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We examined Cunninghamella elegans to determine its ability to transform amoxapine, a tricyclic antide-
pressant belonging to the dibenzoxazepine class of drugs. Approximately 57% of the exogenous amoxapine was
metabolized to three metabolites that were isolated by high-performance liquid chromatography and were
identified by nuclear magnetic resonance and mass spectrometry as 7-hydroxyamoxapine (48%), N-formyl-7-
hydroxyamoxapine (31%), and N-formylamoxapine (21%). 7-Hydroxyamoxapine, a mammalian metabolite with
biological activity, now can be produced in milligram quantities for toxicological evaluation.

Amoxapine [2-chloro-11-(1-piperazinyl)dibenz-(b,f)(1,4)ox-
azepine] is a tricyclic antidepressant drug belonging to the di-
benzoxazepine class and is the N-demethylated derivative of
the neuroleptic compound loxapine (6, 11). Amoxapine, mar-
keted as Asendin, is used to treat depression, as well as anxiety
or agitation associated with depression (14). Amoxapine also is
considered an atypical antipsychotic agent for the treatment of
schizophrenia (12). In mammals, amoxapine is metabolized
mainly to two active metabolites, 7-hydroxyamoxapine and 8-
hydroxyamoxapine, by hepatic biotransformation (2, 13, 20).
Both metabolites inhibit the presynaptic reuptake of norepi-
nephrine, an antidepressant effect, while 7-hydroxyamoxapine
blocks postsynaptic dopamine receptors in the central nervous
system, an antipsychotic effect (6, 7, 14).

The study of drug metabolism and the toxicity of metabolites
are important in drug development. The neurological proper-
ties of tricyclic antidepressants have prompted research to
evaluate the metabolism of these drugs in various animal mod-
els (15). However, identification of metabolites from animal
sources and clinical samples can be hindered by insufficient
quantities of material. Some microorganisms, especially the
zygomycete fungi belonging to the genus Cunninghamella, can
metabolize compounds in a manner similar to metabolism by
mammals (3–5, 8, 9, 19) and have been used to isolate mam-
malian drug metabolites (10, 16, 17, 18, 21–24). The advan-
tages of a microbial system as a complementary in vitro model
for drug metabolism include its low cost, ease of handling,
scale-up capability, and potential to reduce the use of animals.
A microbial system also provides an alternative to or comple-
ment for organic synthesis and uses milder reaction conditions.
In this study, amoxapine was metabolized by Cunninghamella
elegans Lendner [Cunninghamella echinulata var. elegans (Lend-
ner) Lunn et Shipton] to produce 7-hydroxyamoxapine and
two novel metabolites, which demonstrated the potential of
fungal biotransformation to produce compounds of pharma-
ceutical interest for future toxicological evaluation.

Cultures of C. elegans ATCC 9245 were grown on Sab-
ouraud dextrose agar slants (Remel, Lenexa, Kans.) for 5 days
at 24°C and stored at 4°C. The spores and/or mycelia were

aseptically transferred to Sabouraud dextrose agar plates and
allowed to grow for 5 days at 24°C. The mycelia and agar from
two plates were transferred to a sterile blender cup containing
150 ml of a sterile physiological saline solution and homoge-
nized for 5 min. Approximately 5-ml portions of the blended
mycelial suspension were used to inoculate 125-ml Erlenmeyer
flasks containing 30 ml of Sabouraud dextrose medium. The
cultures were incubated at 25°C on a rotary shaker operating at
150 rpm. After 48 h, 10 mg of amoxapine (.99% pure; Re-
search Biochemicals, Inc., Natick, Mass.) dissolved in dimeth-
ylformamide (100 mg/ml) was added to each flask. In control
experiments we incubated a culture without amoxapine and
sterile flasks containing only media and amoxapine. Cultures
were extracted after 4, 8, 24, 48, 72, 96, 120, 144, 168, and
192 h. The data below are averages based on three separate
experiments performed with replicate batch cultures. The stan-
dard deviation was no more than 5% in each case. The incu-
bation time required for maximum metabolite formation was
120 h. Ten flasks were incubated and extracted in each repli-
cate. The organic extracts were dried over sodium sulfate and
evaporated to dryness in vacuo at 34°C by using a model Büchi
011 rotary evaporator (Brinkmann Instruments, Westburg,
N.Y.). Each residue was dissolved in 5 ml of methanol, trans-
ferred to a test tube (13 by 100 mm), and concentrated to a
volume of approximately 100 ml with a model SS21 Savant
Speed-vac system (Savant Instruments, Holbrook, N.Y.) for
analysis by high-performance liquid chromatography (HPLC).

