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Aims

 

To investigate pharmacokinetics of the enantiomers of citalopram (CT) and its
metabolites desmethylcitalopram (DCT) and didesmethylcitalopram (DDCT) in Swed-
ish healthy volunteers in relation to CYP2C19 and CYP2D6 geno- and phenotypes.

 

Methods 

 

Racemic CT was given for seven days to panels with different genotypes
and the following mephenytoin (Me) and debrisoquine (De) hydroxylation pheno-
types: EM

 

De

 

/EM

 

Me

 

, PM

 

De

 

/EM

 

Me

 

, EM

 

De

 

/PM

 

Me

 

 (

 

n

 

 

 

=

 

 6 in all groups), and one PM

 

De

 

/
PM

 

Me

 

 subject. Blood sampling was carried out during day 7, and all urine was
collected for 12 h after the last dose of CT.

 

Results 

 

The AUC of S-CT was significantly higher in the EM

 

De

 

/PM

 

Me

 

 panel
compared to the EM

 

De

 

/EM

 

Me

 

 and PM

 

De

 

/EM

 

Me

 

 panels (

 

P

 

 

 

<

 

 0.05), whereas the AUC
of R-CT did not differ between the panels. Similar differences, although they did
not reach statistical significance, were noted for S-DCT and R-DCT. The enanti-
omers of DDCT were not quantifiable in PM

 

De,

 

 and there was no difference in
DDCT enantiomer concentrations between the other two panels. A PM

 

De

 

/PM

 

Me

 

subject stopped taking CT after five days due to severe adverse effects. Based on
two time points, this subject had a very long CT half-life of 95 h. The value of 1.0
for the S/R ratio of the CT trough in this subject was similar to the mean S/R
CT trough ratio of the EM

 

De

 

/PM

 

Me

 

 panel, but higher than the S/R CT ratio of
the EM

 

De

 

/EM

 

Me

 

 panel (0.56; 95% CI 0.49–0.63) and the PM

 

De

 

/EM

 

Me

 

 panel (0.44;
95% CI 0.31–0.57). Thus the latter two phenotypes eliminated S-CT more rapidly
via CYP2C19. An adverse effect described as an ‘alcohol hangover’ feeling was
reported by one subject from each of the three panels. These individuals had the
highest concentrations of both CT enantiomers.

 

Conclusions 

 

The AUC of S-, but not R-(CT) was found to be significantly higher
in PM of mephenytoin compared to EMs, PMs may need a lower dosage of CT.
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 adverse effect, antidepressant, citalopram, CYP2C19, CYP2D6, enanti-
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Introduction

 

Citalopram (CT) is a selective inhibitor of neuronal sero-
tonin reuptake causing increased serotonin neurotrans-
mission, but with little effect on norepinephrine and
dopamine reuptake [1]. CT is used for treatment of
depression and dysthymia [2], and also to treat panic
disorder [3], obsessive compulsive disorder [4], substance
abuse [5], and dementia-related behavioural disturbances
[6].

CT is a bicyclic phtalane derivate and is marketed as
a racemate. There is no inversion betwen the S and R
enantiomers and the S-enantiomer appears to mediate
the major antidepressant effect [7]. Thus, it has been
suggested that therapeutic monitoring of the S-
enantiomer of CT is more useful for the establishment
of a concentration/response relationship [8].

CT is eliminated from the body by N-demethylation
to DCT, which is catalysed by CYP2C19 [9]. Further
N-demethylation of DCT by CYP2D6 to DDCT occurs
[10, 11]. The metabolites DCT and DDCT are not
considered to have clinically relevant antidepressive effects
[7]. CT is only a weak inhibitor of CYP2C19 both 

 

in
vitro

 

 [12] and 

 

in vivo

 

 [9], and of CYP2D6 

 

in vitro

 

 [13].
Some investigators have also suggested a role for
CYP3A4 in the metabolism of CT [14].
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Some studies have investigated the nonclinical metab-
olism of CT in panels of different CYP genotypes with
measurement of total (i.e. nonchiral) CT concentrations
[9]. Other studies have investigated the enantiomeric
disposition of CT [8, 15, 16] but only in patients or
healthy subjects with EM (extensive metaboliser) or
unknown genotype. To our knowledge, no protocol has
involved the metabolism of the enantiomers of CT in
different 

 

CYP2C19

 

 and 

 

CYP2D6

 

 genotypes and
phenotypes.

