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Abstract

A rapid and sensitive high-performance liquid chromatographic technique for simultaneous measurement of plasma
venlafaxine (VEN) and its active metabolite O-desmethylvenlafaxine (ODV) is described. The process begins with the
extraction of VEN and ODV, with maprotiline (MAP) as internal standard, from human plasma into an intermediate organic
mixture of hexane–isoamyl alcohol and finally into an aqueous solution of 0.05% phosphoric acid. Isocratic separation of
VEN, ODV and MAP is carried out by utilizing a reversed-phase butyl-bonded column (C /E) with mobile phase consisting4

of acetonitrile and 40 mM phosphate buffer, pH 6.8 (50:50, v /v). Detection of VEN, ODV and MAP is done by mean of
fluorimetry with excitation and emission wavelengths set at 276 and 598 nm, respectively. As low as 1.0 ng/ml VEN is
detectable; while the limit of detection for ODV is 5 ng/ml. C.V. (%) of intra-day samples for both VEN and ODV are less
than 10% at three concentrations tested (10.0, 50.0, 100.0 ng/ml). Similarly, over the same nominal concentrations, the
precision of inter-day (5 days) samples also results in C.V. (%) smaller than 10% for both compounds, except for ODV
measured at 10 ng/ml (C.V.,15%). Approximately, 100% VEN can be extracted from plasma; whereas, for ODV the
recovery rate is nearly 70%. This present method is rapid, sensitive, accurate and simple for routine clinical monitoring of
plasma VEN and its major metabolite ODV.  1997 Elsevier Science B.V.
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1. Introduction sant effects by inhibiting the same neuronal uptake
mechanisms of serotonin, norepinephrine, and to

Venlafaxine hydrochloride (VEN), 1-[2-(di- lesser extent of dopamine [1–3]. It lacks many
methylamino)-1-(4-methoxyphenyl)ethyl] cyclohex- adverse side effects normally associated with the
anol hydrochloride, belongs to a new class of non- administration of tricyclics [1,3,4].
tricyclic antidepressants undergoing extensive clini- VEN has several metabolites (Fig. 1), one of
cal investigations. Its structure is distinct from that of which is biologically active. About 1% of VEN is
the traditional tricyclics yet it exerts its antidepres- desmethylated to N-desmethylvenlafaxine (NDV), 1-

[2-(methylamino)-1-(4-methoxyphenyl)ethyl] cyclo-
* hexanol; 16% becomes N,O-didesmethylvenlafaxineCorresponding author. Address for correspondence: Department
of Psychiatry, VA Medical Center, Long Beach, CA 90822, USA. (NODV), 4-[2-(methylamino)-1-(1-hydroxycyclo-
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method for measuring VEN and ODV in human
plasma.

2. Experimental

2.1. Materials

VEN and ODV (free base) were obtained from
Wyeth–Ayerst (West Chester, PA, USA) and the
internal standard, maprotiline hydrochloride (MAP),
was obtained from Ciba Geigy (Basel, Switzerland).
Sodium bicarbonate (ACS-grade), sodium phosphate
monobasic (ACS-grade), and dimethyl sulfoxide
(ACS-grade) were from Sigma (St. Louis, MO,
USA). Hexane (HPLC-grade), methanol (HPLC-
grade), acetonitrile (HPLC-grade), o-phosphoric acid
(HPLC-grade), and isoamyl alcohol (certified-grade)
were from Fisher Scientific (Tustin, CA, USA).
Distilled, Millipore quality [prefiltration (MF-
Lifegard II cartridge)], organic absorption (Super-C
cartridge), deionization (ion-exchange cartridge), and
Millipore filtration (Millitube MF) (Millipore, Bed-

