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ABSTRACT: A rapid and sensitive HPLC enantioselective method with fluorescence detection was developed to determine (−)-
(R) and (+)-(S) enantiomers of the metabolites of citalopram, demethyl- and didemethyl-citalopram in plasma and brain tissue.
This assay involves pre-column chiral derivatization with (−)-(R)-1-(1-naphthyl)ethyl isocyanate followed by separation on a
normal-phase silica column. The developed liquid–liquid extraction procedure permits quantitative determination of analytes with
recoveries ranged between 81 and 88% with intra- and inter-day relative standard deviations less than 10.5%. Linearity was
obtained over the concentration range 5–1000 ng/mL and 100–10,000 ng/g for spiked drug-free plasma and brain tissue, respec-
tively, with detection limits lower than 2.1 ng/mL and 42.8 ng/g. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

The antidepressant citalopram (CIT) is a potent and
highly selective serotonin reuptake inhibitor (SSRI)
which has been introduced into therapy as a racemic
drug. CIT has been used to treat central nervous
system (CNS) affective disorders such as depression,
anxiety, obsessive–compulsive disorders, various phobias,
borderline personality disorders and bipolar disorders
as well as indications wherein inhibition of serotonin
reuptake is desired (Baumann and Rochat, 1995).

Citalopram is stereoselectively metabolized in the
liver by partial N-demethylation to demethylcitalopram
(DCIT) and didemethylcitalopram (DDCIT), as well as
by oxidative deamination to a propanoic acid meta-
bolite (CIT-PROP) and by N-oxidation to CIT-N-oxide
(Baumann and Rochat, 1995). Biotransformation of
citalopram has been attributed to the specific human

hepatic cytochrome P450 enzymes (CYP3A4, CYP2C19,
and to a minimal extent CYP2D6). Neither citalopram
nor its metabolite demethylcitalopram inhibits the
activity of these or other cytochrome P450 enzymes
by more than a mild degree. The negligible affinity of
citalopram for receptors for various neurotransmitters,
enzymes and other reuptake sites is thought to account
for its relative safety and tolerability, and contribute to
the safety of the drug in view of drug–drug interactions
with other substrates (Willetts et al., 1999).

Citalopram possesses one chiral center and therefore
exists in (−)-(R) and (+)-(S) forms. In vitro studies in
rat brain have shown that the pharmacological effect of
citalopram resides mainly in the (+)-(S)-CIT enantio-
mer, and to a lesser degree in the (+)-(S)-DCIT form
(Hyttel et al., 1992), whereas (−)-(R)-CIT is considered
as pharmacologically inactive and could counteract the
activity of the (S)-enantiomer (Mork et al., 2003). These
observations have tempted the launch of (+)-(S)-CIT or
escitalopram as a new single-enantiomer drug.

Recent studies have reported novel methods for
treating depression and other CNS disorders using
enantiomerically enriched demethyl- and didemethyl-
metabolites of citalopram (Bush et al., 2003). Such com-
positions possess potent serotonin reuptake inhibitory
activity, with minimal inhibitory effects on the reuptake
of other known monoamines, e.g. norepinephrine (NE)
or dopamine (DA). Although DCIT and its immediate
downstream metabolite DDCIT possess lesser sero-
tonin reuptake inhibitory properties than citalopram,
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they retain considerable activity as SSRI, with some
differences between their enantiomers (Kosel et al.,
1998). Furthermore, their half-lives are measurably
longer compared with citalopram (Sanchez and Hyttel,
1999). These pharmacological properties could make
enantiomerically enriched DCIT and DDCIT more
appropriate for long-term therapy than the racemic or
single enantiomer forms of CIT currently under develop-
ment. These are also useful for treating or prevent-
ing other CNS disorders, cerebrovascular dysfunctions
or vascular dysfunctions, sexual dysfunctions, eating
disorders and substance abuse. A procedure is also pro-
vided for co-treatment of the aforementioned disorders,
dysfunctions, diseases or syndromes with antipsychotic,
anti-anxiety or mood-stabilizing agents without com-
promising the pharmacological/therapeutic effects of
the individual pharmaceutical agent in the co-treatment
regime (Bush et al., 2003).

These differences in activity between enantiomers
establish the need to assess its behavior in the field of
pharmacological research; it is therefore necessary to
develop an analytical methodology that makes it pos-
sible to determine the levels of enantiomer concentra-
tion (Srinivas, 2004).

