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The microsomal N-oxidation of phentermine

A. H. BECKETT} AND P. M. BELANGER¥
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The microsomal N-oxidation of phentermine (Ia) to N-hydroxyphentermine (Ib) and to
o,x-dimethyl-e-nitroso-3-phenylethane (Ic) was investigated. Maximum activities were
obtained with microsomal (9000 g supernatant and microsomes) fractions of rabbit liver
in the presence of an NADPH generating system. Incubation of Ia with hepatic washed
microsomes from a phenobarbitone pretreated rabbit increased the formation of Ib and
decreased that of Ic but the total amount of N-oxidized metabolites (i.e. Ib -+ Ic) was not
affected. The ratio of the metabolically produced Ic to Ib but not the total amount of
N-oxygenated metabolites varied greatly depending of the liver microsomal fractions
used in the incubation mixtures of Ia; more Ib was produced from Ia using 9000 g super-
natant and conversely, more Ic was formed using the washed microsomes of the same liver.
The nitroso compound (Ic) was metabolically reduced to Ib and Ib to Ia by the hepatic
9000 g supernatant and soluble fraction; under the same conditions, washed microsomes
had only limited reductive properties towards Ic and Ib. N-Hydroxyphentermine (Ib) was
not metabolically oxidized to I¢c when incubated with washed microsomes from rabbit
liver. The use of known carbon-oxidation inhibitors showed that cytochrome P-450 is
not involved in the incorporation of oxygen at the nitrogen centre of Ia. The metabolic
characteristics and kinetic behaviour of the microsomal N-oxidation of Ia supported a
recently proposed mechanism explaining the independent formation of Ib and Ic from a
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common precursor resulting from metabolic N-oxidation of Ia.

N-Hydroxyphentermine (Ib) and a,o-dimethyl-o-
nitroso-B-phenylethane (Ic) were identified as the
major N-oxygenated metabolites of the anorexic
drug phentermine (Ia) when incubated with hepatic
microsomal fractions preparations from rabbit and
guinea-pig (Beckett & Bélanger, 1974a). They have
also been found in human urine following a single
dose of Ta (Beckett & Bélanger, 1974b); p-hydroxy-
phentermine has also been identified in the urine of
rats (Weischer & Opitz, 1967) and man (Cho, 1974)
after dosing with Ia, A two-enzyme model system
including a zero-order rate and a substrate-dependent
saturable system has been recently proposed to
describe the in vitro formation of N-hydroxyphen-
termine (Ib) from phentermine (Ia) (Cho, Lindeke &
Sum, 1974). Previously, the same group reported the
identification of Ib as a metabolite of Ia using a
microsomal fraction from rabbit liver (Cho, Lindeke
& Hodshon, 1972).

The in vitro metabolic characteristics of the N-
oxidation of phentermine (Ia) to N-hydroxyphenter-
mine (Ib) and to «,«-dimethyl-a-nitroso-S-phenyl-
ethane (Ic) are now reported.

MATERIALS AND METHODS
Compounds and reagents
Phentermine hydrochloride was provided by Riker
Laboratories (England). N-Hydroxyphentermine (Ib)
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as the oxalate, o,a-dimethyl--nitroso-S8-phenyl-
ethane (Ic) and o, a-dimethyl-a-nitro-S-phenylethane
(Id) were prepared as described by Beckett &
Bélanger (1974a). The following compounds were
used: 1,10-phenanthroline hydrate, 4-chioromer-
curibenzoic acid, nicotinamide, N-ethylmaleimide,
sodium cyanide, sodium azide, dithiothreitol, from
BDH, potassium iodide and ethylenediamine-
tetraacetate disodium salt (EDTANa,), from May &
Baker Ltd. NADPNa,, NADH,, glucose-6-phosphate
disodium salt and glucose-6-phosphate dehydr-
ogenase were obtained from Boehringer. Catalase
from bovine liver (as purified powder) was purchased
from Sigma Chemical Co.

