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SIJlb%MARY 

A high-perfomance liquid chromat~gmphic system for the direct determinakion of the 
antidepressan f~ clovoxamine and fhzvoxamin e in #&ma is described The primarg amEnes 
are derivatized with the fluomgenic reagent fluoWe in order to increase the sensi- 
tmity andselectitity, but aJ.so to decresse the polarity of the amines. The band broadening 
of some combiaations of pre-column and analytical cohmm is compared for the fluores- 
de derktive of fluvoxamine. The combination of a pre-column cor;+%ining RI?-2 and 
an analytical column conkining RP-8 has been su~fully used for the determSnation 
of the two antidep ressarrk in plasma_ At relatively low concent~&ons of the drugs, a 
simple stepgradient elution is required fez the removal of a large proportion of the more 
polar: components of thesamples_ Concentrations in the range of IO-1000 ng clovoxamine 
per A plasma were determined by meaus of external standardization and show a good 
correlation with the data of a more laborious gas chromatographic method. The detection 
Iimits for clovoszunine and fluvoti e are approximately 3 ng/ml in pkzxnzk 

ENTRODUCFION 

During the last decade, high-performance liquid chromatography (HPLC) 
has become an hnportaut method of analysis, especially in the field of 
pharmaceutical chemistry. Here, a simple gas chromatographic separation is 
often not possible because of the uonvolatility, thermolabfi@r, and polarity 
of the suktzumzs. At this moment, Any HPLC papers are also devoted to 
the determination Of drugs and their metaboIites in biological sampies_ 
Generally, the combined problems of a complex matrix and the trace level 
make this t4Tpe of. analysis rather difficult. For pre-concentmtiou and/or 
&an-up, a more or less extensive and thn~ousuming pretreatment of the 
samples is often necesszy. Moreover, during this step, cousiderable Losses 
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may occur, so that the choice of a good method of internal standardization 
is very critical. Therefore, one of the present research topics in EiPLC is the 
reduction of the pretreatment of biological and other sampkzs by use of 
selective and sensitive detection modes. Another interesting development is 
the application of precohunns for clean-up Cl-31 and enrichment 14-81. 
Further, the precolumns also act as socahed guard columns and i-&m in- 
tree considerably the life of the main column. 

The preparation of such a precohmm must be es simple and economic as 
possible in order to limit the time and cost of renewal. In addition it is essen- 
t&l that the pm+zolumn has sufficient capacity and that it should make only 
a small contribution to the band broadening. For minimization of the band 
broadening in the enrichment mode, back-fIusbing of the precolumn has 
been described f5,7] _ However, the filter effect of the pre+zohurm is then 
less efficient. The contributions of the precolumn (p) and analytical column 
(a) to the total variance are additive, i.e. from the equation for the total 
VadanCe, 

it can be seen that for a precolumn dry-packed with relatively large, and 
thus inexpensive, particles, the low plate number (N) must be compensated 
by a relatively small retention time (f~). This can be effcctcd by a smsll 
length of the precohunn [S], but this may lead to an insufficient capacity. 
-4ltematively, one can use a precolumn packing material different from that 
of the analytical cohmm. This principle has been reported by Eisenbeiss et 
al. [6] for the determination of polycyclic aromatic hydrocarbons in water. 
The precohunn and analytical column were packed with a non-specified 
Merck packing.and RP-18, respectively. 

In the presentstudy, some combinations of stationary phases for a relative 
ly long precolumn (5 cm) and the analytical column have been compared 
for the analysis of the flue mscamine derivative of the antidepressant 
fluvoxamice. Subsequently, a system with a relatively small band broadening 
was investigated for the determination cf Suvoxamjne and clovoxemine in 
plasma after a prechromatographic derivatization with fiuorescamine. 

EXPERIMENTAL 

Materials 
Fig-1 shows the structures of the antidepressants clovoxamine and 

fluvoxamine* (Philips-Duphar, Weesp, The Netherlands), which are now 
under clinical investigation These were dissolved in distilled water at a con- 
centration of 250 mg/l. Dilutions of this stock solution were made as re- 
quired. The fluorogenic reagent flu0 rescan&e (Fluram, HoEfmann-La Roche, 
Nutley, NJ, U.S.A.) was dissolved in acetone (analytical-reagent grade) at a 

*Actually, the drugs are the fiunarate and maleate salt, respectively, of the amines in 
Fig-l_ 
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‘O-CH2-CH2- KHZ 

Fig.1. Stntctures of dovoxamine (X = Cl) and fluvoxemine (X = CFs ). 

concentzation of 1 mg/ml. The precohunn was a stainless-steel tube (5 cm X 
4.6 mm I.D.) d_ry paeked with different LiChrosorb and LiChroprep RP- 
materials (Merck, Darrtadt, G.F.R.). The analytical cohmm was a stainless- 
&eel tube (15 cm X 4.6 mm I.D.) packed by a slurry technique with 
LiChrosorb RP-8 (Merck) of average particle size 7 pm. Au other chemicals 
were of analytical-reagent grade. 