Most of the published analytical methods for achiral
assay of rac-CIT and its metabolites include high-
performance liquid chromatography (HPLC) coupled
with UV (Molander et al., 2002; Titier et al., 2003;
Tournel et al., 2001), fluorescence (Kristoffersen et al.,
1999; Oyehaug et al., 1984; Raggi et al., 2003) and mass
spectrometric detection (Pistos et al., 2004), capillary
electrophoresis (CE) (Andersen et al., 2003; Pucci et al.,
2002), and to a lesser degree gas chromatography with
mass spectrometry (GC-MS) (Flanagan et al., 2006;
Nevado et al., 2006; Salgado-Petinal et al., 2005) and
nitrogen–phosphorus detector (Lacassie et al., 2000).

With regard to the monitoring of (−)-(R) and (+)-(S)
enantiomers of CIT and of their metabolites, different
HPLC (Kosel et al., 1998; Rochat et al., 1995; Zheng
et al., 2000) and CE (Mandrioli et al., 2003) stereo-
selective methods have been developed. To date, all
these methods have dealt with the use of chiral
chromatographic columns and none of them use an
indirect method based on the derivatization with a
chiral reagent.

Different procedures for extraction have been used:
liquid–liquid extraction in plasma or serum (Lacassie
et al., 2000; Pistos et al., 2004; Titier et al., 2003; Tournel
et al., 2001) and urine samples (Oyehaug et al., 1984),
solid-phase extraction in plasma (Kristoffersen et al.,
1999; Molander et al., 2002), rat brain and tissues
(Kugelberg et al., 2001, 2005), solid-phase micro-
extraction (Lamas et al., 2004; Salgado-Petinal et al.,
2005), automated online extraction (Ohman et al., 2001)
and liquid-phase micro-extraction in human plasma
(Halvorsen et al., 2001).

The objective of this work is to fulfil the need for a
rapid and low-cost method of separating the enan-
tiomers of citalopram metabolites so that clinical trials
can then be made to determine their presence in
biological matrices. It is not the aim of this work to
determine the presence of citalopram enantiomers, as
there are already published methods available for this
purpose which have proven to be effective (Baumann
and Rochat, 1995; Kosel et al., 1998; Mandrioli et al.,
2003; Zheng et al., 2000).

According to the most recent pharmacological inves-
tigations, where the therapeutic activity of the meta-
bolites of CIT has been proved, we have developed a
rapid, sensitive and low-cost routine method for the
monitoring of (+)-(S) and (−)-(R) enantiomers of DCIT
and DDCIT in rat plasma and brain tissue. This
method is based on the creation of diasteroisomers
from DCIT and DDCIT (−)-(R) and (+)-(S) enanti-
omers and their subsequent chromatographic separa-
tion using normal-phase chromatography. In addition,
owing to the fact that SPE involves multiple steps and
it could be labour-intensive and time-consuming
(Unceta et al., 2001), a new and simple liquid–liquid
extraction procedure has been improved for the isola-
tion of rac-DCIT and rac-DDCIT from plasma and
brain tissue samples.

EXPERIMENTAL

Reagents and solutions. All reagents were analytical grade
and of the highest purity available. Optically pure (−)-(R)
and (+)-(S) enantiomers of DCIT and DDCIT were kindly
donated by Lundbeck A/S (Copenhagen, Denmark). (−)-(R)-
1-(1-naphthyl)ethyl isocyanate [(−)-(R)-NEI; optical purity
95%] was supplied by Sigma-Aldrich (St Louis, MO, USA).
HPLC-grade solvents tetrahydrofuran, chloroform, isooctane,
hexane and isopropanol were purchased from Scharlab
(Barcelona, Spain). Sodium hydroxide was obtained from
Merck (Darmstadt, Germany).

Stock solutions were prepared in methanol from Scharlab
(Barcelona, Spain) to contain 1 mg/mL of each enantiomer.
Aqueous reference solution containing the mixture of the
enantiomers to a final concentration of 10 mg/L was prepared
from the standard stock solution of each compound. Working
standard solutions were prepared by diluting the appropriate
volume of the 10 mg/L reference solution to 10 mL with
water.

The derivatization reagent was a solution of 200 μM of
(−)-(R)-NEI in hexane prepared daily from pure reagent
stored at −80°C.

