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Determination of Fluvoxamine Concentration in 
Plasma by Reversed-Phase Liquid 
Chromatography 
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Fluvoxamine, a serotonin re-uptake inhibitor, was quantified in plasma by modifying a previously published 
procedure for monitoring plasma concentrations of tricyclic antidepressants. Alkalinized plasma samples were 
extracted with n-hexanelisoamyl alcohol, followed by back-extraction with diluted phosphoric acid. The extracts 
were analysed by reversed-phase liquid chromatography using a (2-18 column, with phosphatelacetonitrile as the 
mobile phase. The assay was linear from 10 to 800 pg/L. Precision studies showed within-run and day-to-day 
coefficients of variation to be 4.5 and 6.8%, respectively. Desipramine interfered with the detection of 
fluvoxamine. The assay was used to measure a total of 8 plasma samples from 4 alcohol-dependent patients 
medicated with fluvoxamine as an adjunct to relapse prevention psychotherapy. In these patients, the plasma 
concentrations ranged from 54 to 241 pg/L. Dosage of fluvoxamine, duration of treatment, interval between last 
dosage and blood collection were associated with effects on plasma concentrations that were consistent with the 
pharmacokinetic profile of fluvoxamine. 

INTRODUCTION 

Fluvoxamine is an investigational serotonin reuptake 
inhibitor(SR1) (Benfield, 1986; Claassen, 1977; De 
Bree et al., 1983; Goodman et al., 1989,1990; Lapierre 
e t a f . ,  1983, 1987; Saletu el al., 1977; Wakelin, 1982). It 
is being investigated for the treatment of major affec- 
tive disorders, including major depression, panic and 
obsessive-compulsive disorders, and the management 
of obese patients with depression (Abell et al.,  1986). 
Figure 1 shows the structure of fluvoxamine maleate, 
chemically known as S-methoxy-4-(trifluoromethyl) 
valerophenone (E)-O-(2-aminoethyl)oxime maleate 
(Wakelin, 1982). Fluvoxamine is functionally similar to 
fluoxetine (Fuller. eta/.,  1991; Wong et al., 1990) and 
sertraline (Heym and Koe, 1988; Koe, 1990; Wong et 
al., 1994), other recently introduced SRTs, in that its 
effects are selective for serotonin. Consequently, 
unlike tricyclic antidepressants, fluvoxamine has mini- 
mal cardiotoxicity or anticholinergic effects. 

From both in vitro and in vivo studies, Claassen et af. 
(1977) showed that fluvoxamine was specific in inhibit- 
ing 5-hydroxytryptamine(5HT) re-uptake, including 
that in blood platelets and brain synaptosomes. A 
pharmacokinetic study showed that fluvoxamine was 
well absorbed after oral administration (Benfield and 
Ward, 1986). Peak plasma concentrations, occurring 
1.5 to 8 h after oral administration of 100 mg of fluvoxa- 
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Figure 1. Chemical structure of fluvoxamine. (€)-5-methoxy-4’- 
(trifluoromethy1)valerophenone 0-(2-aminoethyl)oxime maleate 
( 1 : l ) .  

mine, ranged from 31 to 87pglL (De Bree, et al., 
1983). The volume of distribution was over 5 L/kg, and 
protein binding was about 77%. Elimination was bipha- 
sic with half-lives of 2 and 15 h. After 48 h, 95% of the 
dose was recovered in the urine. Fluvoxamine was 
primarily demethylated, with deamination as the 
secondary pathway, and nine to eleven metabolites had 
been identified. The metabolites produced by the two 
major pathways were shown to be pharmacologically 
inactive, i.e. they produced no effects on neuronal 
norepinephrine or 5-HT uptake (Benfield and Ward, 
1986). Nathan et al. (1990) compared the neurophar- 
macologic selectivity of fluvoxamine and desipramine. 
Among the 17 patients receiving fluvoxamine, there 
was a direct linear relationship between plasma fluvox- 
amine levels and clinical response. The total mean 
plasma levels ranged from 131 to 281 pg/L at day 6 and 
day 27 respectively. De Vries et af. (1992) recently 
demonstrated that the pharmacokinetics of fluvoxa- 
mine in young and elderly subjects were similar, and 
that fluvoxamine was extensively metabolized, with 
only 3% of the dose detected as parent drug in urine. 