Apparatus 
The HPLC pump was an Orlita DMP-m-10.4 pump (OrEta, Giessen, 

G.F.R.); the injection port was a Rheodyne six-port valve (Rheodyne, Berke- 
ley, CA, U.S.A.) with a ZOO-~1 Loop. For on-line/off-line switching, a second 
Rheodyne six-poti valve was inserted between the precohmm and the main 
cohmm. Detection was carried out wit&a Perk&Elmer Model 204A fluores- 
cence spectrophotometer (X,, = 380 nm, Xem_ = 470 nm). For comparison 
purposes, a variable-wavelength W detector (Schoeffel Spectroflow Monitit 
SF 770, Schoeffel Instruments, Westwood, NJ, U.S.A.) was used. 

Procedure 
The human and c&e plasmas were stored frozen. After thawing and 

centrifugation, 1 ml of plasma was spiked with a known amount of 
clovoxamine or fluvoxamine, and subsequently 1 ml of a 0.01 M phosphate 
buffer pH 7 and 1 ml of the fiuorescamine solution were added. After centi- 
fugation, 200 ,ul of the supernatant were injected into the HPLC system. 
Methanol-O.01 M phosphate buffer pH 7 (62:38, v/v) was used as the 
mobile phase at a flow-rate of approximately 1 ml/&. After approximately 
five injections, the system was purged for abou% 5 min with methanol. 

However, after injection of sample solutions witi concentrations of the 
amines helow approximately 100 ng/ml, the precohmm containing 3-m 
&P-2 was first flushed for about 5 min with methanol-phosphate buffer 
pH 7 (50: 50, V/Y) wtth the switching valve in the waste position. Next the 
valve betieen the two columns was switched on-line and the derivatives of 
the amines were ehtted with methanol-phosphate buffer pH 7 (62: 38, v/v), 
i.e. a mobile phase containing a higher proportion of methanol. At the end 
of each analysis, the precohnnn and anal~cal column were flushed for 
about 5 min with methanol. Finally, the columns were equilibrated for 
about 10 min with methanol-bufFer (50: 50, v/v) and methanol-buffer. 
(62: 38, vfi), respectively. With real plasma samples, the same procedure was 
followed. 
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RFSULTS .AND DISCUSSION 

l?hom.scamine reaction 
The 5luorzscence sigd of the fh~orescamine derivatives of primary amines 

is influenced by the kinetics of the derivatization reaction and also by di- 
electric effects and some other effects of the medium ]9-113. For the direct 
injection of a polar sample such as plasma, a reversed-phase chromatographic 
system is necessary. Fortunately., the results of E’rei et al. [IO] with a similar 
system, i.e. oqtucin-fluorescank e, point to the fact that the net fluores- 
cence decreases with a decrease in solvent polarity, so that it is advantageous 
to use a pokr mobile phase. Data published for different primary amines 
indicak that the pH optimum is between about 6 and 10.5 ]10,12,13]. For 
the present system, the maximum fluorescence i&en&y was obtained at pH 
‘i-8. Because the life of RP-8 columns appeared to be longer at pH 7 than at 
pH 8, the mobile phase was buffered to pH 7. A phosphate buffer was pre- 
ferred to a borate buffer, since borate ions may complex with the fluoro- 
phore and, in this way, suppress the fluorescence [14]. 

For the ezas.s of fh~oresamin e, very different values have been reported, 
the required molar excess varying from 3.6 Cl51 to approximately 1060 1131. 
For concentrations of 0.5-l pg/ml clovoxamine and fluvoxamine, a molar 
fluomscemine-to-amine ratio of approximately 306-400 was found to be 
sufficient. Although fluorescamine itself was knoti to be non-fluorescent 
[9,16], the fluorescamine solution was ohserved to be fluorescent. Probably, 
this is due to one or more hydrolysis products. For a derivatization reaction 
prior to separation, this does not interfere, because the excess of reagent and 
its hydrolysis products are separated from the derivative in the chromato- 
graphic system. It is true that the reaction rate is dependent on the concen- 
trations of the amine and fluorescamine; with the conditions used- in this 
study the maximum signal vzss always obtained within a few minutes. 