Control samples. Experiments were performed using blank
plasma and brain tissue samples of male Sprague–Dawley
rats (Harlan Iberica, Barcelona, Spain) kindly supplied by the
Department of Pharmacology of the University of the Basque
Country. Both plasma and brain tissue samples were stored at
−80°C until analysis.
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All the procedures involving animals and their care were
conducted in conformity with the European Communities
Council Directive on Protection of Animals Used in
Experimental and Other Scientific Purposes (86/609/EEC).

Extraction procedure. The extraction of (+)-(S)-DCIT, (−)-
(R)-DCIT, (+)-(S)-DDCIT and (−)-(R)-DDCIT was carried
out following a new and simple liquid–liquid extraction proce-
dure. In order to obtain a basic pH, 100 μL of 1 M NaOH was
added to 1 mL of plasma. The mixture was vortex-mixed and
extracted with 2 mL of hexane by shaking for 10 min. After
centrifugation at 2400 rpm the upper organic phase was
placed in a silylated tube (Teknokroma, Spain).

Brain tissue samples (30 mg) were put into 1.5 mL
Eppendorf microtubes and homogenized with an ultrasonic
cell disruptor (model Labsonic, B. Braun Mesulgen AG,
Leinfelden, Germany) in 0.5 mL of water. After centrifuga-
tion at 13,000 rpm for 10 min at 4°C in a refrigerated
centrifuge (Model Sorval RMC 14, Sorval Instruments Inc.,
Lansdale, USA), the supernatant was processed following the
liquid–liquid extraction procedure mentioned above.

The solid-phase (SPE) extraction process was controlled
with a Visiprep DL (Supelco, Bellefonte, PA, USA) vacuum
system, using negative pressure of 933.3 Pa. The extraction of
analytes was performed using C18, C8 and CN cartridges
(Waters, Milford, MA, USA).

Derivatization procedure. The determination of the (+)-(S)
and (−)-(R) enantiomers of DCIT and DDCIT required the
derivatization of the amine moiety to form diastereoisomers
(Fig. 1) which could separated using normal-phase chromato-
graphy. For the preparation of these diastereoisomeric deriva-
tives the chiral agent (−)-(R)-NEI was selected, as it permits
stable derivatization products to be obtained. In this way
200 μL of 200 μM (−)-(R)-NEI solution was added to the

extract obtained after liquid–liquid extraction and incubated
for 30 min at room temperature. Following evaporation and
dissolution of the residue in 0.25 mL of mobile phase, 100 μL
of the resulting sample were injected into the HPLC.

Apparatus and chromatographic conditions. Chromato-
graphic experiments were performed using a Hewlett Packard
(Palo Alto, CA, USA) HPLC system model HP 1100 with a
fluorescence detector, provided with an auto-sampler set at
an injection volume of 100 μL.

Chromatographic separation of the enantiomers was
achieved using a 25 × 0.46 cm Apex Silica column with a
particle size of 5 μm protected with an Apex Silica guard
column cartridge (1 × 0.4 cm), both from Jones Chromato-
graphy (Littleton, USA).

The mobile phase consisted of a mixture of hexane–
isopropanol (82:18, v/v) while the flow rate was 1 mL/min.
The excitation and emission wavelengths were set at 224 and
336 nm, respectively.

RESULTS AND DISCUSSION

Optimization of derivatization procedure

The separation proposed for the enantiomers requires
prior derivatization with a chiral reagent for the
secondary and primary amines of DCIT and DDCIT,
respectively. Among the possible chiral reagents
used for the derivatization of amines, (−)-(R)-NEI
was selected as it permits the derivatization of both
the primary and secondary amine groups, and the
diasteroisomers formed present a high level of stability
(Guo et al., 2003).

Figure 1. Derivatization of DDCIT and DCIT enantiomers with chiral (−)-(R)-
NEI reagent in dry hexane.
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method. In order to improve the sensitivity and to
guarantee an appropriate time of analysis of measure-
ments, a derivatization time of 30 min was selected.

The effect of derivatization temperature was investi-
gated by incubating between 20 and 60°C, but no varia-
tion was observed.

Chromatographic separation. In order to improve
the resolution of the chromatographic separation of the
diastereoisomers and to obtain shorter analysis times,
parameters such as chromatographic column, mobile-
phase composition and flow-gradient were studied.