The aim of this study was to characterize the relation-
ship between CYP2C19 and CYP2D6 genotype/pheno-
type and the pharmacokinetics of CT and its metabolites
and their enantiomers, in white healthy volunteers.

 

Materials and Methods

 

Subjects and protocol

 

Nineteen unrelated white Swedes with previously deter-
mined CYP2C19 and CYP2D6 genotypes and pheno-
types participated in the study. The genotypes were
determined by PCR identification of the 

 

CYP2C19

 

*

 

2
and

 

 *

 

3 and CYP2D6

 

*

 

3,

 

 *

 

4 and

 

 *

 

5

 

 alleles. One of the
subjects was a smoker and three used nicotine snuff. The
subjects were divided into the following phenotypes
groups: EM

 

De

 

/EM

 

Me

 

 

 

=

 

 EM of both debrisoquine (De,
the marker used for CYP2D6 activity) and mephenytoin
(Me, the marker used for CYP2C19 activity) metabolism
(

 

n

 

 

 

=

 

 6); PM

 

De

 

/EM

 

Me

 

 

 

=

 

 PM of debrisoquine and EM of
mephenytoin (

 

n

 

 

 

=

 

 6); EM

 

De

 

/PM

 

Me

 

 

 

=

 

 EM of debrisoquine
and PM of mephenytoin (

 

n

 

 

 

=

 

 6). All EMs were homoy-
gous for the wild-type allele. In addition, a single indi-
vidual was a PM of both substrates, PM

 

De

 

/PM

 

Me

 

. There
were no significant differences between the panels
regarding age, body weight, gender (Table 1), nicotine
habits or daily caffeine intake. There was a complete
concordance between geno- and phenotypes.

Before inclusion, a physician performed a complete
physical examination including medical history, routine
physical examination (heart, blood pressure, lungs, abdo-

men, lymph nodes, basic neurology, and ECG), blood
chemistry (haemoglobin, SR, serum creatinine, transam-
inases, HIV, hepatitis B-C and pregnancy test) and urine
screening for illegal drugs. The protocol stipulated that
alcohol, drugs, grapefruit, and grapefruit juice should not
be ingested for the duration of the study and the previous
week. All volunteers gave informed written consent
before their health check-up on the basis of verbal and
written information. The study protocol was approved by
the Human Ethics Committee at Karolinska Institutet,
Huddinge University Hospital in Stockholm, Sweden.

Most subjects took 10 mg CT (Cipramil; Lundbeck,
Valby, Copenhagen, Denmark) twice daily for seven days,
until steady state was reached for. The single PM

 

De

 

/PM

 

Me

 

subject took 10 mg CT daily for seven days.
The subjects attended the Human Laboratory, Division

of Clinical Pharmacology, Huddinge University Hospital,
on day 7, after taking CT for six days and then fasting
overnight. After emptying the bladder, the subjects had
a venous cannula inserted. A predose venous blood sam-
ple was taken and the last daily CT dose was given at
08.00 hours. The subjects drank a glass of water after
swallowing the tablet. Standardized food was served dur-
ing the day at 2, 6 and 8 h after the dose. Blood samples
for pharmacokinetic analysis were drawn at 0, 2, 4, 6, 8,
10 and 12 h after the dose, into heparinized vacuum
tubes (Vacutainer

 

®

 

, Becton Dickinson Vacutainer Systems,
Franklin Lakes, NJ, USA; or Venoject

 

®

 

, Terumo Europe
N.V., Leuven, Belgium). All urine was collected within
12 h after the dose, the volume was measured and 10-
ml aliquots were retained. The blood samples were cen-
trifuged and the plasma was separated. Plasma and urine
samples were stored frozen at 

 

-

 

20 

 

∞

 

C until assayed.