Preparation of the liver homogenates

Young adult animals [New Zealand white rabbits
(Great Toteas, Buckstead), 1'5-3-0kg; Albino
Dunkin Hartley guinea-pig (Redfern Animal Sup-
plies), 750 g; Laca mouse (Tuck & Son, Southend),
30g; South Down Warren chick (South Down
Hatcherie’s, Uckfield), 100 g; Syrian hamster (Ex-
Chester Beatty), 100g and Wistar rat (CFHB
Carworth), 350 g] were Kkilled, the livers rapidly
removed and the 9000g¢ supernatant, soluble
fraction and microsomes prepared as described
(Beckett & Bélanger, 1974a). Washed microsomes
were prepared by resuspending the microsomal
pellets in 0-25 M tris~KCl buffer (pH 7-4) and centri-
fuging at 140 000 g for 1 h at 0°, Washed microsomes
from rabbit lungs and kidneys were similarly pre-
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pared. All homogenate fractions were resuspended in
fresh isotonic tris-KCl buffer at a final homogenate
concentration equivalent to 0-5 g of liver mi~% In
other experiments phenobarbitone (80 mg kg2, i.p.)
was injected daily to rabbits for three days before
killing (on the fourth day) and the hepatic homo-
genates prepared as described above.

Incubation experiments

Incubations were in 25 ml conical flasks in a water
bath at 37° with shaking. Unless otherwise stated,
each incubation mixture contained NADP (as di-
sodium salt, 3-4 mg, 4 umol), glucose-6-phosphate
(as disodium salt, 6 mg, 10 umol), nicotinamide
(0-1ml of a 06 M solution in water, 60 pmol),
MgCl, (0-2 ml of a 0-01 M solution in water, 20 pmol)
all added in water to a final volume of 1 ml, phos-
phate buffer pH 7-4 (British Pharmacopoeia, 1968,
p. 1362; 3 ml), homogenate fraction (1 ml, equiva-
lent to 0-5g of original liver) and substrate in
water (1 ml), giving a total incubation volume of
6 ml. Glucose-6-phosphate dehydrogenase (2 units
per flask) was added to the incubation mixture
when microsomes or washed microsomes were used.
In one experiment, various concentrations of homo-
genate equivalent to 0-25, 0-5, 0-75 and 1 g of liver
were made up by diluting the washed microsomes
with the phosphate buffer pH 7-4. When com-
pounds having a potential inhibiting action (with a
final concentration of 1 mM in each flask) were
added to the incubation mixtures, they were dis-
solved in a phosphate buffer (pH 7-4) immediately
before the experiment. Unless otherwise stated,
incubations were carried out with freshly prepared
homogenates at pH 7-4. In all cases, the incubation
mixtures were incubated for 5Smin at 37° with
shaking before the addition of substrate; after
addition, the incubations were carried out for
various periods of time as described in Results.
Using these conditions, phentermine (Ia, as HCl,
0-25-10 umol in water, 1ml), N-hydroxyphen-
termine as oxalate (Ib; 0-17, 022, 0-34 and 05
pmol base in water, 1 ml; freshly prepared solu-
tions) and o,x-dimethyl-z-nitroso-S-phenylethane
(Ic; 04, 0411, 0-5, 0-54 and 0-68 umol of the
monomer in methanol, 0-1 ml; freshly prepared
solutions) were incubated with homogenates. When
not used, the homogenates were stored at 4°.

The apparent Km and the maximum rates of
metabolism (Vmax) for the microsomal N-oxida-
tion of phentermine (Ia) were determined over the
concentration range of 025 to 10 umol per 6 ml
(0-0416-1-666 mm) using rabbit 9000 g supernatant
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and washed microsomes of the same liver prepared
the same day. The data were plotted according to
the Lineweaver-Burk (1/V vs 1/S) and Hofstee
(V vs V/S) methods and subjected to regression
analysis to give the appropriate Km and Vmax
values.