After the derivatization in hexane medium of the
(−)-(R) and (+)-(S) enantiomers of DCIT and DDCIT,
the separation of the diasteroisomers obtained was
carried out by normal-phase liquid chromatography
using an Apex Silica column (5 μm, 25 × 0.46 cm) of
Jones Chromatography (Littleton, USA).

With regard to the mobile phase, assays were carried
out with apolar solvents such as tetrahydrofuran, chlo-
roform, isooctane, hexane and isopropanol. From the
results obtained it may be deduced that it was the com-
bination of hexane and isopropanol that made it possible
to obtain a better resolution in the chromatographic
peaks. Therefore work was carried out with variable
compositions of hexane and isopropanol and the chro-
matographic parameters of retention, separation and
resolution were taken into account as well as the
analysis time. Finally, the best results were obtained
for a mobile phase made up of hexane-isopropanol in a
proportion (82:18, v/v; Table 1).

Next, the effect of the column temperature was
investigated between 20 and 55°C (oven model Gekno
2000, Essex, UK), a slight decline of the chromato-
graphic signal being noticed as the temperature
increased, which, therefore, was consequently maintained
at 20°C.

The experimental conditions indicated above allowed
an effective chromatographic separation to be achieved.
A typical chromatogram of a mixture of the enantiomers
is shown in Fig. 4 were (S,R)-DDCIT, (R,R)-DDCIT,

Figure 2. Effect of (−)-(R)-NEI concentration on derivatiza-
tion efficiency. Chromatographic conditions: column, Apex
silica (5 μm, 25 × 0.46 cm); mobile phase, hexane–isopropanol
(82:18, v/v); flow rate, 1 mL/min; injected volume, 100 μL;
sample concentration, 1 μg/mL; detection wavelength, λexc,
224 nm, λem 336 nm; Symbols: (�) (S,R)-DDCIT; (�) (R,R)-
DDCIT; (�) (S,R)-DCIT; (×) (R,R)-DCIT.

Figure 3. Variation of the chromatographic response with
derivatization time. Chromatographic conditions as in Fig. 2.
Symbols: (�) (S,R)-DDCIT; (�) (R,R)-DDCIT; (�) (S,R)-
DCIT; (×) (R,R)-DCIT.

The derivatization of these compounds with (−)-
(R)-NEI requires them to be solubilized in an organic
medium. In addition, it is important that no hydroxyl
groups are present, as they react with the derivatizing
reagent, thus preventing the derivatization of the ana-
lytes. In order to increase the efficiency of derivatiza-
tion, parameters such as (−)-(R)-NEI concentration,
incubation time and temperature were studied.

The added (−)-(R)-NEI concentration was adjusted
to values ranging from 2.5 × 10−6 to 3.3 × 10−5 mol/L.
Figure 2 shows a significant increase in the chromato-
graphic response until 9.5 × 10−6 mol/L of (−)-(R)-NEI
and from this concentration onwards the response is
maintained. With the purpose of assuring the total
derivatization of all the analytes in real samples, an
excess of (−)-(R)-NEI, 1.8 × 10−5 mol/L, was added,
taking 200 μL of a 200 μM (−)-(R)-NEI solution.

The time of derivatization was studied by measuring
the peak area of each substance at different incubation
times from 0 to 240 min. Figure 3 shows a maximum
derivatization yield at about 30 min while the deriva-
tives were stable for up to 4 h, long enough to avoid
the possible limitation that this aspect may have on the

Figure 4. Chromatogram of derivatized (S,R)-DDCIT, (R,R)-
DDCIT, (S,R)-DCIT and (R,R)-DCIT under optimal experi-
mental conditions. All standards are in 200 ng/mL.
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Table 1. Capacity factor (k ′′′′′), separation factor (ααααα ) resolution of two adjacent peaks (Rij) and RSD of retention times,
for hexane–isopropanol (82:18, v/v) mobile phase and under the optimal experimental conditions outlined in the text

RSD (%) RSD (%)
Compound tr (min) k′ α Rs intraday interday

(S,R)-DDCIT 6.40 1.05 1.19 1.04 0.35 0.51
(R,R)-DDCIT 7.02 1.25 1.19 1.08 0.26 0.97
(S,R)-DCIT 7.76 1.49 1.17 1.02 0.67 0.85
(R,R)-DCIT 8.56 1.75 0.77 0.96