 

Monitoring of adverse effects

 

Subjects filled out a diary at home during the study,
noting the time of each dose, and any perceived side-
effects. On day 7, the research nurse asked the volunteers
standardized questions about adverse events.

 

Table 1

 

Characteristics (mean and range) of healthy Swedish volunteers divided into three panels, and a single PM

 

De

 

/PM

 

Me

 

 subject, 
according to debrisoquine and mephenytoin phenotypes*.

 

EM

 

De

 

/EM

 

Me

 

n

 

 

 

= 

 

6
PM

 

De

 

/EM

 

Me

 

n

 

 

 

= 

 

6
EM

 

De

 

/PM

 

Me

 

n

 

 

 

= 

 

6
PM

 

De

 

/PM

 

Me

 

n

 

 

 

= 

 

1

 

S/R mephenytoin 0.24 (0.10–0.48) 0.16 (0.06-.31) 1.08 (1.04–1.15) 1.09
Debrisoquine MR 0.55 (0.21–3.46) 76 (55–110) 0.30 (0.14–0.65) 63
Age, years 27 (24–35) 34 (24–44) 31 (26–41) 26
Body weight, kg 73 (55–98) 73 (62–97) 71 (57–81) 89
Gender, F/M 3/3 2/4 2/4 M

*There was complete concordance between CYP2C19 phenotype and CYP2D6 phenotype.
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Assay of total (S plus R) citalopram and metabolites

 

CT, DCT, DDCT and the S- and R-enantiomers of the
three compounds were kindly provided by Lundbeck,
Denmark.  The  internal  standard  ((–)-S)-bromo-N-[(1-
n-propyl-2-pyrrolinidinyl)-methyl]-2,6,dimethoxybenza-
mide (FLA-913) was provided by AstraZeneca
(Södertälje, Sweden). The compounds were dissolved in
0.01 

 

M

 

 HCl and stored at 4 

 

∞

 

C

 

.

 

The total, achiral concentrations of CT, DCT and
DDCT were determined by reversed phase HPLC and
UV detection. Plasma or urine (1 ml), after addition of
50 

 

m

 

l 2 

 

m

 

M

 

 internal standard and 0.5 ml 1 

 

M

 

 sodium
hydroxide, was extracted with 3 ml diisopropylether for
10 min. After centrifugation for 5 min at 3000 

 

g

 

, the
organic phase was transferred to a clean test tube con-
taining 200 

 

ml 25 mM acetic acid, and extracted for 5 min
followed by centrifugation. The organic phase was
removed and the remaining acid was washed with 0.5 ml
n-heptane, and a 15-ml aliquot was injected onto the
HPLC. The compounds were separated on a Zorbax SB
C-18-column (75 ¥ 4.6 mm, particle size 3.5 mm) [17].
The mobile phase consisted of acetonitrile and ammo-
nium acetate 50 mM pH 6.5, in the proportion 29 : 71
(v/v). The flow rate was 1.0 ml min-1 and the detection
wavelength was 239 nm. The retention times for the
internal standard, DDCT, DCT and CT were 4.2, 6.8,
7.8, and 9.3 min, respectively. Standard curves were anal-
ysed in the concentration range 10–200 nM in plasma
and 0.1–10 mM in urine. The interday coefficients of
variation for CT, DCT and DDCT at a concentration
of 10.5 nM were 13.4%, 10.1% and 9.4%, respectively.
Those at 55 nM were 8.8%, 7.4% and 2.7%, respectively.
The limit of quantification was 5 nM for all compounds.

Chiral assay of CT and its metabolites

Quantification of the enantiomers was performed with
chiral HPLC in combination with the above-described
method. The LC fractions containing CT and the two
metabolites were manually collected after UV detection.
The volume of each fraction was reduced to about
100 ml in a vacuum centrifuge (Speed Vac SC 110 A;
Savant Instruments) before injection onto a chiral HPLC
column as described by Rochat et al. [16]. The enanti-
omers were separated on a cyclobond I 2000 column
(250 ¥ 4.6 mm) [17]. The mobile phase consisted of 22%
acetonitrile and 88% aqueous triethylamine buffer 1%,
adjusted to pH 6.2 with acetic acid (v/v 22 : 78). The
flow rate was 0.8 ml min-1 and the column was main-
tained at 30 ∞C. The detection wavelength was 239 nm.
The concentrations of the separate S- and R-
enantiomers were calculated from their chromatographic
area ratios. The total, achiral concentration was deter-

mined previously. The accuracy was assessed by analysis
of all compounds in the S/R concentration ratio range
of 0.2–1.0 for CT, 0.6–1.2 for DCT, and 0.4–1.0 for
DDCT. The limit of quantification was 1.5 nM for each
enantiomer.

