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SUMMARY

A sensitive and specific method for the determination of lafepramine and its metaholites,
desipramine and 2-hydroxydesipramine, in human plasma and urine is described. Lafe-
pramine, desipramine and 2-hydroxydesipramine were derivatized to ethyl p-chlorabenzoate,
the bis(heptafiuorobutyryl} derivative and the N,O-bis{trifluorcacetyl) derivative, respective-
Iy, and then anzaiysed by gas chromatography—mass fragmentography. Correspondingideuter-
ated compounds were used as internal standards. Determination was possible at Isvels as
low as 2 ngfm! for lofepramine and desipramine and 20 ng/mi for 2-hydroxydesiprangne.

INTRODUCTION

Lofepramine [N-methyl-N-(4'-chlorophenacyl}-3-(10,11-dihydro-5H-dibenz-
b, flazepin-5-yljpropylamine hydrochloride] is a tricyclic antidepressant drug,
an imipramine analogue in which the amine group of the side-chain is sub-
stituted by & p<chlorophenacyl group [1]. This compound is apparently more
lipophilic than imipramine and is expected to be absorbed and distributed
faster into the body [2, 3]. Clinical reports have shown that lcfepramine has
similar antidepressive activities to imipramine, but a lower toxicity [4]. These
properties indicate that Iofepramine would be a more desirable antidepressant
drug. In recent years, the determination of plasma levels of the drug in man

‘after a smgie oral administration or during chronic treatment has become more
important, because it affords valuable information concerning the biocavail-
"ability of the drug and its thezapeutxc and toxic thresholds. The method for
~the determination of lofepramine and its metabolite, desipramine, in plasma
by -gas chromatograpby has been already reported {5]. However, the method
‘fequires skilful technique to control the conditions of the procedure. In the
" yvorik described here, a mass fragmentographzc method with deuterated internal -
,sganda:ds was devmed for the sensitive and specific determination of lofe-_-' '
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pmmizie, desipramine and 2-hydroxydesipramine in plasma and urine. 2-Hy-
droxydesipramine was shown, in a preliminary metabolic experiment, toc be
the main unconjugated metabolite of lofepramine in human urine.

EXPERIMENTAL

Reference drugs

The hydrochlorides of lofepramme, desipramine and 2-hydroxydesipramine
were gifts from AB Leo (Hersinborg, Sweden). p-Chlorobenzoic acid was
purchased from Tokyo Kasei (Tokyo, Japan).

Chemicals )

Pentadeuteriochlorobenzene and deuterium oxide were purchased from
Merck Sharp & Dohme {Quebec, Canada); 10, 11-dihydro-5H-dibenz{b, f}-aze-
pine from Aldrich (Milwaukee, Wise., U.S.A.); heptafluorcbutyric anhydride
and trifluoroacetylimidazole from Tokyo Kasei; and deuterium gas from
Showa Denko (Tokyo. Japan).

Deuterated internal standards

4-Chloro-2,3,5,6-tetradeuteriobenzoic ccid (p-chlorobenzoic acid-ds ). This
compound was prepared according to the method of Gross et al. [6}. Penta-
deuteriochlorobenzene (isotopic purity: >99 atom-% 2H} was allowed to react
with dichloromethylenedioxybenzene in methylene chloride in the presence of
anhydrous aluminium trichloride. The reaction product was hydrolysed with
25% potassium hydroxide solution to give p-chlorebenzoie acid-d, . 2-Chloro-
3,4,5,6-tetradeuteriobenzoic acid appeared not to be formed as a by-product.
The product was characterized by thin-layer chromatography (TELC) and, after
derivatization to its methyl ester, by gas chromatography—mass spectromeiry
(GC—MS). The isotopic distribution was as follows: d,, 72.2%; d;, 23.1%;

d,, 4.3%;d,, 0.4%;d,, 0.03%.
: 10,11-Dideuteriodesipramine (DMI-d,) hydrochloride. 10,11-Dihydro-5H-
dibenzb,f}azepine was converted into 5H-dibenz[b,flazepine by the method
of Schindler and Blattner [7}. 5-(N-Methylaminopropyl}-5H-dibenz{b,f]aze-
pine (dehydro-DMI) hydrochloride was synthesized from SH-dibenz[b,f]aze-
pine as described by Geigy [8]. DMi-d, hydrochloride was obtained asfollows.
Behydro-DMI hydrochloride in deuterium oxide was stirred under deuterium gas
(isotopic purity: >89.5%) in the presence of 5% palladium on carbon. The
reaction mixfure was frequently monitored by TLC during hydrogenation.
After 6 h, the reaction was stopped, the catalyst was removed by filtration
and the filtrate was evaporated to dryness. The residue was recrystallized from
ethanol—light petroleum (b.p. 36—70°). The product was characterized as
DMId, hydrochloride by TLC and GC—MS. The isotopic distribution Was ag
follows: d,, 81.86%; d; , 9.0%; ds. 0.6%. .

