cat heart (Woosley et al., 1993). In guinea-pig
ventricular myocytes Ix was shown to be rather insensitive to
terfenadine, with only 9.5% decrease at the very high
concentration of 10 uM (Berul & Morad, 1995); in this study
no distinction was made between the two current components.
In the present experiments the effect of cetirizine and
terfenadine was smaller for Ix, than for Ix,, a result which
may to some extent but incompletely explain the insensitivity
of the complex current in the guinea-pig.

Although the block of Iy, by the two enantiomers of
cetirizine was statistically different, the difference was small
and is of no practical importance. The two enantiomers of
terfenadine also have similar electrophysiological effects: they
prolong QT and the effective refractory period to the same
extent in the guinea-pig heart (Pinney et al., 1995) and block
the cloned Kv1.5 channel expressed in L-cells (Yang et al.,
1995).

In a recent letter to The Lancet, Lindquist and Edwards
(1997) compared cardiac risks for a number of non-sedating
antihistamines on the basis of spontaneous adverse drug
reaction reports of the WHO. Complications in patients taking
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cetirizine included cardiac rhythm disorders and two cases of
death. However, this study is incomplete in that there was no
control data, i.e. it does not take into account the spontaneous
rates of background cardiac events in a population not taking
the drug. Up to now no case of torsade de pointes has been
causally related to the intake of cetirizine (Coulie ez al., 1998).

It is concluded that cetirizine in comparison with
terfenadine is a less potent blocker of K™ currents, whereas
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