Fig. 1. Molecular structures of venlafaxine and its metabolites.
ford, MA, USA) was used throughout all proce-
dures. A LS50B spectrofluorometer (Perkin Elmer,

hexyl)ethyl]phenol; and 56% is metabolized to O- Beaconsfield, UK) was used to scan for optimal
desmethylvenlafaxine (ODV), 4-[2-(dimethylamino)- excitation and emission wavelengths of all drugs
1-(1-hydroxycyclohexyl)ethyl]phenol which, unlike involved. A horizontal, single-speed shaker (300
the others, has an activity profile on monoamine rpm) (Eberbach, Ann Arbor, MI, USA) was utilized
transporters similar to VEN [5,6]. Therefore, both in the plasma extraction procedures. The HPLC
VEN and ODV levels in plasma and/or urine are system consisted of the following components: from
important pharmacokinetic and pharmacodynamic Waters Associates (Milford, MA, USA) a Waters
parameters in assessing their efficacy. Currently 600E solvent delivery pump, a Waters Wisp 712
there are two published high-performance liquid Model automatic injector, and a Waters 470 fluores-
chromatography (HPLC) procedures for monitoring cence detector; from Spectra-Physics (San Jose, CA,
plasma levels of VEN and ODV [7,8]; however, USA) a SP4290 integrator; and from MetaChem
neither utilizes fluorimetry as the means of detection. Technologies (Torrance, CA, USA) a C /E column4

Taking advantage of VENs fluorescence properties, (15034.6 mm, 5 mm) fitted with a C /E guard4

this report presents a rapid, accurate and sensitive column (1334.3 mm, 5 mm).
reversed-phase HPLC method for simultaneous de-
termination of VEN and ODV in human plasma. 2.2. Methods

An application of this method has been successful-
ly implemented in a clinical study investigating the 2.2.1. Reagent preparation
effect of VEN on the metabolism of imipramine. Stock solutions of VEN and MAP (1 mg/ml) were
Chromatograms and mean steady state plasma levels prepared in water and methanol, respectively. Stock
of VEN and ODV of subject samples are included ODV (100 mg/ml) was made by overnight stirring in
here to demonstrate possible interference with other an aqueous solution containing 10% (v/v) each of
metabolites and ultimately the suitability of this methanol and dimethyl sulfoxide. Serial dilution of
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stock drug solutions were used for standard curves. 40 mM sodium phosphate, pH 6.8; flow-rate 1.5
HPLC mobile phase consisting (50:50 v/v) of ace- ml /min). Fluorescence measurements were done at
tonitrile and sodium phosphate buffer (40 mM, pH 276 nm excitation and 598 nm emission wave-
6.8) was premixed, filtered through a 0.2 mm PTFE lengths, with spectral bandwidth and electronic filter
filter, and degassed by sonication before use. Other time constant set at 18 nm and 1.5 s, respectively.
solutions used were: 0.7 M sodium bicarbonate The column was kept at room temperature through-
buffer (pH 9.7), 0.05% (v/v) o-phosphoric acid and out all analyses.
7.5% (v/v) isoamyl alcohol in hexane.

Control plasma was prepared from pooled platelet- 2.2.4. Selectivity, sensitivity and linearity
rich-plasma supplied by the Red Cross (Los Angeles, To evaluate potential interference due to endogen-
CA, USA). After removal of platelets and residual ous substances co-extracted during the process, we
blood cells by centrifugation at 1500 g (30 min, randomly chose Red Cross plasma packets for
room temperature), cell-free plasma was stored in a experimentation. To test for maximum sensitivity of
2208C freezer until use. On the day of experiment, this assay, control plasma was spiked with low drug
control plasma was thawed and again centrifuged at standard concentrations (final amounts of 0.25, 0.5,
1500 g (20 min, room temperature) to remove 1.0, 2.5, 5.0 ng/ml). Conversely, to establish the
precipitates [9]. Control plasma was spiked with range of linearity between drug standard concen-
drug standards prior to organic extraction. tration and fluorescence intensity the standard con-

centrations of 0, 1, 5, 10, 50, 100, 500, 1000, 2000
2.2.2. Extraction procedure ng/ml were used. For calibration 0, 5, 10, 25, 50,

