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This study describes a new simultaneous determination of fluvoxamine and fluvoxamino acid by automated column-switch
erformance liquid chromatography. The test compounds were extracted from 1.5 ml of plasma using chloroform–toluene (15:85

he extract was injected into a hydrophilic metaacrylate polymer column for clean-up and a C18 analytical column for separa
obile phase for separation consisted of phosphate buffer (0.02 M, pH 4.6), acetonitrile and perchloric acid (60%) (62.4:37.5:
nd was delivered at a flow rate of 0.6 ml/min. The peak was detected using a UV detector set at 254 nm. The method was valid
oncentration range 0.8–153.6 ng/ml for fluvoxamine and 0.6–115.2 ng/ml for fluvoxamino acid, and their good linearity (r > 0.998) were
onfirmed. Intra-day coefficient variations (CVs) for fluvoxamine and fluvoxamino acid were less than 6.6 and 6.0%, respectiv
ay CVs for corresponding compounds were 6.3 and 6.5%, respectively. Relative errors ranged from−18 to 9% and mean recoveries w
6–100%. The limit of quantification was 1.2 and 0.9 ng/ml for fluvoxamine and fluvoxamino acid, respectively. This method shows s
pplication for pharmacokinetic studies and therapeutic drug monitoring.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Fluvoxamine, a selective serotonin (5-HT) reuptake in-
ibitor, shows similar therapeutic efficacy to tricyclic antide-
ressants, but fewer anticholinergic and cardiovascular side
ffects[1]. Nausea is the most common side effect of fluvox-
mine [1]. Fluvoxamine undergoes extensive metabolism,
nd the major metabolite in human urine is fluvoxamino
cid[2]. A clinical trial showed that the steady-state plasma
oncentration of fluvoxamino acid was correlated with the
herapeutic outcome[3]. It appears that fluvoxamino acid as
ell as fluvoxamine contributes to the antidepressant effect
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during fluvoxamine treatment, and the combined steady-
plasma concentration correlates well with the therapeutic
come. On the other hand, the fluvoxamino acid/fluvoxam
ratio was significantly different between CYP2D6 genoty
[4]. From not only a clinical point of view but also a ph
macokinetic point of view, therefore, monitoring of both fl
voxamine and fluvoxamino acid is clinically relevant.

Several HPLC methods with ultraviolet detection
the determination of fluvoxamine concentration have b
widely reported[5–18]. Although simultaneous determin
tion of antidepressants including fluvoxamine has bee
ported[16], potential active metabolite has not been inclu
in these studies. Of these reports, only a report by Oh
et al. [16] described determination of steady-state pla
concentration of fluvoxamine and fluvoxamino acid in
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Fig. 1. Chemical structure analogues of fluvoxamine, fluvoxamino acid and
cisapride.

pressed patients. However, because preclinical pharmacoki-
netic data showedCmax of 10–15 ng/ml after a single oral
dose (50 mg) of fluvoxamine[19], the quantification limits
(10 ng/ml) of both compounds in their report[16] are too high
to obtain pharmacokinetic parameters of these compounds.
In the present study, therefore, we describe an automated
column-switching HPLC with ultraviolet detection for de-
termination of fluvoxamine and fluvoxamino acid in plasma
using a simple liquid–liquid extraction. The sensitive system
allows measurement of plasma concentrations of fluvoxam-
ine and fluvoxamino acid up to 36 and 12 h, respectively, after
an oral administration of 50 mg fluvoxamine in pharmacoki-
netic study.