Recently, Gupta (1992) reviewed both chromato- 
graphic and immunoassay methodologies for antide- 
pressant monitoring. The early study by De Jong 
(1980), not included in the above survey, described a 
direct HPLC assay for both clovoxamine and fluvoxa- 
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mine in plasma. Plasma samples containing either clo- 
voxarnine or fluvoxamine were mixed with phosphate 
and fluorescamine. Following centrifugation, superna- 
tants were injected into an HPLC with RP-2 as the 
precolumn and RP-8 as the analytical column. For 
concentrations less than 3 OOpglL, column washing and 
switching were performed after a selected number of 
analyses. Detection was carried out by fluorescence: 
excitation was 380nm and emission was 470nm. The 
calibration was linear from 10 to  10OOpg/L, and the 
detection limit was 3pglL.  More recently, Foglia et af. 
(1989) described an HPLC assay using clovoxamine as 
the internal standard. Samples were extracted by hep- 
tane : isopropanol, followed by back-extraction with 
diluted hydrochloric acid. Reversed-phase liquid chro- 
matographic analysis was performed by using Nucleosil 
C-8 with acetonitrile and phosphate as the mobile 
phase and detection at 215nm. Detection limit was 
25pglL. Mean plasma concentrations were 256 and 
269pglL. Pommery and Lhermitte (1989) performed a 
fluorescence assay using metapramine as the internal 
standard. Samples were extracted with ether: hexane, 
followed by back-extraction with sulphuric acid. After 
alkalinization, the aqueous extracts were mixed with 
ether: hexane. The transferred organic phase was eva- 
porated, followed by derivatization with dansyl chlor- 
ide. Chromatographic conditions were: column, 
Hypersil C-18; mobile phase, acetonitrile: water gradi- 
ent, fluorescence detection, excitation, 7.54, 7.60, 
emission, 3.71,4.76 filter combinations. Detection limit 
was 1.5 ,ug/L. Van Der Meersch-Mougeot and Diquet 
(1991) showed a simple normal-phase HPLC assay 
using clovoxarnine as internal standard, and hexane as 
the extractant. Chromatographic analysis was carried 
out by using the normal-phase Resolve silica, with 
methanol : acetonitrile : THF: water: diethylamine as the 
mobile phase, and detection at 254 nm. Detection limit 
was 0.5 pglL. Plasma samples spiked with fluvoxamine, 
but not patient samples, were analysed. Gupta (1992) 
described a solid-phase extraction procedure with 
BondElut C-18. The internal standard was trirnipra- 
mine. After introducing the sample, the extraction 
column was washed with water, methanol: water, and 
then eluted with methanol :perchloric acid: tetramethyl 
ammonium perchlorate. Chromatographic analysis was 
performed by using an Ultrasphere C-8 column with 
acetonitrile: water as the mobile phase, and detection at 
245 nm. The detection limit was 25pglL. Patient 
plasma concentrations were not available in that study 
either . 

Based on our experience in the systematic develop- 
ment of HPLC for monitoring antidepressant concen- 
trations (Wong and McCauley, 1981: Wong, 1985; 
Wong et al., 1986, 1990), a previously published pro- 
cedure was adapted for the measurement of fluvoxa- 
mine in plasma. The method described a well- 
established protocol utilizing analytical instrumentation 
and column-readily available in most clinical and 
pharmaceutical research laboratories. If a clinical 
laboratory has been monitoring antidepressants by the 
above published methodologies, the present procedure 
does not require the purchase of any new column, 
instrumentation or  reagents. Thus the transfer and 
validation of this method by that clinical laboratory 
may be readily expedited, readily fulfilling the require- 
ments of the various regulating governmental agencies. 

EXPERIMENTAL 

Instrumentation. Chromatographic analysis was carried out 
by using a ternary gradient liquid chromatograph, Model 
LCl9533, equipped with a Model LCl9523 variable wave- 
length detector, set at 214 nm (IBM Instruments, Danbury, 
CT, USA). A reversed-phase column, pBondapak C-18 was 
coupled to a guard column packed with Bondapak/Corasil, 
both from Waters Division of Millipore (Milford, MA, 
USA). Column temperature was maintained at 50°C by a 
water bath, and flow rate was 2mLlmin. Injection volume 
was 25 ,uL. 

Reagents. Acetonitrile, methanol, and hexane, distilled in 
glass, ultra-violet grade, were supplied by Burdick and 
Jackson Laboratories (Muskegon, MI, USA). Potassium 
dihydrogen phosphate, isoamyl alcohol, and orthophosphoric 
acid were “Baker-Analyzed” Reagent Grade (Phillipsburg, 
NJ, USA). 

Fluvoxamine was obtained from Reid-Rowel1 
Pharmaceuticals (Marietta, GA, USA), while the internal 
standard, clomipramine was obtained from Ciba-Geigy 
(Summit, NJ, USA). Primary stock solutions of fluvoxamine 
and clomipramine were prepared by dissolving 10mg in 
10 mL of methanol with the resultant concentration of 1 g/L. 
Aqueous working stock solutions were prepared by diluting 
10OpL of the above stock solutions with 10 mL of water. The 
concentration was 10 ng/pL. 