2-Hydroxy-10,f I-dideuteriodesipramine (2”~OH DMI-d: } This compouné
was obtained as & metabolite of IS,Il-dldeutenoIofeptmme from rat urine as
- follows. A suspersion of 10,11-dideutericiofepramine hyc{ro,.hionde in 0.5%
- CMC(sodium carboxy. methyi cellulose} . soiutxon was administered orally to
male Wistar rats- ‘The urine was collected duzmg Zéhaf:er &immlstmtmn ami
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exfracted with chloroform under alkzaline medium. From the extract, 2-OH-DMI-
d, wasseparated and purified by preparative TLC. The product was characterized
by TLC and, after preparation of its N ,O-bis{triflucroacetyl) derivative, by GC—
MS. The isotopic distribution was as follows: d,, 77.2%;d,, 13.0%:d,, 2.5%. 10,
1:-1 )1det:tenolofepramme hydrochloride was prepared from DMI-d, by the
method of Ericksco and Rothe f1].

Gas chromatography—mass fragmentography

A Hitachi Model RMU-8MG mass spectrometer equipped with a gas chroma-
tograph was used. The GC conditions for ethyl p-chlorobenzoate {(derived from
lofepramine} were as follows: glass coiumn (2 m X 3 mm [.D.) containing 2%
PEG-20M on Gas-Chrom @ (80—108 mesh); temperatures of the oven, injection
port and separator, 110°, 210° and 250°, respectively. The GC conditions for
the derivatives of BMI and 2-OH-DMI were as follows: glass column (Im X 3
mm [.D.} containing 1% OV-191 on Gas-Chrom @ (80—10C mesh); tempera-
tures of the oven, injection port and separator, 220°, 260° and 265°, respecti-
vely. The carrier gas (helium) flow-rate was 30 mi/min in all instances. The MS
conditions in all instances were as follows: ionization voltage, 39 eV; target
current, 80 pA; ion source temperature, 230°; multiplier potential, 1.5—
1.7 kV. For mass fragmentography, multiple ion detection was employed. The
following ion m/e focusing was used: m/e 139 for ethyl p-chlorobenzoate;
m/e 143 for ethy! p-chlorobenzoate-d:; m/e 459 for the bis{heptafluoro-
butyryl) derivative of DMI; m/e 461 for the bis(heptafluorobutyryt) derivative
of DMI-d,; m/e 320 for the N O-bis(triftuoroacetyl} derivative of 2-OH-BMI;
and m/e 322 for the N,O-bis{trifluoroacetyl) derivative of 2-OH-DMI-d; (see
Figs. 1—3}.

Analytical procedure

Eofepramine. To I ml of heparin-treated plasma, which had previocusly been
acidified with 0.06 mt of 2 M hydrochloric acid and stored at —20°, 9.2 ml of
0.5 M sodium hydroxide solution and 1 mi of 0.2 Af sodium hydrogen carbon-
ate—sodium carbonate buffer (4:6) pH 10, were added. The solution was ex-
tracted with 5 mi of z-hexane by shaking for 19 min on an automatic shaker.
After centrifugation, 4 ml of the arganic phase were transferred into a glass
tube and the solvent was evaporated under reduced pressure. To the residue,
I m! of ethanol containing 8.1 m! of 30% hydrogen peroxide solution was
added, and the mixture was allowed to stand for 1 h at room temperature. Fo
the reaction misture, 0.5 mi of distilled water and 58 gl of the internal stan-
darg sclution (4 pgg/mi of pchlorebenzoie acid-ds in ethancl) were added. The
mixture was concentrated under reduced pressure tc¢ a volume of about 0.5
mi, then 2 mi of I Af hydrochloric acid and 5§ ml of benzene were added. The
tube was shaken mechanically for 10 min, After cenfrifugation, the organic
phase was transferred: into a glassstoppered tube and the solvent was
evaporated. The residue was dissolved in ¢.2 ml of ethanol and 1 ml of ethanol
- saturated with h}droge‘x chloride gas. The mixed solution was heated at 692° for
I h, then -the reaction mixture was cooled in ice-cold water and 0.2 mt of