Statistical and pharmacokinetic methods

All statistical tests were carried out using the computer
program STATISTICA version 5.5 (StatSoft Inc, Tulsa,
OK, USA). Differences between the three groups were
calculated using the Kruskal–Wallis ANOVA ranks test and
normally distributed pharmacokinetic parameters were
compared using the paired t-test. Difference of frequen-
cies was calculated with the two-tailed Fisher’s exact test.
Correlation coefficients were calculated using the Spear-
man rank order test.

CT, DCT and DDCT pharmacokinetics were analysed
using noncompartmental techniques. The area under the
plasma concentration vs time (0–12 h) curve, AUC0-12,
was calculated using the trapezoidal rule. Recovery of
the enantiomers of CT, DCT and DDCT in urine was
calculated as the ratio between urinary molar amount of
the measured substance (obtained from the concentration
of 0–12 h postdose urine collection and the urine vol-
ume) and the molar amount of each CT enantiomer
administered in the racemate given. Renal clearance was
estimated from urinary recovery divided by plasma AUC.
In the PMDe/PMMe subject, the terminal half-life was
calculated as ln2/Ke, where Ke is (lnC1 lnC-2)/(T1 – T2),
C1 is the first concentration measured, C2 is the second,
and T1 and T2 are the corresponding time-points.

Calculations of estimated frequencies of the PMDe/
PMMe phenotype in different populations are based upon
the frequency of PM CYP2C19 of 3% and 20% and
CYP2D6 of 7% and 1%, in Europeans and Asians [18],
respectively, and analogous calculation in Tanzanians are
based upon the frequencies PM CYP2C19 7.5% [19] and
PM CYP2D6 7% [20].

Results

The single subject with a PMDe/PMMe phenotype was
given half the dose of CT that the other 18 subjects
received. However, on day 2 this subject developed diar-
rhoea with abdominal cramps, accompanied on day 3 by
restlessness and pronounced yawning every 2–5 min, and
by malaise and a feeling of unreality on day 5. The
subject withdrew from the study and recovered unevent-
fully. This subject had an estimated CT half-life of 95 h
based on two plasma concentration measurements. In this
subject the S/R CT ratio was 1.0 at both sampling times.
The corresponding mean ± s.d. S/R-CT ratios immedi-
ately predose were 0.56 ± 0.07, 0.71 ± 0.30 and
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0.99 ± 0.03, for the EMDe/EMMe, PMDe/EMMe and
EMDe/PMMe panels, respectively.

All subjects in panels EMDe/EMMe, PMDe/EMMe, and
EMDe/PMMe completed the study. CT concentrations
showed only minor variation during a dosage interval for
both enantiomers and its metabolites within each panel,
except for R-DCT and R-DDCT that showed a slight
increasing tendency (Figure 1). Cmax of CT was most
often attained 2 or 4 h after the last tablet intake in all
three panels. There were significant differences between
the panels in AUC of S-CT (Kruskal–Wallis ANOVA

P = 0.02). There was no significant difference between
groups in AUC S-DCT, but a strong trend for R-DCT
with P = 0.05 (Table 2).