Table 2. Recoveries and intra- and interday RSD of doped plasma (10 and 500 ng/mL) and brain tissue (100 and 1000 ng/g) after
liquid–liquid extraction

Mean recovery RSD (%) RSD (%) Mean recovery RSD (%) RSD (%)
Compound (%) intraday interday (%) intraday interday

Plasma (10 ng/mL) Plasma (500 ng/mL)
(+)-(S)-DDCIT 81.4 5.3 7.4 82.5 6.6 8.0
(−)-(R)-DDCIT 86.3 6.7 8.1 83.2 10.0 8.6
(+)-(S)-DCIT 81.7 5.8 7.3 85.5 9.5 10.5
(−)-(R)-DCIT 85.6 4.7 5.9 88.3 6.8 6.1

Brain tissue (100 ng/g) Brain tissue (1000 ng/g)
(+)-(S)-DDCIT 82.4 3.9 6.5 81.7 4.5 8.3
(−)-(R)-DDCIT 83.9 4 7.2 85.2 3.1 7.0
(+)-(S)-DCIT 83.5 3.7 6.8 81.3 4.6 7.4
(−)-(R)-DCIT 86.4 3.0 5.6 81.4 2.0 6.3

(S,R)-DCIT and (R,R)-DCIT elute at 6.40, 7.02, 7.76 and
8.56 min, respectively, with good resolution coefficients.

Once the separation–detection method was estab-
lished, a quantitation study was carried out observing
the correlation of the fluorescence signal according to
the concentration in the range between 5 and 1000 ng/
mL for the (−)-(R) and (+)-(S) enantiomers of DCIT
and DDCIT in an aqueous solution.

The linear regression equations obtained using the
least-squares method showed correlation coefficients
higher than 0.992. The calculation of the detection
limits was based on a 2N:m ratio, where N is the noise
and m is the sensitivity or slope of the respective calib-
ration equation. The detection limits were lower than
1.0 ng/mL for all analytes in aqueous solution.

Optimization of the extraction procedure in plasma
and brain tissue samples. For the analysis of plasma
and brain tissue samples, a preliminary purification step
is necessary to remove interfering compounds, thus
increasing the selectivity of the procedure, and to extract
as many analytes as possible, thus increasing the sensi-
tivity of the analysis. Several experiments were carried
out using different kinds of SPE cartridges (C18, C8
and CN) with recoveries of 18.4, 23.3 and 12.8%
respectively. As can be seen, none of them made it
possible for satisfactory results to be obtained.

Nevertheless, the above-mentioned liquid–liquid
extraction procedure gave fairly good results improving
recovery and reproducibility. As already mentioned,
the derivatization of these compounds with (−)-(R)-

NEI requires an organic media. Therefore hexane was
selected as the extracting solvent and it was found that
a good recovery of the compounds was obtained while
no interfering substances were observed. On the other
hand, the extraction procedure in non-polar solvents
requires basic medium in order to guarantee the
presence of the non-ionic analytes.

The efficiency (recoveries) of the liquid–liquid
extraction procedure and the repeatability (or intra-day
data) were estimated by making 10 repeated extrac-
tions under the selected conditions. With regard to the
range of concentration expected in both matrices of
real samples (Kugelberg et al., 2001), they were spiked
with quantities of the analytes so that the final concen-
trations were 10 and 500 ng/mL in plasma and 10 and
1000 ng/g in brain tissue. The extraction procedure gave
fairly good recoveries with results between 81 and 88%
for both plasma and brain tissue samples (Table 2).

The samples were also analyzed at intervals over a
2-week period (n = 10) in order to determine the inter-
mediate precision (or inter-day relative standard devia-
tion, RSD), and the results in rat plasma and brain
tissue were less than 10.5%.

Once the extraction procedure was established, its
validity was assessed by the study of the analytes in
samples of spiked plasma and cerebral cortex. As can
be observed in Table 3, the calibration curves of (+)-
(S)-DCIT, (−)-(R)-DCIT, (+)-(S)-DDCIT and (−)-(R)-
DDCIT exhibited linearity in the range 5–1000 ng/mL
and 100 to 10,000 ng/g for spiked plasma and brain
tissue, respectively.
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derivatives to be obtained. The method is sensitive
enough for low level quantitation of (+)-(S)-DCIT,
(−)-(R)-DCIT, (+)-(S)-DDCIT and (−)-(R)-DDCIT in
routine analysis.
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