“-

_ ‘tsoamyi ‘alcohol was ﬁded The mixture was ccncenirated under reduced
: pxesazre toa voiume of ab:m Q 3 ml at rcom tempe:atuze- ‘Ta the concentrate 5‘
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Fig. 1. Mass spectrz of ethyl p-chlorobenzoate {derived from lofepramine} {ahicve} and ethyl
p-chlorobenzoate-d, (below).

5 ml of n-hexane and 2 mi! of 5% scdium hydrogen carbonate solution were
added. The tube was carefully shaken for 2 min and the organic phase was
transferred into a glass tube and concentrated to & volume of about 50 gl
under reduced pressure. A volume of 3 or 4 ul of thxs solution was m;ected
into the GC cclumn. .
. To 1 m! of urine sample, stored at —20°%, mI of the carbonaf.e buffer was
added, the mixture was extracted with 5 m! of n-hexane, and then processed'
as described for the plasma sgmple. =
Desipramine. To 1 mi of plasma sample, 2& gl of the m&mai standazd
solution (10 ggrmi of DMl«L hydrochloride in 0.1 M bydrochioric acid} and
-1 mal of 0.2 3 hydrochloric acid were added. The solution was shaken with -
;mi of dichl orcetaazze for 10 min and, after cenmfugage-;, the ozgamc ghase‘,
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Fig. 2. Mass spectra of desipramine bis{heptafluorobutyryl) derivative (above) and desi-
pramine-d, bis{heptafluorobutyryi) derivative {below).
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Fig. 3. Mass spectra of Z-hydzoxvdesxpmmme N O-bis{triflucroacetyl} derivative (above)
and 2~hydmxgdeszpmmme‘d= N,O-bis(trifluorcacetyl} derivative {below}.

was removed and-discarded. The aqueaus phaée was made alkaline by adding-

0.3 m! of 5 A sodium hydroxide solution and extracted with b mli of n-hexane,
-and then the mixture was centrifuged. All glassware in the following procedure
was rinsed with iscamyl alcohol prior to use. The organic phase was dried
over-1 gof anhyérous sodium sulphate and then evaporated ‘to drymess under
- .reduced pressure. To the residue, 280 ul of ethyl acetate and 40 p! of hepta-
freorobutyric. anhydnsie wers added and the reaction mixture was allowed

“to stand overnight in & tube with & stopper airoom temperature. The mixture

was ev@ata“ted to drvm under reduced pressuret The residue was te-dxssoived:
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in 50 gl of ethyl acetate and an aliquot of 2—4 y! was injected into the GC
column.

To & 2-ml urine sample, 50 pl of the internal standard solution as mentioned
above were added. The solution was made alkaline by addition of 0.5 ml of
5 M sodium hydroxide solution and extracfed twice with 3-ml portions of
n-hexane. After centrifugation, the extracis were combined and then processed
as described for the plasma sample.

2-Hydroxydesipramine. To 1 ml of urine sample, 10 gl of the internal
standard solution (15 pg/ml of 2-OH-DMI-d, in methanol) were added and the
pH was adjusted to 10 with 1 ml of 0.2 M carbonate buffer. The solution was
shaken with 5 m! of dichloroethane for 10 min. After cenftrifugation, the or-
ganic phase was transferred into a glass tube and evaporated to dryness under
reduced pressure. The residue was dissolved in 200 pi of acetonitrile, mixed
with 20 gl of N-trifluorcacetylimidazole and stood at 80° for 3 h. An aliquot
of 1—4 y! of the reaction mixture was used for GC.