The metabolites were isolated by reversed-phase HPLC by
using a semipreparative scale HPLC system consisting of a
model 100A pump (Beckman Instruments, Inc., Fullerton,
Calif.), a model 486 tunable UV absorbance detector (Waters
Corp., Milford, Mass.), and a model CR601 Chromatopac in-
tegrator (Shimadzu, Kyoto, Japan). The compounds were elut-
ed (Fig. 1) by using a linear 40 to 95% methanol gradient in
water for 40 min, a 5-mm C18 Inertsil ODS-3 column (10 by 250
mm; MetaChem Technologies, Torrance, Calif.), and a flow
rate of 5 ml/min. The major fungal metabolites were collected,
and their structures were determined by 1H nuclear magnetic
resonance (NMR) and mass spectrometry.

In another experiment, the major metabolite, 7-hydroxy-
amoxapine, and the residual amoxapine were quantified.
Cultures of C. elegans were grown in triplicate flasks, 5 mg of
amoxapine was added to each flask, and the preparations were
incubated and extracted as described above. The residues were
concentrated and redissolved in 5 ml of methanol, and 20-ml
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aliquots were injected into the HPLC column. Amounts of
7-hydroxyamoxapine and residual amoxapine were determined
by comparing the peak areas of these compounds with the peak
areas of known concentrations of amoxapine.

For NMR analysis (Table 1, Fig. 2), each metabolite was
dissolved in 0.5 ml of methylene-d2-chloride (99.96 atom%
2H). The NMR measurements were obtained at 500.13 MHz
with a model AM500 spectrometer (Bruker Instruments, Bil-
lerica, Mass.). Chemical shifts were determined on the d scale
(parts per million) by assigning the residual solvent peak to
5.32 ppm. Typical data acquisition parameters were as follows:
data size, 32 K; sweep width, 7,042 Hz; filter width, 8,900 Hz;
acquisition time, 2.33 s; flip angle, 90°; relaxation delay, 0 s;
and temperature, 301 K.

Mass spectral analyses were performed as previously de-
scribed (23). However, electron ionization (EI) analyses (Ta-
ble 1) were performed with an electron energy of 25 V to en-
hance the molecular ion region of the mass spectra. Molecular

weights were confirmed by ammonia positive ion chemical
ionization analyses (data not shown).

The HPLC chromatogram showed that amoxapine was
transformed to one major metabolite, which eluted at 17.9 min
and accounted for 48% of the total metabolism. The NMR
spectrum of this metabolite produced two resonances, at 3.40
and 3.47 ppm, that were broadened due to chemical exchange
(Fig. 2A). These resonances were the protons of the piperazine
ring, Ha, Hb, Hc, and Hd. The peaks integrated collectively as
8, indicating that there was no change in this ring. There were
no changes in the aromatic resonances of the A ring of the
dibenzoxazepine portion of the molecule compared to the res-
onances of amoxapine, but the B ring had a single substitution.
Two aromatic resonances exhibited large ($0.44-ppm) upfield
shifts that were consistent with ring hydroxylation. A nuclear
Overhauser enhancement experiment involving saturation of
the H4 resonance resulted in enhancement of the meta-cou-
pled doublet at 6.64 ppm, proving that the resonance at 6.64
ppm was H6. The site of substitution was C-7, based on the
coupling pattern and the results of homonuclear decoupling
experiments. The EI mass spectrum revealed a molecular ion
at m/z 329 and a series of ions that included the dibenzoxaz-
epine portion of the molecule with a base peak at m/z 261. The
molecular ion at m/z 329 suggested that hydroxylation had
occurred, and the base peak at m/z 261 was further evidence
that hydroxylation of the dibenzoxazepine portion of the mol-
ecule had occurred. Based on the NMR and mass spectral
data, the metabolite was identified as 7-hydroxyamoxapine
(Table 1).

The NMR experiments used in the analysis of the compound
that eluted at 21.8 min revealed that there was a single substi-
tution at the H7 position. The piperazine ring protons at 3.43,
3.50, and 3.64 ppm integrated as 8, as for 7-hydroxyamoxapine.
The EI mass spectrum showed that there were a molecular ion
at m/z 357, a series of ions similar to those described above for
7-hydroxyamoxapine that indicated that hydroxylation of the
dibenzoxazepine portion of the molecule had occurred, and a
minor fragment ion at m/z 113. The molecular ion at m/z 357
suggested that both formylation and hydroxylation had oc-
curred. The minor fragment ion at m/z 113 (m/z 85 1 C¢O) was
further evidence that formylation of the piperazine ring had
occurred (Table 1). The NMR spectrum was consistent with
formylation of the piperazine ring in that it showed a singlet at
8.08 ppm that integrated as one (Fig. 2B) and, when selectively
saturated, produced a nuclear Overhauser enhancement at 3.50
ppm. The metabolite was identified as N-formyl-7-hydroxy-
amoxapine.