Packing material of the pre-column 
As aIreadp described in the introduction, the choice of the precohmm is 

rather critical. Briefly, the following demands have to be met: (1) rapid and 
economic preparation; (2) sufficient capacity; (3) small contribution to band 
broadening, and (4) suitable for clean-up and pm-concentration. 

A relatively large precohrmn (5 cm X 4.6 mm I.D.) can easily be filled by 
a simple drygacking technique and the capacity of this column was found to 
be sufficient for at least 250 yl plasma. For the present analytical system, i.e. 
R-p-8 with metha.nol--O.Ol M phosphate buffer pH 7 (62: 38, v/v) as the 
mobile phase, the use of RP-3 as the packing material for this precolumn 
causes an intolerable band broadening because of too long a retention time. 
Width t.be use of RP-2, the retention time of the derivatives of clovoxamine 
and fiuvoxamine and, consequently, the band broadening caused by the pre- 
column are much less. Petention times and capacity facto= of the analytical 
column and some pre-cohunns are compared in Table I. 

Plauz numbers for the analytical cohnnn and the precolumn were typical- 
ly about 4060 and 200, respectively. Using eqn. I, one can now calculate 
that for the RP-8 pre~olumn atotal = 1.9ud and for the 32qm RP-2 pre- 
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TAELE I 

RETENTION TIMES AND CAPAcTi’Y FACTORS OF THE FIJJORESCAMINE 
DERIVATIVE OF FLWOXAMINE FOR SOME COLUMNS 

Mobile phase: methanol--O.01 M phosphate buffer pH 7 (60 : 40, v/v). 

Column Retention time (min) Capacity factor 

Analytical column* 16.8 15.8 
RP-8 ‘7sm 

Pre-c01umn** 6.2 15.9 
RP-8 25-40 pm 

Pre-column 2.2 8.5 
Rp-2 32pm 

Pre-column 1.7 5.6 
RP-2 LOIrm 

*I5 cm x 4.6 mm I.D. 
l *5 cm X 4.6 mm I.D. 

colunm a&Jti = l.lod. The behavior of the much more expensive lo-pm 
RP-2 is similar to ihzt of 32+m RP-2.16 should be noted that the observed 
total standard deviation is often higher than the theoretical one, because 
connections and the valve between the columns can contribute tu band 
broadening [17--191, A possible disadvantage of W-2 with respect to the 
more apolar RP-8 is the smaller recovery of a pre-concentration step. How- 
ever, for l-ml sample solutions with concentrations in the nanogram range, 
the recovery with water as the mobile phase during the preconcentzation 
was found to be 100%. Therefore RP-2 is also useful for the preconcenka- 
tion of the derivatives of clovoxamine and fluvoxamine. It should be noted 
that the derivatization of the amines with fluorescamine makes them much 
less polar and therefore suitable for preconcentration in reversed-phase sys- 
tems. Next to the use of chemical reactions in liquid chromatography as an 
aid to improving +&e detection properties and selectivities for certain groups 
of compounds, tie modification of the pokrij seems also a very useful 
aspect of derivatization. 

Determinafion of clouoxamine and fluvoxamine in plasma 
The system of precolurnn 32$m RP-2 and analytical column 7-&m RP-8 

with as the mobile phase methanol-buffer pH 7 (62: 38, v/v) was used for 
the determination of clovoxamine and fiuvoxamine in plasma. This system is 
suitable for the direct analysis of plasma; a chromatogram of a plasma 
sample is presented in Fig_%_ For the concentration range of 100-2500 ng 
of fluvoxamine per ml, a linear calibration curve was obtained (r = O-9999). 