Analysis of phentermine (Ia) and its metabolic
products

After completion of the incubation, the metabolic
reaction was stopped by rapidly placing the flask
in an ice tray at 0°. Phentermine (Ia), its metabolic
products Ib and Ic and the total N-oxygenated
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metabolites were determined by gas-liquid chromato-
graphy using the methods described for the analysis
of mephentermine and its metabolic products
(Beckett & Bélanger, 1975). Phentermine (Ia) and
N-hydroxyphentermine (Ib) were analysed guanti-
tatively as the trifluoroacetyl and trimethylsilyl
derivatives respectively. The total N-oxidized meta-
bolites of Ia, i.e. N-hydroxyphentermine (Ib) and
a,a-dimethyl-o-nitroso-S-phenylethane  (Ic), were
determined by the amount of o,x-dimethyl-a-
nitro-f-phenylethane (Id) present in the ethereal
extract of the incubation mixture (6 ml) after oxida-
tion with potassium permanganate (19, solution,
1 ml) since it has been established that Ib and Ic,
but not Ia, are oxidized quantitatively to the nitro
compound (Id) under these conditions (Beckett &
Bélanger, 1975). The amount of the nitroso com-
pound (Ic) present in the incubation mixture was
determined by subtracting the amount of N-
hydroxyphentermine (Ib) from that of total N-
oxidized metabolites of Ia.

Determination of protein and cytochromes P-450 and
bg contents

The protein content of the homogenates was deter-
mined by the method of Lowry, Rosebrough &
others (1951) using serum bovine albumin as
standard. The concentrations of cytochromes P-450
and b; in homogenates were determined by the
methods of Omura & Sato (1964) using an extinction
coefficient of 91 mmM~*cm™ for the difference in
absorbance of the reduced carbon monoxide-
cytochrome P-450 complex between 450 and 490 nm
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and an extinction coefficient of 171 mm—*cm~* for
the difference in absorbance of the reduced cyto-
chrome b; between 424 and 480 nm.

RESULTS AND DISCUSSION

When phentermine (Ia) was incubated with homo-
genate from different organs of rabbit in the presence
of a NADPH generating system, the activity to
N-oxidize this substrate to N-hydroxyphentermine
(Ib) and «,x-dimethyl--nitroso-S-phenylethane (Ic)
was mainly localized in the liver microsomal fractions
(Table 1). Little metabolism occurred in the liver
soluble fraction, Lung and kidney washed micro-
somes had roughly 209, of the specific activity
of the liver washed microsomes under the same
conditions (Table 1) although the former are known
to N-oxidize some aromatic primary and secondary
amines at greater or equal rates than hepatic
microsomes (Uehleke, 1973).

The amounts of unchanged phentermine (Ia) and
total N-oxidized metabolites, i.e. Ib and Ic, deter-
mined after incubation of Ia for 60 min with liver
9000 ¢ supernatant and washed microsomes were
47 and 0-26 (£-0-06) umol respectively; the total
recovery of substrate moiety was 9929 (4-96 umol).
Therefore, phentermine (Ia) was not metabolized
by routes other than metabolic N-oxidation to the
hydroxylamino (Ib) and C-nitroso (Ic) compounds
under the present conditions of incubation.

The microsomal N-oxidation of phentermine (Ia)
required reduced pyridine cofactors for maximum
activity; without a NADPH generating system, liver
microsomal fractions catalysed the N-oxidation of
Ia only to a slight extent (Table 1). Doubling the
amount of NADP of the standard cofactor solution
(see experimental) did not increase the amount of
total N-oxidized metabolites (Bélanger, 1975).

Of the species tested, the best N-oxidizing activity
of Ia was found in rabbit liver microsomes, since
microsomal preparations from guinea-pig, mouse,
chick, hamster and rat livers have activities of 109
and less of rabbit liver under the same conditions
of incubation (Bélanger, 1975). Therefore, hepatic
microsomal fractions from rabbit were subsequently
used in all experiments.

The 9000g¢ liver supernatants gave relative
amounts of the hydroxylamino (Ib) and nitroso (Ic)
compounds different from those using microsomes
(Table 1) but the total amounts of N-oxygenated
metabolites were similar. Much more hydroxylamine
(Ib) was formed when phentermine (Ia) was incu-
bated with the 9000 g supernatant but more nitroso
(Ic) from the microsomes of the same liver under
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the same conditions of incubation. Washing the
hepatic microsomes led to a loss of activity but
altered only slightly the ratio of the nitroso compound
(Ic) to N-hydroxyphentermine (Ib). However, con-
siderable inter-experiment variations occurred in
the ratio of the metabolites Ic to Ib.