Synthesis and spectral date of autkentic 10,I11-dihydro-5-f{3-(N-heptaflucro-
butyryl-N-methylamino }-2-heptafiuorobutyryl-I-propenylf -5H-dibenz [b,f] aze-
pine

To a suspension of 100 mg of desipramine hydrochloride in 2 ml of ethyl
acetate, 1 m! of heptafluorobutyric anhydride was added. The reaction mixture
was allowed to stand for 15 h at room ftemperature, and then evaporated to
dryness under reduced pressure. The residue was chromatographed on 4 g of
silica gel and eluted with benzene. From the main fraction, 65 mg of the bis-
(heptafluorcbutyry!) derivative were obtained as pale yellow crystals, m.p.
68—70°; infrared (film), 1680, 1640 (C=0), 1560 em-' (C=C and C=0);
nuclear magnetic resonance (CBC1l;}, 8.13 (s. 1H, vinvlic), 3.85 (s. ZH,
—CH,; —Nj}, 2.7—3.8 (m. 4H, —CH, —CH; ), 3.0 (broad s. 3H, —N—CH;}, 7.28
ppm (s. 8H, aromatic); ultraviolet X5« . (ethauol} 318 nm (e = 4.7 - 10%). The
mzss spectrum is shown in Fig. 2. The elemental composition was confirmed
by .high-resolution MS.

RESULTS AND DISCUSSION

The GC analysis of lofepramine itscif hav 10t been successful because it is
decomposed at the high temperatures ususilyy employed. Lundgren et al. [5]
reported 2 method for the deicrmination of {ofepramine, in which p-chicro-
benzaldehyde derived from lofepramine was detected by GG with an electron-
capture detector. In this mathod, the steam-distillation procedure for cleaning
up samples had to be operated with much caution because cf the high vo‘ah‘xty
of the aldehyde.

In our study, it was found that lofepram.ne was very unstable under oxi-
dation conditions and readily formed p-chlorobenzoic acid in hydrogen perox-:
ide solufion in 80% yield (standard deviatiorr 5%}. By determining the p-chioro-
benzoic acid thus generated, the amount of fofepramine could be calculated.
The oxidation resction was completed in 1 h. The resulting p «:hlorobenzcxc‘

. .acid was converted info its ethyl ester and determined by mass fragmento- -

""f’-‘f g’@h meu.tormg thf* p-cn.orobknzoyi ’an, m/e: 139 {tﬁe hase peak xcm}
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The mass spectrum of the methy! ester gave an analogous pattern to that of
the ethyl ester but, as long as m/e 139 ion was monitored, the methyl ester
was found fo be an unsuitable derivative for this analysis becaise methyl p-
chiorobenzoate-ds, used as an internal standard, also gave an ion at mfe 139
. due to the fragment {M—CI}'. As shown in Fig. I, such a disturbance was not

encountered with the ethy! ester (Fig. 44).
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Fig. 4. Mase fragmentograms obtained from plasma or urine of a healthy volunteer dosed
with lofepramine. (A) Lofepramine in plasmas; (B) desipramine in plasma: (C} 2-hydroxy-
desipramine in urine. Samples were processed as described under Analytical procedure.

The kinetics of the esterification reaction in ethanol saturated with hydrogen
chloride are shown in Fig. 5, The peak-height ratio was linear over the range 2
—80 ng/ml in plasma or urine (Fig. 7A}. A typical mass fragmentogram ob-
tained from human plasma containing lofepramine is shown in Fig. 4A. The
overall recovery of Iofepramine in this procedure was abcut 60%.
Although the internal standard was added after oxidation, the determina-
tionn of lofepramine was performed accurately because the recovery of lofe-
pramine during the extrsction procedure was shown to be more than 85% in
preliminary experiments in which known amounts of lofepramine hydrechlo-
- ride were added in 0.1 Af borate buffer {pH 10) and extracted with n-hexane,

‘the recovery being détermined by ultraviolét spectrophotometry [9]. The
- concomitant metabolite, p-chlorobenzoic acid, in biological material remained
~in the agueous phase under these extraction conditions. ,
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Fig. 5. Yields from the esterificaiion reaction of pchlorobenzoic acid at (o) 25° and () 60°.