The detection limik (signal-to-noise ratio 2 : 1) for this procedure is approx- 
imately 25 ng/ml plasma. By means of repeated analyses of a plasma sample 
containing approximately 600 ng of fiuvoxamine per ml, the reproducibility 
was shown to be -3% (rel. S.D.; n = 6). The efficiency of the analytical 
column decreases~ slowly, but the cohmn can be used for several weeks. As 
for the precohunn, because of deterioration if is necessary to replace #is 
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Pig_2. HPIX chnxnatograms cl a canine phsmg sample containing 652 ng fluwosamine 
per ml_ Chromatographic conditions: pre-column, 32pm RP-2,5 cm x 4.6 mm I.D.; main 
column, 7w.n RP-8, 15 cm x 4-6 mm LD.; mobile phase, (a) methanoI+I.Ol M phos- 
phate buffer pH 7 (62~38, v/v), (b) methanoX-O.01 M phosphate buffer pH 7 (62:38, 
vfv) after previous elution fOi 5 tin with methanol~.Ol _M phosphate buffer pH 7 
(50: 50, v/v); flow-rate, L mf/min_ Detection: pre-s.ep2ration reaction with fluorescamine; 
fluorescence dekxtor, ke = 380 run 2nd h = 470 mu_ The retention time of the 
fluvoxamine derivative ixz cbromatogram (b) is higher, because the fii part of the elution 
talres pl2ce in a gradient 

column after 5-10 samples_ Moreover, it is useful to flush the whole system 
regukrly with, for example, methanol in order to ensure the &&ion of rela- 
tively lipophilic substances. 

The fluorescence signal of a spiked plasma sample is lower than that of the 
stamlard solution in water with the same concentration. Confirmation was 
obkzined that the partial deproteination of plasma by the addition of the 
acetonic solution of fluorescamine did not cause any loss of the amine of 
interest. The reduction of the signal is due to the decrease of the excess of 
fiuorekamine brought about by its reaction with biogenic primary amines, 
especially amino a&is. This was proved by an experiment whereby the 
plasma was added after the _zzaction between fluvoxamine and fluorescamine; 
the peak heights of the standard and the plasma sample were then equal. It is 
true that the excehi of fhorescsmine can be adjusted, but this also widens 
the band in the front of the chromatogram. Fortunak4y, the excess concen- 
tration of fiuorescamine had no noticeahe influence on the Linearity of the 
calibration curve. 

The above-mentioned detection knit is determined by the tailing band in 
the chromatugram, which is caused by polar endogenous compounds and fo 
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a large extent_ as demomtite& by compounds formed during the detivatiza- 
ticm reaction. Therefore, fop concentration below approximately 100 ng/n& 
8 simple step gradient is requked in order ~CB remove a large proportion of 
the more polar compounds from the pre-column prior to the elution of the 
derivatives of clovoxamine or fh~voxamine. It was found to be possible to 
fh& the pre~olumn for about 5 min with methanol-buffer pH 7 (50: 50, 
v/v) without the derivatkes being eluted. Fig.2b shows the chromatogzam of 
the same sample as in Fig. 2a obtained after the use of this step gradient_ The 
latter procedarre enables the use of the higher sensitivity ran&s of the fluo- 
rescence detector; consequently, it is then necessary to flush the chums 
witi methanol each time &er the an&&&A step, ie. elution with meth- 
anol-buffer (62: 38, v/v). It is evident that this procedure is more time-con- 
suming thau the isocratic method, especially in consequence of the equilibra- 
tion times of the columns. The detection limit then becomes approxkately 
3 ng/ml plasma for both clovoxamine and Buvoxamine and a further decrease 
was shown to be possible by means of larger injection volumes. Plasma 
samples have almost always a higher concentration, but then such a pre- 
concentration step can be useful for increasin g the precision of the concen- 
tratious just above the detection limit. The detection limit of clovoxamine 
and fluvoxamine with UV deteetior; at 254 nm was improved about twenty 
times by the use of fluorescence detection after derivatization with fluores- 
camiue; also the selectivity of the latter method is considerably superior. 

COMPAR3SON OF’ CONCENTRATIONS XI?4 ng/mI OF CLOVOxAMiNE IN PLASrvpA 
SAMPLES AS FOUND BY GAS AND LIQUID CHR0MATOGFtAPH-Y 

The HPLC data of samples No. l-3 have been obtained with the isocratic method and 
the data of samples No. 4-7 with the step-gradient method. For experimental details, see 
text. 

Sample No. Method 

GC HPLC 

1 803 803 
2 686 703 
3 561 604 
4 72 79 
5 23 26 
6 23 21 
7 11 15 

Table II compares some typical data of the method described in this paper 
with the results obtained by the gas chromatographic aualysis used in our 
laboratory 1201. Similar results have been obtained for fluvoxamine samples. 
If it is remembered that the relative standard deviation of the gas chromato- 
graphic analysis generally is about 3-X5% (depending on the range), the cor- 
relation between the two methods can be considered good. The gas chro- 
matograp~c method is rather timeconsuming as compared tit& the HPLC 
method; it includes extraction with isooctane, two re-extractions with 
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