Incubation of Ia with phenobarbitone-induced
washed microsomes from rabbit liver did not affect
the total N-oxidation of Ia but altered the ratio of
the nitroso (Ic) to the hydroxylamino (Ib) com-
pounds because formation of Ic was decreased by
85% while that of Ib was increased by 4009
(Table 1). In these preparations, the amount of
protein and that of cytochrome P-450 per mg of
protein were roughly double those of the non-
induced washed microsomes; the amount of cyto-
chrome b; per mg of protein was not significantly
affected by the phenobarbitone pretreatment. The
increase in amount of Ib formed did not parallel
that of cytochrome P-450.

Incubation of a,c-dimethyl-g-nitroso-B-phenylethane
(Ic) with liver microsomal fraction from rabbits
Because the ratio of the metabolically produced
nitroso (Ic) to N-hydroxyphentermine (Ib) varied
greatly between experiments, the separate meta-
bolism of Ic and Ib under the same conditions was
investigated. «,a-Dimethyl-a-nitroso-S-phenyl-
ethane (Ic) is metabolically reduced mainly to Ib
(45 + 129%) when incubated for 1 h with hepatic
9000 ¢ supernatants from rabbit under aerobic
conditions but only to a small extent (87 £ 2%)
using washed microsomes (means of 4 experiments).
In absence of an NADPH generating system, only
small amounts of Ib (2-5%) were formed using
washed microsomes. Thus, this reduction step is
enzymic and is mainly localized in the soluble
fraction. The enzymic reduction of aromatic nitro
compounds to their corresponding amines occurs in
the soluble fraction (cytosol) and microsomes from
the liver of rabbit and many other species but
anaerobic conditions are considered essential
(Mitchard, 1971; Poirier & Weisburger, 1974;
Symms & Juchau, 1974). However, aromatic C-
nitroso and hydroxylamino compounds have been
shown to be intermediates in the course of the
enzymic reduction of aromatic nitro compounds to
the corresponding amines (Gillette, 1963; Uechleke,
1963; Uehleke & Nestel, 1967; Gillette, Kamm &
Sasame, 1968).

No increase in the amounts of N-hydroxy-
phentermine (Ib, 88 4+ 3-3% of the amounts of
Ic) formed was obtained when Ic was incubated for
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1 h with washed hepatic microsomes from rabbits
pretreated with phenobarbitone. In fact, the specific
activity of the microsomal C-nitroso reductase must
have decreased by 509, because the amount of
protein in the phenobarbitone-induced washed
microsomes was roughly double that present in the
normal (non-induced) washed liver microsomes.
The difference in the rate of reduction of Ic to Ib
may account for the differences in the amounts of
Ib and Ic detected in the incubation mixtures of
Ja wusing 9000 ¢ supernatants or washed micro-
somes (Table 1) and for the different Kkinetic
characteristics observed (see later).

Incubation of N-hydroxyphentermine (Ib) with liver
homogenate fractions from rabbit

N-Hydroxyphentermine (Ib) is mainly metabolized
by reduction to phentermine (Ia) when incubated
for 1 h with rabbit liver homogenates fortified with
an NADPH generating system under aerobic
conditions. The rate of reduction of Ib to Ia was
fast (81-6 4+ 2-79() using the 9000 g supernatants
and very slow (73 + 1-:3%) using the washed
microsomes. Under the same conditions, a signifi-
cant amount of phentermine (la, 22-2% of the
amount of Ib incubated) was produced when Ib
was incubated with the liver soluble fraction and
the results suggest that both the microsomal and
the soluble fraction combined together (9000 g
supernatant) are needed for optimum reduction.
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However, Ib was not further oxidized and was
recovered almost completely unchanged (95-6 +
2-7%) when incubated for 1h with washed liver
microsomes under the same conditions that catalysed
the metabolic N-oxidation of Ia to Ib and Ic. Thus,
the nitroso compound (Ic) is not derived from the
microsomal oxidation of N-hydroxyphentermine
(Ib) in the present conditions of incubation of
phentermine (1a).

