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SUMMARY

An analvtical method based on solvent extraction, formation of a fluorinated
derivative and quantitation by gas-liguid chromatography using an eleciron capture
detector has been developed for the determination of nomifensine in biological Suids.

The specificity (controlled by mass spectrometrv} 2nd the sensitivity appear to
be satisfactory for drug level measurements in human body fluids. [ts relative sim-
plicity in fact permits its use in serial analysis.

INTRODUCTION

Nomifensine is a2 new antidepressant agent, which, unlike other available
antidepressants, has been shown to inhibit strongly dopamine uptzke in the striztum
of rats'*. In humans, the antidepressive activity of pomifensine appears to be com-
parable with that of imipramine when administered at the daily dose of 75-100 mg®.

Oanly radioactive data are presently available on the pharmacokinetics of no-
mifensine. Knowledge of the pharmacokinetic profile of a drug is today considered
essential both for z better understanding of its mechanism of action and for a more
rational treatment schedule.

In this paper we report a sensitive and specific gas chromatographic method for
the determination of nomifensine in human biological fluids. The method is based
on solvent extraction and the formation of z fluorinated derivative. The sensitivity
is of the order of ! ng/ml of plasma.

EXPERIMENTAL

Standards and reagents

Nomifensine was kindly supplied by Hoechst (Frankfurt, G.F.R.). 2-Amino-5-
chiorobenzophenone was used as infernal marker.

Other reagents were diethyl ether R.P. (Carlo Erba, Milan, ftaly), ethy! acetate

* Visiting Scientist from the Chemical Works of G. Richter Ltd.. Budapest (Hungary)
** Te whom correspondence and requests for reprints should be seat.
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R.P. (Carlo Erba)} and heptafluorobutyric anhyvdride, puriss. p.a. (HFBA) (Fluka,
Milan, Italy).

Diethyl ether and ethyl acetate were distilied before use. P**ClNomifensine
(spec. act. 185 xCi/mg) also supplied by Hosascht was used for the evaluation of the
extraction vield.

Apparatus

A Carlo Erba Fractovap G-1 gas chromatograph equipped with a 8Ni elec-
tron capture detector {ECD) was used.

The chromatographic column was a giass tube, 2 m long and 4 mm I[.D.,
packed with 100-120 mesh Chromosorb Q, coated with 39} GV-17 (Applied Science
Fabs. State College, Pa_, U.S.A}, conditioned for I h at 250° (40 mi/min flow-rate
of nitrogen), £ h at 340° (no mitrogen) and 24 h at 275° (40 mifmin flow-rate of ni-
trogen}. The operating conditions were: column temperature, 245°; carrier gas (ni-
trogen) Bow-rate, 40 mi/min; and scavenger gas (mitrogen) fow-rate, 60 mi/min.
The ECD was used with a pulse current at an excitation voltage of 50 V and a pulse
interval of 30 msec.

For mass spectrometry, an LEKB Model 9000 mass spectrometer combined
with a gas chromatograph was used. The mass spectrometric conditions were: ioai-
zation beam energy, 70 eV: ion scurce temperature, 29Q°; accelerating voltage, 3.5
kV: and trap current, 60 zA. A 2 m long glass column packed with 39, OV-17 on
109--120 mesh Gas Chrom Q operated at 200° with a helium gas flow-rate of 20 ml/min
was used. On analyzing the samples using the direct insertion probe, the mass spec-
trometric conditions were the same as above, and the temperature of the probe was
140°.

Determination of standard externcl calibration curves

Nomifensine was dissolved in methanol (I pg/ml} and individual sliquots
covering the range 10-30 ng (in triplicate} were dried in test tubes under a siream of
nitrogen. 50 i1 of HEBA (1 :8 solution in ethyl acetate} were added to the dry residue.
The tubes were capped, shaken in a mixer for about 20 sec, and incubated at 40° for
30 min. Then the solutions were evaporated to dryness under a stream of nitrogen.
When the tubes were dry, the nitrogen fiow-rate was increased for !0 min. This last
step was found to be essential to prevent the presence of interfering peaks from the re-
action mixture. Subseguently, 0.3 m! of hexane were twice added to each tube and
evaporated under a stream of nitrogen. The derivative was then dissolved in 100 !
of ethyl acectate containing as a marker, 2-amino-S-chloro-benzophenone, and 1 uf
of this solution was injected into the gas chromatograph.

Extraction procedure .