Desipramine is the active metabolite of lofepramine that retains antidepres-
sant activity. Therefore, the determination of plasma levels of desipramine
would also afford valuable biological information. Several methods for the
GC determination of desipramine in biologica! fluids have been desecribed
[1C—15]. In those methods, desipramine was converted into its acyl deriv-
ative in order to avoid adsorption on the stationary phase. It has been shown
that the N-heptafluorcbutyryl derivative {(monoaey! derivative) of DMI is more
effective for avoiding adsorption than the acetyl or the trifluoroacetyl deriv-
ative. However, under the usual reaction conditions for heptafluorobutyryl-
ation, the bis(heptafiucrobutyryl) derivative of desipramine was also formed
in considerable amounts and it was difficult to control the reaction to form
the N-heptafluorobutyryl derivative selectively. By using efthyl acetate as the
reaction solvent, the bis{heptafluorcbutyryl) derivative could be obtained
more easily and quantitatively. This bis(heptafiucrobutyryl} derivative was
found to be far less adsorbed than the N-heptzafluorchutyryl derivative on the
GC column and gave a symmetricat pezak in the gas chromatogram. kt was also
stable to moisture.

These properties of the bis{heptaflucrobutyryl) derivative suggested that
it was the most suitable derivative for the QC analysis of desipramine. The in-
frared, nuclear magnetic resonance and ulfraviolet spectra of this compound
were similar to those of the bis{trifluoroacetyi)derivative of desipramine
reported by Walle et al, [16]}. The mass spectrum is shown in Fig. 2. These
spectral data suggest that the chemical structure of the bis(heptafivorabutyryl}
derivative is  10,11-dihydro-8-f3{N-heptaflucrobutyryl-N-methylamino}-2-
heptafluorobutyryl-1-propenyt] -5H-dibenz} b, ﬂa“epme, the --compound . in
which the trifluoroacetyl groups in Walle et al. ’s compound are replaced with
heptafluorobutyryl groups. The kinetics of the derivatization regction are
shewn in Fig. 6. The reaction was completed in 6 h. The ion corresponding
to [M—C_F,CO}l", m/e 452 for the sampie and m/fe 461 for the internal
standard, was monitored {Fig. 4B}. The ratio peak hexght. of DI to that of

: D\H—ci« was linear over the renge 2—60C ng/mt in plasma or urine {Fig.. 'IB}. ‘
Fm: the selective c{e(:ectmn of desmfamme in bmiogxcai ﬁmds lt was nee- -
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Fig. 6. Yields from the bis{heptafiuorobutyryl) derivative formation reaction of desipramine.

essary to remove lofepramine, which readily liberated desipramine during the
cleaning up process. Lofepramine was removed by exfracting fhe sample with
dichloroethane just after DMI-d, was added zs an internal standard. Addition
of the deuferio-labeled internai standard at the beginning of the procedure
contributed to a more precise and accurate determination of plasma or urine
Ievels of DMI.

When 2-OH-DMI was subjected to reaction with N-trifluoroacetylimidazole
at 80%for 3 h, the N,O-bis{trifluoroacetyl) derivative was formed quantitatively.
When examined by GC, the product gave a single symmetrical peak. With 2-OH-
DMI, the tris(heptafiuorobutyryl} derivative corresponding to the bis(hepta-
fluorobutyryl) derivative of DMI was found to be unstable under the GC con-
ditions. The mass specfra of the N,O-bis{trifluoroacefyl} derivatives of 2-OH-
DMI and of 2-OH-DMIE-d, are shown in Fig. 3. In the mass fragmentographic
determination, the fons monitored were m/e 320 for the sample and m/e 322
for the internal standard (Fig. 4C). The standard graph was linear over the
range 20 ng/mi to 1 ug/m! in urine (Fig. 7C).

The utility of these methods was demonstrated by applying them to clinical
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- Pig. 7. Standard geaphs: (A} lofepramine in human plasma; (B) desipramine in human plasma;

{C) 2-hydroxydssipramine in human urine. The standard graphs were obtained by adding
‘known amounts of lofepramine, desipramine or Z-hydroxydesipramine to i mt of human
- 'plasma or uring and processing them as deseribed under Analytieal procedure.
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ezperiments with human volunteers receiving single or muitiple doses of lofe-
pramine. The clinical significance of these results has been discussed prevmusly
f171. Representative resulfs are shown in Fig. 8.

The results demanstrate that the fechnique described here seems {:o be suit-
zble for determining the plasma levels and urinary excretion of lofepramine in
depressed patients undergoing chronic trealment.
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Fig. 8. (4) Plasma levels of lofepramine end desipramine in a healthy volunteer (subject
K.O., male, age 27, weight 55 kg} after = single oral dose of 50 mg of lofepramine. (B}
Urinary excretion of lofepramine and its metabolites in the same experiment. o, Lafepra-
mine o, desipramine; o, 2-hydroxydesiprantine.
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