For organic extraction 50 ml MAP (final con- 100 and 500 mg/ml concentrations were used.
centration 100 ng/ml) and 25 ml each of VEN and
ODV standards (final concentrations 0, 1, 5, 10, 50, 2.2.5. Recovery, precision and accuracy
100 ng/ml, etc.) were added into polypropylene test By comparing the peak areas obtained from the
tubes (75312 mm size). Next, 1 ml of control extracted samples spiked with known amounts of
plasma was added followed by 400 ml of the basic drugs to those obtained from the pure compounds of
bicarbonate buffer (0.7 M, pH 9.7). Samples were the same concentrations, the extraction recoveries (%
then vortexed for 1 min to basify the solution and recovery) of VEN and ODV were determined. Ac-
extracted by the addition of 1.5 ml of 7.5% isoamyl curacy of the assay was derived by calculating the
alcohol–hexane followed by shaking at 300 rpm for percent difference (% difference) between the
30 min, room temperature. Centrifugation at 1500 g, amount of VEN and ODV added and found. To
15 min, room temperature allowed clear separation evaluate the methods precision, intra-day and inter-
of organic from aqueous phase. After overnight day (days 1, 2, 3, 4 and 5) measurements of VEN
freezing of samples at 2208C, the top organic layer and ODV were completed with computation of the
was decanted into a 15 ml conical polypropylene coefficient of variation (C.V.%) for replicate samples
tube already containing 200 ml of 0.05% o-phosphor- (n55 for intra-day, n525 for inter-day) using con-
ic acid. Samples were then back-extracted into the centrations 10, 50, 100 ng/ml. Both intra and inter-
acidic aqueous phase by shaking vigorously at 300 day samples were calibrated with standard curves
rpm for 45 min, room temperature. After phase concurrently prepared on the day of analysis.
separation by centrifugation, as described above, and
subsequent aspiration of the top organic layer, the
aqueous phase containing the extracted analytes was 3. Results
ready for analysis by HPLC [10].

3.1. Fluorescence scanning
2.2.3. HPLC conditions

Samples (100 ml) were injected using the 712 The resulting profile of fluorescence scanning for
Wisp automation system (one sample every 20 min) optimal excitation and emission wavelengths for
under isocratic conditions (50:50, v /v acetonitrile to VEN, ODV and MAP are shown in Fig. 2. Besides
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Fig. 2. Emission spectra [300–800] of (1) VEN, (2) ODV and (3) MAP when excitation wavelength is 276 nm.

the light scattering peak of the excitation beam at both cases. Table 2 summarizes linear regression
552 nm, optimal excitation and emission peaks for statistics for representative standard curves. Regres-
VEN, ODV and MAP derived from these profiles sion lines relating VEN and ODV standard con-
were 276 and 598 nm, 277 and 605 nm and 272 and centrations to peak area ratios were calculated using
585 nm, respectively. The excitation and emission simple regression analysis. For both VEN and ODV
wavelengths for VEN were used throughout this the method was linear between 1.0 and 2000 ng/ml.
procedure. Linear parameters for a typical standard curve are:

2(standard curve 1) correlation coefficients, r .0.993;
3.2. Selectivity, sensitivity and linearity slope50.0253, y-intercept520.011 (Table 2).

Fig. 3a and Fig. 3b illustrate fluorescence–HPLC 3.3. Recovery, precision and accuracy
chromatograms of a blank and a 10 ng/ml-spiked
plasma sample (Red Cross). Fig. 3c depicts a real Percent recoveries of compounds from spiked
subject blank spiked with 25 ng/ml maprotiline; plasma following the extraction procedure are listed
while Fig. 3d shows that of a subject plasma sample in Table 3. For VEN, the recovery was approximate-
collected 1.5 h after administration of oral venlafax- ly 100% over four concentrations tested (5, 10, 50,
ine. Under the conditions specified, relative retention 100 ng/ml); whereas, for ODV the recovery was
times for VEN and ODV to MAP were 0.650 and 68%. For MAP, about 53% of the spiked 100 ng/ml
0.405, respectively. Chromatograms of blank plasma was recovered. Evaluation of both the accuracy and
from both Red Cross and subject (Fig. 3a,c) were precision of the method is summarized in Table 4.
free of endogenous interfering peaks. The total Results of the intra-day precision, assessed by cal-
eluting time was less than 20 min. Table 1 provides culating the C.V. for the analysis of replicates (n55)
the sensitivity level achieved by this method. Con- at three nominal concentrations (10, 50, 100 ng/ml)
centrations as low as 1 ng/ml VEN and 5 ng/ml of both VEN and ODV reveal a C.V.,10% for all
ODV were detectable; the C.V. was less than 10% for cases. Likewise, inter-day (days 1, 2, 3, 4 and 5)
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Fig. 3. HPLC chromatograms of (a) Red Cross blank plasma sample, (b) Red Cross plasma spiked with 10 ng/ml each of ODV and VEN
and 100 ng/ml MAP, (c) subject blank plasma sample spiked with 25 ng/ml MAP, (d) subject plasma sample 1.5 h after venlafaxine
adminstration (spiked with 25 ng/ml MAP). Fluorescence parameters: excitation wavelength5276 nm, emission wavelength5598 nm,
spectral bandwidth518 nm, time constant51.5 s.