FIG. 1. HPLC chromatogram of amoxapine and its metabolites formed by
C. elegans.

TABLE 1. Chromatographic, mass spectral, and proton NMR data for amoxapine and its metabolites formed by C. elegans

Compound HPLC retention
time (min) Mass spectral ions (m/z)a NMR chemical shifts (ppm)b

7-Hydroxyamoxapinec 17.9 329 (24), 299, 285, 273, 261 (100), 244, 209, 85,
69, 56 (7)

7.37 (H1), 7.44 (H3), 7.19 (H4), 6.64 (H6), 6.60 (H8),
7.00 (H9), 3.40, 3.47 (Ha-d)

N-Formyl-7-hydroxy-
amoxapinec

21.8 357 (100), 328, 313, 299, 285, 273 (57), 260, 245,
209, 113 (7), 98 (4), 85, 70, 56 (5)

7.38 (H1), 7.45 (H3), 7.20 (H4), 6.65 (H6), 6.61 (H8),
7.02 (H9), 8.08 (H10), 3.43, 3.50, 3.64 (Ha-d)

N-Formylamoxapined 29.1 341 (100), 312, 283, 268/270, 257 (84), 244, 228,
229, 193, 113 (7), 98, 85, 69, 56 (6)

7.37 (H1), 7.47 (H3), 7.25 (H4), 7.06, 7.10–7.15 (H6-9),
8.09 (H10), 3.52, 3.65 (Ha-d)

Amoxapined 26.7 313 (10), 283, 263, 257, 245 (100), 228, 216, 193,
56 (4)

7.33 (H1), 7.45 (H3), 7.22 (H4), 7.30, 7.07–7.15 (H6-9),
3.34, 3.86 (Ha-d)

a Ions above m/z 209 had an isotope pattern consistent with the presence of a single chlorine. Only the most abundant ion is shown. The numbers in parentheses
are relative abundance values, expressed as percentages.

b Samples were dissolved in methylene-d2-chloride.
c The coupling constants were as follows: J1,3 5 2.6 Hz; J3,4 5 8.8 Hz; J6,8 5 2.8 Hz; and J8,9 5 8.6 Hz.
d The coupling constants were as follows: J1,3 5 2.6 Hz; and J3,4 5 8.6 Hz.
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The aromatic region of the NMR spectrum of the peak
eluting at 29.1 min (Fig. 2C) exhibited the same number and
multiplicity of resonances as the parent compound, amoxapine.
The only difference was a sharp singlet at 8.09 ppm, which was
similar to the singlet of N-formyl-7-hydroxyamoxapine. Mass
spectral analysis revealed a molecular ion at m/z 341, a series of
ions similar to those observed for amoxapine that indicated
that the dibenzoxazepine portion of the molecule was unmod-
ified, and a minor fragment ion at m/z 113. The molecular ion

at m/z 341 suggested that formylation without hydroxylation
had occurred, and the minor fragment ion at m/z 113 again
indicated that formylation of the piperazine ring had occurred
(Table 1). The metabolite was identified as N-formylamoxap-
ine. Mass spectral and NMR analysis (Fig. 2D) of authentic
samples of amoxapine confirmed that the peak eluting at 26.7
min was unmetabolized amoxapine.

The fungus transformed amoxapine to three metabolites.
The major type of enzymatic attack was hydroxylation at the
C-7 position, and 7-hydroxyamoxapine (48%) was the most
common metabolite formed. The other metabolic modification
was addition of a formyl group to the piperazine ring to form
N-formylamoxapine (21%). The combined modifications at
both these locations produced the third metabolite, N-formyl-
7-hydroxyamoxapine (31%).

In summary, our experiments demonstrated that C. elegans
can be used to biotransform amoxapine to 7-hydroxyamoxap-
ine, the major mammalian metabolite, and two other novel
metabolites with a high yield at low cost. These compounds are
difficult to chemically synthesize or to isolate from experimen-
tal animals in order to obtain clinical samples. Because very
little is known about the mechanism of clinical action of amox-
apine and its metabolites in patients, the fungal biotransfor-
mation system can be used to obtain milligram quantities of
amoxapine metabolites for evaluations of their neurotoxicity
and biological activity.
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