2. Experimental

2.1. Chemicals

Fluvoxamine and fluvoxamino acid (Fig. 1) were synthe-
sized by Wako Pure Chemical Industries (Osaka, Japan). The
structures of these compounds were confirmed using NMR
spectra and FAB–MS. The purity of these materials was
more than 99.5%. Cisapride as internal standard (IS) (Fig. 1)
was kindly provided by Yoshitomi Pharmaceutical (Osaka,
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each stock solution with purified water. Low-concentration
working standard solution of fluvoxamine (96 ng/ml) and flu-
voxamino acid (72 ng/ml) were obtained by further diluting
the high-concentration working standard solution eight times
with purified water. Stock solutions were stable at 4◦C for at
least 3 months. Drug-free plasma from healthy donors was
used for validation studies. Calibration curves were prepared
by spiking 12.5, 25, 50�l of low-concentration working stan-
dard solutions and 12.5, 25, 50, 100, 150, 200, 300�l of
high-concentration working standard solutions in 1.5 ml of
blank plasma (final volume) to yield the following final con-
centrations: 0.8, 1.6, 3.2, 6.4, 12.8, 25.6, 51.2, 76.8, 102.4
and 153.6 ng/ml for fluvoxamine and 0.6, 1.2, 2.4, 4.8, 9.6,
19.2, 38.4, 57.6, 76.8 and 115.2 ng/ml for fluvoxamino acid.
Standard curves were prepared daily and constructed by lin-
ear regression analysis of the compounds/internal standard
peak-height ratio versus the respective concentration of flu-
voxamine and fluvoxamino acid. Stock solution of each com-
pound was separately prepared for quality controls in the
same manner as for standard curves. Working plasma solu-
tions were obtained by dilution of new stock solutions 1000
times (360�g/ml for fluvoxamine and 270�g/ml for fluvox-
amino acid) with blank plasma to yield 360 ng/ml for flu-
voxamine and 270 ng/ml for fluvoxamino acid. Quality con-
trol samples were obtained by spiking 5–400�l of working
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hloric acid, toluene and chloroform were purchased f
ako Pure Chemical Industries (Osaka, Japan). Wate

eionized and purified using a Milli-Q system (Millipo
edford, MA, USA).

.2. Drug solutions

Stock solutions of fluvoxamine, fluvoxamino acid and
or generating standard curves were prepared by dis
ng an appropriate amount of each compound in meth
o yield concentrations of 76.8, 57.6 and 1000�g/ml, re-
pectively. High-concentration working standard solut
f fluvoxamine (768 ng/ml), fluvoxamino acid (576 ng/m
nd IS (10�g/ml) were obtained by 100 times dilution
lasma solutions in 1.5 ml of blank plasma (final volume
ield the final concentrations range of 1.2, 24 and 96 n
or fluvoxamine and 0.9, 18 and 72 ng/ml for fluvoxam
cid, and kept at−20◦C until analysis. All standard curv
ere checked using these quality control samples.

.3. Sample collections

A tablet containing 50 mg of fluvoxamine (Luvox®, Fu-
isawa Pharmaceutical, Osaka, Japan) was orally adm
ered to each of 10 healthy volunteers. Their mean (ra
ge was 31 years (25–36 years) and body weight was
54–85 kg). Blood samples were obtained before and a
, 2, 3, 4, 6, 8, 10, 12, 24, 36 and 48 h after the dos
lood samples were collected in heparinized tubes and

rifuged immediately at 2500×g for 10 min. The plasma wa
tored at−20◦C until analysis. The study protocol was
roved by Ethical Committee of Hirosaki University Sch
f Medicine and Ethical Committee of Yamagata Univer
chool of Medicine and a written informed consent was g

rom each subject.

.4. Apparatus

The column-switching HPLC system consisted of
himadzu LC-10AT high-pressure pumps (for eluent A
), a Shimadzu CTO-10A column oven and a Shima
ork station CLASS-VP chromatography integrator (Kyo

apan), a Shimadzu SPD-10AVP (Kyoto, Japan), a T
ultiple autovalve PT-8000, and a Tosoh autosampler
020 (500�L injection volume) (Tokyo, Japan). A TSK g
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PW precolumn (a hydrophilic metaacrylate polymer column)
for sample clean-up (column I; 35 mm× 4.6 mm ID, particle
size 10�m; Tosoh, Tokyo, Japan) and a C18 STR ODS-II col-
umn as an analytical column (column II; 150 mm× 4.6 mm
ID, particle size 5�m; Shinwa Chemical Industry, Kyoto,
Japan) were used.

2.5. Extraction procedure

IS (cisapride) 80�L of 10�g/ml, 1.0 ml NaOH (0.25 M)
were added to 1.5 ml of plasma. The tubes were vortex-mixed
for 10 s and 5 ml of toluene–chloroform (85:15, v/v) was
added as extraction solvent. After 10 min of shaking, the mix-
ture was centrifuged at 1700×g for 10 min at 4◦C, and the
organic phase was evaporated in vacuo at 45◦C to dryness
(TAITEC VC-960, Shimadzu, Kyoto, Japan). The residue
was dissolved with 750�L of eluent A and used as an ex-
tract.