Table 1
Sensitivity data and statistics of plasma spiked with 1.00, 5.00 ng/ml VEN, ODV

Theoretical VEN ODV
concentration

Concentration C.V. (%) Concentration C.V. (%)
(ng/ml)

Found (ng/ml) Found (ng/ml)
(mean6S.D.) (mean6S.D.)

1.00 1.1660.04 3.18 0.4660.05 10.94
5.00 4.2560.25 5.79 3.3760.33 9.88

Table 2
Linear regression parameters of representative standard curves

Parameters Standard curve 1 Standard curve 2 Standard curve 3

VEN ODV VEN ODV VEN ODV

Slope 0.0253 0.0140 0.0246 0.0135 0.0251 0.0140
y-Intercept 20.0110 0.0035 0.0643 0.0364 20.0371 20.0235
Number of x values 7 7 7 7 7 7

2r 0.993 0.995 0.999 0.996 0.997 0.995
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Table 3 nm; 276, 305 nm and 276, 598 nm (data not shown).
Percent recoveries of VEN and ODV at nominal concentrations 5, The last set of fluorescent wavelengths emerged as
10, 50, 100 ng/ml

the most suitable for this assay (see Fig. 2) having
Concentration % Recovery the lowest background noise and little interference
(ng/ml)

VEN ODV MAP from endogenous compounds.
Under the presently prescribed conditions, no loss5 109.08 68.01

of VEN occurs during the extraction as approximate-10 90.93 71.26
50 103.79 66.52 ly 100% recovery over the nominal concentrations 5,

100 99.33 66.62 53.26 10, 50, 100 ng/ml was observed. To a lesser extent,
approximately 70% ODV is recovered. ODV is more

Mean 100.78 68.10
polar than VEN, and loss of the free-base ODVS.D. 7.68 2.21
during the extraction process may be due to itsn 4 4
moderate solubility in the extracting organic solvent

measurements (n525), at the same nominal con- (7.5% isoamyl alcohol–hexane). Increasing the
centrations had a C.V.,10% for both VEN and ODV, amount of the polar isoamyl alcohol would be
except for ODV quantitated at 10 ng/ml (C.V.5 expected to improve the recovery of the more polar
13.36%). The accuracy of the method, estimated as ODV; however, this gain in ODV would have been
the intra-day percentage difference (% diff.) between accomplished at the cost of less VEN recovered, in
the mean concentration found and the amount added, addition to the possibilities of co-extracting endogen-
had a range of 24.21 to 0.58% for VEN and 27.89 ous interfering substances that are not seen under
to 2.71%. When the calculations are extended to data present conditions. The current procedure produces
collected on five different days (n525), the % more than sufficient amounts of both VEN and ODV
difference remained less than 10%. to achieve high sensitivity.