As shown in Table 2, mean AUC of (S) CT was
significantly higher for panel EMDe/PMMe compared to
panels EMDe/EMMe (P < 0.01) and PMDe/EMMe

(P < 0.01). The mean AUC difference between EMDe/
EMMe and the two other panels was 340 nmol*h/L (95%
CI 186-495). (R) CT was not significantly different
between the panels with mean difference between EMDe/
PMMe and PMDe/EMMe of 70 nmol*h/L  (95% CI-91-

Figure 1 Plasma concentrations of enantiomers of citalopram (CT) and its metabolites desmethylcitalopram (DCT) and 
didesmethylcitalopram (DDCT) in the panels EMDe/EMMe, PMDe/EMMe, and EMDe/PMMe during a dosage interval (0–12 h) after racemic 
CT had been given for seven days. AUC statistical difference is marked, indicating paired t-test significance levels of *P < 0.05 and 
**P < 0.01 compared with the panel EMDe/EMMe. Total concentrations of DDCT (S- plus R-DDCT) were below the limit of 
quantification in panel PMDe/EMMe.
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230), and 29 nmol*h/L (95% CI-121-180) between
EMDe/EMMe and PMDe/EMMe was and 102 (95% CI-
150-359) between PMDe/EMMe and EMDe/PMMe. In
contrast to (S) CT, the AUC of (S) DCT was lower in
panel EMDe/PMMe with mean difference 29 nmol*h/L
(95% CI 6-52) (P < 0.01) and higher in panel PMDe/
EMMe with mean difference 27 nmol*h/L (95% CI-43-
97) (P < 0.01) compared to panel EMDe/EMMe. The pan-
els differed for (R) DCT in a similar way as for (S) DCT.
The enantiomers of DDCT could be quantified in the
two panels with EMDe (Figure 1). All subjects of panel
PMDe/EMMe had detectable levels of DDCT, however
below the limit of quantification of 5 nM of the sum of
the two enantiomers.

The plasma S/R-CT AUC ratio was significantly cor-
related with the urinary S/R-mephenytoin ratio in the
18 subjects of all three panels (rs = 0.85; P < 0.01) (Figure
2). However, when CYP2C19 PMs were excluded, the
rs value was ony 0.49 (Figure 2).

There were no differences between the three panels
regarding the amount of CT or DCT excreted, with the
single exception of R-DCT (P = 0.05) (Table 3). Differ-

ences between groups for DDCT could not be estimated
since the concentrations could not be quantified in the
urine samples from the PMDe/EMMe panel. Total recovery
of CT, DCT plus DDCT in urine was about 35% of the
administered dose in all subjects. The mean renal clear-
ances of S-CT and R-CT were about 4 l h-1, and did
not vary significantly between the panels. The apparent
renal clearances of the metabolites DCT and DDCT
were higher than those of CT, and did not differ between
the panels.

The following adverse events were reported: nausea (6
subjects), diarrhoea (4), dry mouth (4), fatigue (3), head-
ache (3), yawning (3), and constipation (1). Four subjects
did not report any adverse events. The only serious event
was that reported by the single PMDe/PMMe subject.
Interestingly, three individuals reported a feeling similar
to an alcohol hangover. Two of these (one from the
PMDe/EMMe panel and one from the EMDe/PMMe panel)
also reported frequent yawning.

Discussion

Based on blood sampling at two time-points, the PMDe/
PMMe subject had a CT terminal half-life of 95 h. This
is longer than the median half-lives of 37 h in healthy
subjects (n = 12), 50 h in patients with significant renal
impairment (n = 7), and 83 h in patients with liver cir-
rhosis (n = 9) [21]. Since the S/R-CT ratio was foud to
be 1.0 in the two blood samples from this subject, the
two enantiomers were eliminated at the same rate. In this
regard this PMDe/PMMe subject was similar to individuals
in the EMDe/PMMe panel who lacked CYP2C19. EMMe

showed stereospecific elimination of CT by CYP2C19.
Although the PMDe/PMMe geno- and phenotype is rare
(approximately two per thousand in a European or Asian
population and five per thousand in Tanzanians), clini-
cians should be aware that these individuals may need a
lower dose of CT.

After 7 days, predose concentrations of CT were sim-
ilar at time points 0 and 12 h for all subjects, reflecting
steady state conditions. For DCT and DDCT, there was

Table 2 AUC (mean ± s.d.) of the enantiomers of citalopram (CT) and its metabolites desmethylcitalopram (DCT) and 
didesmethylcitalopram (DDCT) during steady-state of citalopram (racemic citalopram 20 mg daily for 7 days) in healthy Swedish volunteers 
divided into the three different panels (n = 6 in each panel).