2.6. Chromatographic condition

Column-switching chromatographic condition was set
based on our previous report[20]. A 0.5 ml portion of the
extract was automatically injected into the HPLC system.
Column-switching time schedule was set based on retention
t en-
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Table 1
Extraction recovery of analytes from plasma (n=6)

Analyte Concentration
added (ng/mL)

Recovery (%) CV (%)

Fluvoxamine 1.2 94.8 0.77
24.0 94.8 0.66
96.0 94.9 0.71

Fluvoxamino acid 0.9 96.4 0.91
18.0 96.7 0.90
72.0 96.4 0.64

A mobile phase with the same pH was adjusted with phospho-
lic acid as with 0.1% perchloric acid did not lead to separation
of any these compounds, suggesting a specific effect of per-
chloric acid but not pH on this method. The chromatogram
of an extracted blank plasma sample is shown inFig. 2A.
A representative chromatogram of an extracted blank plasma
sample spiked with working aqueous solution containing flu-
voxamine and fluvoxamino acid and cisapride (internal stan-
dard) is shown inFig. 2B (2.4 and 1.6 ng/ml, respectively)
and C (96 and 72 ng/ml, respectively). The chromatograms
of extracted plasma samples obtained from a patient receiv-
ing fluvoxamine 100 mg/day did not show interference peaks
(Fig. 2D). All compounds were well separated from each
other and from the front of the solvent peaks. Plasma con-
centrations were 41.7 ng/ml for fluvoxamine and 44.8 ng/ml
for fluvoxamino acid.

3.2. Recovery and linearity

Absolute recovery from plasma was calculated by compar-
ing the peak areas of pure standards prepared in purified wa-
ter, and injected directly into the analytical column with those
of extracted plasma samples containing the same amount of
the test compound (n= 6 each). Recoveries and their CV val-
ues were determined at three different concentrations ranging
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ime of fluvoxamino acid in column I (about 12 min), ret
ion time of achievement of maximal recovery of fluvoxa
ne from column I to column II (about 17 min) and rete
ion time of appearance of interference peaks (about 20
rom 0 to 11.5 min after the sample injection, fluvoxam
uvoxamino acid and IS were separated from the interfe
ubstances present in the extract on column I with a
ile phase (eluent A) of phosphate buffer (0.02 M, pH 4
cetonitrile and perchloric acid (60%) (92.4:7.5:0.1, v/v
etween 11.5 and 18.0 min after the injection, two ana
nd IS retained on column I were eluted with a mobile ph
eluent B) of phosphate buffer (0.02 M, pH 4.6), acetoni
nd perchloric acid (60%) (62.4:37.5:0.1, v/v/v), and efflu

rom column I was switched to column II. Then fluvoxam
nd fluvoxamino acid were separated on column II by elu
ith eluent B (between 18.0 and 35.0 min). The flow rate
luents A and B were 1.2 and 0.6 mL/min, respectively.

emperatures of column I and II were about 25 (room tem
tures) and 30◦C, respectively. The peak was detected u
UV detector set at 254 nm. The peak area was used f
uantification of these two compounds.

. Results and discussion

.1. Chromatography

Effects of constitution ratio of perchloric acid (0, 0.1, 0
nd 1.0%) in mobile phase on peak separation of fluvox

ne, fluvoxamino acid and IS were investigated, and 0.1%
hloric acid obtained optimal separation of these compou
rom 1.2 to 96 ng/ml for fluvoxamine and from 0.9 to 72 ng
or fluvoxamino acid. Recoveries and their CV values w
4–96% with less than 1% for both compounds (Table 1).
alibration curves were linear over the concentrations r

rom 0.8 to 153.6 ng/ml (r > 0.998) for fluvoxamine and fro
.6 to 115.2 ng/ml for fluvoxamino acid (r > 0.999).

.3. Sensitivity

Chloroform, toluene,n-hexane, heptane, isopropyleth
iethylether and ethyl acetate and their combination wer
estigated. The combination of toluene–chloroform (85
/v) was the highest sensitivity among these organic solv
ecause of flat baseline. The limit of detection was defi
s analyte responses that were at least three times t
ponse compared to blank response. The limits of dete
f fluvoxamine and fluvoxamino acid were 0.4 and 0.3 ng
espectively. The lowest standard on the calibration c
as defined as the limit of quantification as analyte p
y which both compounds in blank plasma were identifia
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Fig. 2. Representative chromatogram of extracts of blank plasma (A) and extracts of plasma spiked with 2.4 ng/ml for fluvoxamine and 1.6 ng/ml for fluvoxamino
acid (B) and 96 ng/ml for fluvoxamine and 72 ng/ml for fluvoxamino acid (C) and plasma from a patient (D). The peak 1 corresponds with fluvoxamino acid;
peak 2 with cisapride; peak 3 with fluvoxamine.

discrete and reproducible with a precision of 20% and accu-
racy of 80–125%. The limits of quantification were 1.2 ng/ml
for fluvoxamine and 0.9 ng/ml for fluvoxamino acid.