A microsomal enzyme which catalyses the reduc-
tion of various hydroxylamines has been recently
purified from pig liver microsomes (Kadlubar,
McKee & Ziegler, 1973 ; Kadlubar & Ziegler, 1974).
The same group reported hydroxylamine oxidase
activity in pork and rat liver microsomes (Kadlubar
& others, 1973; Poulsen, Kadlubar & Ziegler, 1974).
However, the hydroxylamine oxidase activity was
only specific for secondary hydroxylamines under
specific kinetic conditions and many primary
hydroxylamino compounds including N-hydroxy-
amphetamine, a metabolite of amphetamine
(Beckett & Al-Sarraj, 1972), were not oxidized by
this enzyme. The rapid reduction of Ib in the liver
9000 g supernatant may also be responsible for the
variation in the apparent rate of formation of Ib
upon incubation of Ia.

In vitro kinetic studies
The rates of N-oxidation of Ia to Ib and Ic when
incubated with hepatic washed microsomes from

Table 1. The in vitro metabolism of phentermine (5 pumol per 6 ml) with rabbit homogenate fractions from
different organs at 37° in the presence or not of a NADPH generating system. Results are expressed as a mean
value + mean deviation; the number of experiments is in parentheses. R is the ratio of the metabolically
produced nitroso (Ic) to the hydroxylamine (Ib) compounds calculated by dividing the amounts of Ic (amol)
by that of Ib (nmol). nmol mg~!: nmol mg~? of protein.

Amounts of metabolites formed

Incuba-
tion a,a-Dimethyl-a-nitroso- -
time Total N-oxidized metabolites N-Hydroxyphentermine (Ib) phenylethane (Ic)

Li Ig"(l;%((:)tions (min) (nmol) (nmol mg-?) (nmol) (nmol mg™*) (nmol) (nmol mg~?) R

iver g

supernatant 60 320 +40 (6)a 1154 2:3(6) 1196&:239(7) 50 & 1+ 8(7) 130-1 4+ 364(7) 384+ 09(7) 1
Liver soluble fraction 60 33 +12:5(4) 111+ 04(4) 28 9 (3) 094+02(3) 132+ 032 06+02(2) 05
Liver microsomes 60 303 £ 0 (2) 5514+0 (2) 675 ;i: 12 5(2) 123 ;l: 2:3(2) 23554 125(2) 428+23(Q2) 35
Liver washed
L microsomes 60 2000 £ 16-7(13)b 264 3 (13) 478 4 5:6(14) 64 +0-9(14) 1421 +188(9) 166 +1-7(9) 3-0

iver washed

microsomesc 60 29 1+ 04(2) 1-1 £ 0:5(2) 19+ 01(2)
Liver PB washed

microsomesd 60 283 + 1-8(2) 274 £ 53(2) 2342 (2) 008
Liver washed
L microsomes 30 1456+ 18 (2) 2144 £2:7(2) 351 +£45(2) 52+07Q) 11054+ 136(2) 163+2 (2) 31

ung washed

microsomes 30 69+ 0-1(2) 3940 (2 36402(2) 21 £02(2) 33 4£02(2) 1940222 1
Kidney washed

microsomes 30 134 £ 2:3(2) 334062 37+ 14(2) 09 +03(2) 97 +37(2 244092 29

a and b: The recovery of unchanged phentermine using 9000 g supernatant (mean of 4 experiments) and washed microsomes (mean of 6

experiments) was 47 ymol in each case.
¢: NADP was omitted from the cofactor solution.
d: phenobarbitone pretreated rabbit.
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rabbit were linear with time to at least 30 min
(Fig. 1) and linear with microsomal concentrations
over the range of 6-6 to 264 mg of protein equiva-
lent to 0-25-1 g of original liver (Bélanger, 1975).
However, the rates of formation of Ib and Ic upon
incubation of Ia with the 9000 g supernatant of the
same liver were not linear with time (Fig. 1).