AUC, nmol h-1 l-1 S-CT R-CT S-DCT R-DCT S-DDCT R-DDCT

EMDe/EMMe 530 ± 183 868 ± 249 208 ± 37 233 ± 46 37 ± 8 59 ± 10
PMDe/EMMe 451 ± 155 941 ± 158 237 ± 43 251 ± 66 NQ NQ
EMDe/PMMe 830 ± 128 839 ± 145 182 ± 33 172 ± 26 34 ± 9 50 ± 18
Kruskal–Wallis ANOVA, P 0.02 0.61 0.11 0.05 – –

NQ, Not quantifiable.

Figure 2 Correlation between plasma S/R AUC 0–12 h 
citalopram (CT) ratio and urinary S/R mephenytoin 0–8 h ratio 
in 18 subjects who were previously phenotyped with mephenytoin 
in a screening programme and who now received racemic CT 
20 mg daily for 7 days until steady-state (Spearman r = 0.85; 
Spearman r2 = 0.72; P < 0.01). EMDe/EMMe (�); PMDe/EMMe (�); 
and EMDe/PMMe (�).
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a tendency for a slight increase in trough values after 12 h
in the majority of subjects, and thus steady-state condi-
tions had probably not quite been achieved.The plasma
concentrations of DCT were higher than those of
DDCT, as reported previously [22].

The higher plasma concentrations of S-CT and lower
concentrations of S-DCT PMMe indicate that the N-
demethylation of S-CT is catalysed by CYP2C19. How-
ever, the difference in the AUC of S-DCT between the
two phenotypes was smaller than the difference in the
AUC of S-CT. This discrepancy may be due to inhibition
of further CYP2D6 metabolism of DCT by high con-
centrations of CT in the PMMe panel. CT is a known
CYP2D6 inhibitor with a Ki of 5.1 mm in vitro. However,
racemic CT was used in the latter study, and it is not
known whether the enantiomers differ in their inhibitory
potency. As the plasma concentrations of R-DCT were
low in EMDe/PMMe, R-CT also might be partly N-
demethylated by CYP2C19, despite the fact that there
was no difference in R-CT between the panels (Figure
1). The PMDe panel had higher concentrations of both
S-DCT and R-DCT compared to the other panels. In
addition, S- and R-DDCT were not detected in the
PMDe/EMMe panel. This indicates that both enantiomers
of DCT are partially N-demethylated by CYP2D6. This
finding confirms previous studies, that the first N-
demethylation of CT is catalysed mainly by CYP2C19
[9], and the second mainly by CYP2D6 [10, 11].
Furthermore, CYP3A4 also contributes to the N-
demethylation of CT [15, 23].

The AUC S/R ratio of CT correlated significantly
with the S/R ratio of mephenytoin, suggesting that the
S-enantiomers, but not the R-enantiomers of CT are
metabolized by CYP2C19.

Urinary recovery or renal clearance of CT and its
metabolites did not differ significantly between the phe-
notyped panels. Total recovery was about 35%, which is
similar to the results of other studies [15, 21, 24]. There
were no differences between the panels regarding renal
clearance.

Three individuals from three different panels reported
hangover feeling. Two of these also reported frequent
yawning, which is mediated via oxytocinergic neurones
in the hypothalamus and other neuronal systems with
acetylcholine or serotoninergic receptors [25]. One study
has shown increased yawning in young rats treated with
CT [23]. The three subjects with a hangover feeling had
the highest concentrations of the two CT enantiomers
(Fisher’s test, P < 0.001). This might indicate a possible
clinical correlation. Speculatively, this may be related to
the occurrence of the mania recently associated with
high-dose SSRI treatment [26, 27].

In conclusion, PMs of mephenytoin developed signif-
icantly higher plasma concentrations of S-CT than EMs,T
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and thus may require a smaller dose to achieve the same
efficacy, since S-CT is the active enantiomer. CYP2C19
appears to be the main enzyme contributing to the
metabolism of S-CT, and to a very small extent, R-CT.
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the study and the cooperative work of RN Katarina
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