3.4. Precision and accuracy

Intra- and inter-day precision and accuracy were evaluated
by assaying quality controls with three different concentra-
tions of two compounds. Intra- and inter-day precisions were
assessed by analyzing six quality control samples at each con-
centration on the same day and by analyzing a quality control
for 6 days, respectively. These extracts underwent the same
column-switching procedure. Intra-day coefficient variations
(CVs) for fluvoxamine and fluvoxamino acid were less than
6.6 and 6.0%, respectively. Inter-day CVs for corresponding
compounds were 6.3 and 6.5%, respectively (Table 2). Ac-

Table 2
Precision (CV) and accuracy (relative error) for determination of analytes in
spiked plasma (n= 6)

Analyte Concentration
added (ng/mL)

Intra-day Inter-day

CV
(%)

Relative
error (%)

CV
(%)

Relative
error (%)

Fluvoxamine 1.2 6.6 −5.8 6.3 −10.0

F

curacy was expressed as mean percent error (relative error)
[(measured plasma concentration− spiked concentration in
plasma)/spiked concentration in plasma]× 100 (%) of each
quality control plasma sample, while precision was quanti-
tated by calculating intra- and inter CV values.

3.5. Drug concentrations in human plasma

Fig. 3 shows the mean plasma concentration versus time
curves of fluvoxamine and fluvoxamino acid after an oral
administration of fluvoxamine (50 mg) in 10 subjects. The
pharmacokinetic parameters of fluvoxamine and fluvoxam-
ino acid are summarized inTable 3.

F uvox-
a dose
o

24.0 2.1 −3.8 3.7 −5.1
96.0 0.8 −1.3 1.0 −2.3

luvoxamino acid 0.9 6.0 −7.8 6.5 −10.9
18.0 2.1 −5.6 2.8 −5.5
72.0 1.1 −1.3 1.2 −2.4
ig. 3. Mean plasma concentration–time curves of fluvoxamine and fl
mino acid from 0.5 to 36 h in 10 healthy volunteers after a single-oral
f fluvoxamine 50 mg. Error bars indicate standard deviation.
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Table 3
Pharmacokinetic parameters of fluvoxamine and fluvoxamino acid after a
oral 50 mg dose of fluvoxamine in 10 healthy volunteers

Parameters Mean± S.D.

Fluvoxamine
Cmax (ng/mL) 10.2± 2.7
Tmax (h) 4.5± 1.0
T1/2 (h) 14.1± 3.0
AUC(0–36) (ng h/mL) 131± 44
AUC(0–∞) (ng h/mL) 158± 64
Fluvoxamino acid
Cmax (ng/mL) 2.9± 0.8
Tmax (h) 4.0± 0.8
AUC(0–12) (ng h/mL) 21.1± 5.9

AUC, area under plasma concentration–time curve;Cmax, peak concentra-
tion; Tmax, time toCmax; T1/2, elimination half-life.

The sensitivity in the present simple HPLC method was
superior to a previous method using HPLC analysis[16],
enabling the monitoring of plasma concentrations of fluvox-
amine up to 36 h and fluvoxamino acid up to 12 h after an
administration of fluvoxamine 50 mg in all volunteers. Con-
sequently, precise pharmacokinetic parameters were obtained
from plasma concentration of fluvoxamine from 12 to 36 h
after administration in elimination phase. These results can
apply to clinical pharmacokinetic studies in patients receiv-
ing fluvoxamine treatment.

4. Conclusion

The new HPLC procedure described for simultaneous de-
termination of fluvoxamine and fluvoxamino acid is suitable
for routine analysis even though it is a little time consum-
ing. Satisfactory validation data were achieved for linearity,
precision and recovery. The limit of quantification obtained
allows measurement of not only therapeutic concentration of

fluvoxamine but also pharmacokinetic study using healthy
volunteers.
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