The sensitivity achieved by fluorescence HPLC is
normally excellent, and such is the case with our

4. Discussion assay. Concentrations as low as 1 ng/ml VEN and 5
ng/ml ODV can be confidently measured (C.V.,

This report describes a rapid, accurate and sensi- 10%, n54, Table 1) providing an advantage over the
tive reversed-phase fluorescence HPLC method to method using UV detection [7] in which sensitivity
simultaneously ascertain the plasma concentrations of 10 and 7.2 ng/ml for VEN and ODV were
of both VEN and ODV. The fluorescence scanning of obtained. Our method has a high degree of linearity

2the pure analytes resulted in four sets of excitation (r .0.99) between analyte concentrations and peak
and emission wavelengths: 230, 305 nm; 230, 598 area ratios; linearity extends to concentrations as

Table 4
Computation of C.V. (%) and % Diff. for intra-day and inter-day (day 1, 2, 3, 4, and 5) measurements of VEN and ODV as the means in
assessment of the precision and accuracy of the method

Amount n Intra-day Inter-day
added

Amount found C.V. (%) % Diff n Amount found
(ng/ml)

(ng/ml) (ng/ml) C.V. (%) % Diff
(mean6S.D.) (mean6S.D.)

VEN 10.00 5 9.9460.46 4.63 20.65 25 10.5661.00 9.47 5.60
50.00 5 47.9062.57 5.36 24.21 25 49.3863.93 7.96 21.24

100.00 5 100.5861.67 1.66 0.58 25 96.4367.72 8.00 23.57

ODV 10.00 5 9.2160.91 9.88 27.89 25 10.2561.37 13.36 2.50
50.00 5 49.4962.06 4.16 21.02 25 49.9963.92 7.84 20.02

100.00 5 102.7162.41 2.35 2.71 25 95.8268.07 8.42 24.18
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high as 2000 ng/ml, for both VEN and ODV. 185.796103.73 and 462.826247.74 ng/ml, respec-
Another advantage of this method is that it employs tively.
a relatively less hydrophobic C column resulting in4

short elution time of less than 20 min per analysis,
saving both time and mobile phase. Also mild References
operating conditions using neutral buffer (40 mM
sodium phosphate, pH 6.8) are likely to prolong [1] J.T. Haskins, J.A. Moyer, E.A. Muth, E.B. Sigg, Soc.

Neurosci. 10 (1984) 262.column life.
[2] J.T. Haskins, J.A. Moyer, E.A. Muth, E.B. Sigg, Eur. J.The differences of less than 10% for both the

Pharmacol. 115 (1985) 139–146.
intra-day and inter-day data reflect the accuracy of [3] M.W. Rudorfer, W.Z. Potter, Drugs 37 (1989) 713–738.
this method. The observation of C.V.,10% for intra- [4] E.A. Muth, J.T. Haskins, J.A. Moyer, G.E. Husbands, S.T.
day, and ,15% for inter-day measurements also Nielsen, E.B. Sigg, Biochem. Pharmacol. 35 (1986) 4493–

4497.indicate a high degree of precision. This finding
[5] S.F. Sisenwine, J. Politowski, K. Birk, G. White, M. Dyroff,attests to reliability in delivering accurate and precise

Acta Pharmacol. Toxicol. 59(Suppl. 5) (1986) 312.
determination of VEN and ODV in human plasma. [6] E.A. Muth, J.A. Moyer, T.H. Andree, Soc. Neurosci. 12
The excellent specifications together with the rapidi- (1986) 473.
ty of the procedures suggest that this method should [7] D.R. Hicks, D. Wolaniuk, A. Russell, N. Cavanaugh, M.

Kraml, Ther. Drug Monit. 16 (1994) 100–107.be considered when a clinical need arises for de-
[8] C.P. Wang, S.R. Howard, J. Scatina, S.F. Siseanwine, Chi-termining plasma VEN and ODV levels. In fact, in

rality 4 (1992) 84–90.
our clinical study investigating the effect of VEN on [9] H. Weigmann, C. Hiemke, J. Chromatogr. 583 (1992) 209–
imipramine metabolism (data not shown), mean 216.
steady state plasma levels of VEN and ODV, mea- [10] J. Fekete, P. Del Castilho, J.C. Kraak, J. Chromatogr. 204

th (1981) 319–327.sured at 48 hour, for six subjects (thrice daily oral
dosage of 50 mg VEN) were found to be