Increasing amounts of nomifensine from 10 to 400 ng/m! were added to 2 ml
of human piasma. The plasma was then treated with phosphate buffer (pH 2.5;
0.5 if) to z final volume of 2.4 mi, followed by the addition of C.1 ml of 2 ¥ NaGH.
The samples were extracted with § mi of diethyl ether while shaking at room temper-
ature for 20 min in 2 horizontal position. The tubes were centrifuged at 1200 g
at 4° for 5 min, and 4.5 ml of ether were transferred to a second test tube containing
2.5 ral of 6.5 N HCL After shaking at room temperature for 10 min, the tubes were
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centrifuged, whence the organic phase was carefully withdrawn and the acidic
aqueous phase quantitatively transferred to another test tube and washed with 5 ml
of diethyl ether. After removing the organic phase, 0.7 ml of 2 ¥ NaOH were added
to the acidic aqueous phase and shaken in @ horizontal position with 5 mi of diethyl
ether at room temperature for 20 min. After centrifugation, 4.5 mi of ether were
transferred to a fourth test tube and evaporated to dryness in a water-bath at 40°.
To the dry residue, 50 z! of HFBA (1:8 solution in ethyl acetate) were added and the
samples were processed as described above. When performing determinations on sam-
ples from human volunteers whe received nomifensine (50 mg oraliy) in a fasting state,
0.5-2 m! of plasma were used. An internal calibration was always carried out in ad-
dition to the unknown samples.

RESULTS AND DISCUSSION

The reaction of nomifensine with HFBA, under the conditions used, was
completed with a yield of 999%,. The nomifensine heptafiuorobutyrate is stable over a
period of 60 days at 4°.
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Fig. }. Mass spectra of nomifensine (top) and nomifensine heptafiuorcbutyrate (bottom). Nomi-
fensine was analyzed by a direct insertion probe and its heptafiuorobutyrate derivative by gas chro-
matography-mass spectrometry as described in the fexr.
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Fig_ 2. Possible fragmentation mechanism for the formation of the ion at mje 44 in the mass spectra
of nomifensine and its derivative.

Fig.  shows the mass spectra of nomifensine and nomifensine heptafiuoro-
butyrate. The mass spectrum of nomifensine shows a molecular ion at mfe 238
{relative intensity 83 9). The presence of a base peak at nz/e 44 is due to the mechanism
shown in Fig. 2. Another intense peak (91 9/} is present at mfe 194 and a possible struc-
ture for this ion is suggested in Fig. .

J v

Fig. 3. Gas chromatogram of 300 pg of nomifensine as its heptafiuorobutyrate {4) and 1 ng of 2-
arrino-S-chloro-benzophenone (B} obizined from plssma extract.
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Fig. 4. Standard calibration graph for nomifensine added to the plasma and carried through the ana-
Iytical procedure.

The mass spectruin of nomifensine heptafluorobutyrate shows a molecular ion
at mje 434, suggesting that only one heptafiuorobutyrate group is present in the mole-
cule. The base peak at mfe 222 arises from the loss of HN-OC-C;F; (i.e. 212 a.m.u.).
The second most intense peak in the spectrum is present at m/e 178, and the structure
of this ion is shown in Fig. I.

A typical gas chromatogram of the heptafluorobutyrate derivative of nomi-
fensine and of the marker obtained with plasma extract is reported in Fig. 3.

The calibration curve obtained by plotting the ratio of the peak area of nomi-
fensine heptafiuorcbutyrate to that of the marker against known amounts of nomi-
fensine added to the plasma is shown in Fig. 4. A good linear plot was obtained for
concentrations in the range 550 ng/m! of plasma. The minimum detectable amount

TABLE L

NOMIFENSINE PLASMA LEVELS (ng/mi} IN HEALTHY VOLUNTEERS AFTER A SINGLE
ORAL ADMINISTRATION OF 50 mg

Subfect Tinmte

I £5 2 £ 1 1
No. F (VL3 117 142 136 77 45 3
No.2(X.L) 177 170 II0 36 21 iz
No.3 (B.1) 3z 58 75 3 37 i5

Mean = S.E. 105 132 105 68 34 16
- 45 34 i 16 7 3
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wit’a such a procedure was for an injection of 100 pg, which means that by using 3 ml
of plasma aad reducing the solvent volume to 30-20 x4l in the last step, concentrations
as low as 1 ng/ml could be detected.

Other compounds usually encountered in the course of antidepressant therapy,
such as benzodiazepine and barbiturates, were found not to interfere. The recovery
of the extraction procedure checked by means of [“Clnomifensine was 83 = 29%.

Administration of nomifensine {50 mg orally} to three healthy volunteers led
to the piasma levels reported in Table I. Er appears that nomifensine is absorbed rapid-
ly from the gastrointestinal tract, with peak plasma levels between | and 4 h. The
apparent rate of disappearance from plasma is also 2 rapid process (¢, about 34 h}
anc no measurable concentrations were found after 24 h.

CONCLUSIONS

The method described is capable of detecting nomifensine concentraticns in
human plasma at levels as low as 1-3 ng/ml. Its specificity tested against other com-
pounds which may be encountered in the course of antidepressant treatment was
exeslient. Its relative simplicity makes it useful for routine analysis and pharmaco-
kinetic studies.
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