Mobile phase. Potassium dihydrogen phosphate, 13.61 g, was 
dissolved in 2 L of distilled water, followed by adjusting the 
pH to 4.7 with potassium hydroxide. The filtered phosphate 
was mixed with acetonitrile (6:4), followed by degassing. 

Sample collection. A total of 8 blood samples were drawn with 
EDTA Vacutainer from 4 patients who had received 100- 
200 mg of fluvoxamine per day for 7 to 12 weeks in an effort 
to enhance the effects of psychotherapy in the prevention of 
relapse to heavy drinking (Kranzler et ul. ,  1994). Sampling 
time ranged from 2-20.5 h (mean 8.5 h, median 6.5 h). 

Procedures. The three-step extraction protocol was essen- 
tially the same as a previously published antidepressant 
assay-alkalinization, organic extraction, and diluted acid 
back-extraction, followed by reversed-phase liquid chromato- 
graphy. To a series of 2mL aliquots of drug-free plasma in 
polypropylene tubes, 0, 10, 20, 40 and 80pL of the working 
fluvoxamine stock solution were added, followed by vortex- 
ing. Aliquots, 40 pL, of working internal standard solutions 
were added to these standard samples, quality control sam- 
ples spiked with about 200 pg/L of fluvoxamine, and patients’ 
plasma samples, followed by further vortexing. Then, these 
samples were alkalinized by the addition of 2 mL of 1 N 
NaOH, followed by 5 mL of hexane:isoamyl alcohol (99: 1). 
After capping these tubes, extraction was carried by tube 
rotation. The organic and aqueous layers were separated by 
centrifugation, and the organic layers were transferred with 
silanized pipettes for acid back-extraction with 200pL of 
0.05% phosphoric acid. The aqueous solution, containing 
fluvoxamine, was transferred and injected into the HPLC for 
analysis. 

Precision studies. Quality control samples were prepared by 
the addition of fluvoxamine in drug-free plasma. By analysing 
a series of these samples, the within-run and day-to-day 
precisions were established. 
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Figure 2. Calibration curve for fluvoxamine. 

RESULTS AND DISCUSSION 

Figure 2 shows that the calibration curve is linear up to 
8OOygIL. Figure 3 shows the chromatograms of 
extracts of drug-free plasma, 200 yg/L plasma 
standard, and a patient’s plasma containing an esti- 
mated 165 pg/L of fluvoxamine. Sensitivity was esti- 
mated to be 10 yglL at a signal-to-noise ratio of 3 .  
Recovery was about 65%. Coefficients of variation, 
determined by analyses of 200pg/L  samples, for the 
within-run ( n  = 5 )  and day-to-day ( n  = 6) precision were 
4.5 and 6.8%, respectively. Table 1 lists the capacity 
factors of some commonly used drugs tested for poss- 
ible assay interference. Desipramine interfered with 
the detection of fluvoxamine. The assay was used to 

Table 1. 
Drug 

Acetaminophen 
Codeine 
Meperidine 
Phenobarbital 
Amoxapine 
Phenytoin 
Pentobarbital 
Oxazepam 
Lorazepam 
Secobarbital 
FI u razepam 
Chlordiazepoxide 
Doxepin 
Cimetidine 
Fluvoxamine 
Desipramine 
Nortriptyline 
Norfluoxetine 
lmipramine 
Propoxyphene 
Amitriptyline 
Fluoxetine 
Diazepam 
Chlorpromazine 
Perphenazine 
Clomipramine 
Prochlorperazine 
Thioridazine 
Trifluoperazine 

k 
0.00 
0.00 
0.12 
0.84 
1.67 
1.40 
1.56 
1.79 
1.88 
1.88 
2.04 
2.18 
2.20 
2.36 
2.43 
2.44 
2.74 
2.90 
2.90 
3.48 
3.49 
3.50 
3.99 
4.15 
4.92 
5.30 
6.04 
8.44 
8.44 

2 

Figure 3. Chromatograms of plasma extracts of: (a) a 200 pglL 
plasma standard; (b) a patient’s plasma with an estimted 
concentration of 165 pg/L of fluvoxamine. Peak identification : 
(1) fluvoxamine, 6 min; (2) internal standard, clomipramine, 
11 min. 

estimate concentrations for patients medicated only 
with fluvoxamine. The patients’ characteristics, and 
their plasma fluvoxamine concentrations are shown in 
Table 2. 

As shown by several previously published antide- 
pressant assays (Wong and McCauley, 1981; Wong, 
1985; Wong et al., 1986,1990), the approach was to use 
a simple three-step extraction, followed by reversed- 
phase liquid chromatography for reproducible analysis. 

Table 2. Patient characteristics, fluvoxamine dosages, and 
plasma concentrations 

Daily 
dosage 

Patient Sex Age (mgl 

M 35 200 A 
F 55 100 B” 

100 
M 27 200 C 

200 
200 
200 

M 33 200 D 

Duration 
of treatment Last dose 

(week) (mgl 

6 50 
7 100 

12 100 
6 50 

12 100 
12 50 
12 50 
6 50 

Tlme since 
last dose 

(h) 

2 
15 

20.5 
2.5 
9 
2 

13 
4 

a Patient was also taking 125 mg per day of verapamil. 

Plasma 
Mnc. 

BglL 
142 
54 
69 

241 
1 53 
165 
118 
218 
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Analysis was carried out by the readily available pBon- 
dapak C-18 column, so that the procedure may be 
easily transferred to clinical and research laboratories. 
The precision and calibration studies showed accep- 
table results. The present procedure was different from 
the published procedure described by De Jong (1980) 
in that this study utilized the traditional manual extrac- 
tion, and reversed-phase liquid chromatographic analy- 
sis with readily available UV detection at 214 nm. From 
the limited clinical studies, the plasma concentrations 
were readily detectable without using flourescence 
detection, obviating the derivatization process and the 
less common fluoresence detector. As indicated by De 
Jong, the on-line extraction by the pre-column had to 
be changed after 5-10 samples were analysed, which 
may limit its ready adaptation as a routine clinical 
procedure. Further, that study demonstrated the pro- 
cedure by using spiked plasma samples, while the 
present study used patient samples. In comparison with 
the other published studies, the present procedure 
utilized a readily available internal standard, clomipra- 
mine, instead of metapramine, clovoxamine or trimi- 
pramine. The three-step liquid-liquid extraction pro- 
cedure is well established, and similar to the procedure 
used by Foglia et al. (1989), but simpler than that of 
Pommery and Lhermitte (1989). In terms of reagent 
and other materials, the cost of this procedure is proba- 
bly lower than the solid-phase extraction procedure 
described by Gupta (1992). Owing to the established 
reproducibility of a reversed-phase, this procedure may 
be more adaptable for use in a clinical laboratory than 
the normal-phase procedure (Van Der Meersch- 
Mougeot and Diquet, 1991). The detection limit of 
IOpglL is adequate, but not as sensitive as the fluores- 
cence detection and the normal-phase procedure. The 
clinical efficacy was established by the clinical monitor- 
ing of fluvoxamine in four patients. 

Table 2 shows the pertinent patient information. 
Plasma samples drawn 2-20.5 h following a dose of 50- 
100 mg of fluvoxamine in patients who were taking the 
drug chronically (i.e. daily for 6-12 weeks) at a daily 
dosage of 100-200 mg of fluvoxamine, yielded a range 
of concentrations from 54 to 241pglL. This compares 
favourably with an earlier study (De Bree, et ul., 1983) 
of patients receiving a single dose of 100mg, among 
whom the peak plasma concentration of fluvoxamine, 

obtained 1.5-8 h after ingestion, ranged from 31 to 
87pglL. A recent study by Nathan et al., (1Y90) 
showed that for a mean daily dose of 203 mg of fluvoxa- 
mine, the mean plasma concentrations were 131 and 
281pgIL at day 6 and day 27. 

In the present study, the lowest plasma concentra- 
tions were seen in the patient who was taking the lowest 
daily dosage of fluvoxamine (patient B). In that 
patient, two plasma samples obtained after a compar- 
able interval (15-20.5 h) following a 100 mg dose of 
fluvoxamine, yielded comparable fluvoxamine concen- 
trations. Higher plasma concentrations would be 
expected in patients taking a higher daily dosage or 
from whom blood was drawn relatively soon after the 
last dose of medication was taken. The highest plasma 
concentrations were found among the other three all of 
whom were receiving 200mg per day of fluvoxamine. 
In these patients, plasma concentrations obtained in 
samples collected 2-4 h after the last dose of medica- 
tion yielded the highest concentrations (142-241 pg/L). 
The expected invcrse relationship between time 
elapsed since last dose and plasma concentration was 
also evident for patient C, from whom 4 plasma con- 
centrations were obtained. In that patient, the highest 
concentrations were observed at 2-2.5 h after the last 
dose of medication. 

Validation of this laboratory procedure was accom- 
plished through measurement of plasma concentrations 
of the drug in patients for whom data on daily dosage 
and interval since the last dose were available. The 
conccntrations obtained were consistent with previous- 
ly published data on the human pharmacokinetics of 
fluvoxamine. The results were also consistent with the 
expected effects of dosage and time since last dose in 
the patients from whom the samples were obtained. 
Thus, this procedure may be useful for the clinical 
monitoring of fluvoxamine plasma concentrations. 
Further studies of this method for assaying fluvoxamine 
plasma concentrations in other clinical studies are war- 
ranted. 
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