260
220 ’
70
7Y ’
180 L,
A J
g 140f O//
< 100} &
o
60r BT T T g T
/ s //Q’ ~a
201/ &
10 30 50
Time (min)

F1G. 1. The effect of duration of incubation time (min)
on the in vitro N-oxidation of phentermine (Ia, 5 pmol
per 6 ml) to N-hydroxyphentermine (Ib, O and @)
and «,x-dimethyl-x-nitroso- -phenylethane (Ic, A and
A) using 9000 g supernatant (dotted line) and washed
microsomes (solid line) from the same rabbit liver.
Each point is the mean value of two incubations.
Abscissa-amounts of metabolites formed (nmol).

When reaction rates were plotted as a function
of substrate concentration from 0-25 to 10 umol
per 6ml (0-041-1-666 mM), a typical saturation
curve was obtained for the formation of total
N-oxidized metabolites of Ia when incubated with
hepatic washed microsomes from rabbit (Fig. 2A);
an atypical curve suggesting substrate activation or
more complex kinetic behaviour was obtained for
the total N-oxidation of Ia using the 9000 g super-
natant of the same liver under the same conditions
(Fig. 2B). It should be noted that the ratio of the
metabolites Ic to Ib varied greatly with respect to
the substrate concentration incubated, the time of
incubation and the microsomal fraction used (Figs
1 and 2). Good fitting curves were obtained when
the data of the total N-oxidized metabolites formed
upon incubation of Ia with the hepatic 9000 g
supernatant and washed microsomes were plotted
according to Lineweaver-Burk method (Table 2)
thus suggesting the presence of a single enzyme
system. The Km value for the total N-oxidation of
Ia using the 9000 g supernatant is roughly double
that obtained with the washed microsomes of the
same liver; this discrepancy is explained by the fact
that washing the microsomes results in 509 loss
of the specific activity for the total microsomal
N-oxidation of Ia (see Table 1). The amounts of
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Fi16. 2. The effect of substrate (phentermine) concentra-
tion (pmol per 6 ml) on the formations of total N-
oxidized metabolites (-O-), N-hydroxyphentermine
(Ib, ~@-) and o,0-dimethyl-a-nitroso-B-phenylethane
(Ic, A) using rabbit washed microsomes (A) and
9000 g supernatant (B) from the same liver. The
incubation time was 60 min. Each point is the mean
value of two incubations. Abscissa—amounts of
metabolites formed (pmol).

Ib formed from Ia with hepatic washed micro-
somes were independent (zero order) of the sub-
strate concentrations used (Fig. 2A); the major
N-oxygenated metabolite, the nitroso compound
(Ic), gave Km and Vm values closely related to
those of the total N-oxidation of Ia (Table 2).
Under identical conditions, different kinetic behavi-
our was observed when different concentrations of

Table 2. Enzyme-substrate characteristics (Km and
Vmax) for the total N-oxidation of phentermine (la),
the formation of N-hydroxyphentermine (Ib) and that
of ao-dimethyl-o-nitroso-f3-phenylethane (Ic) by
rabbit washed microsomes and 9000 g supernatant
from the same liver. The incubation time was 60 min.
Data were plotted according to Lineweaver-Burk
method and submitted to regression analysis to
give the appropriate Km and Vmax values. Km
and Vmax represent umol per 6 ml and pmol per
0-5 g of liver per 60 min respectively.

No. of Corr. % offit
Metabolic reaction data  coeff. ofcurve Km  Vmax
Washed microsomes
Total N-oxidized
metabolites 13 +098 963 0-38 -26
Formation of Ib 7 —0-45 201 —0-05 001
Formation of Ic 7 +099 978 050 026
9000 g supernatant
Total N-oxidized
metabolites 14 +099 976 073 02
Formation of Ib 14 4097 942 34 0-38
Formation of Ic 12 +0-34 118 011 00
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Ja were incubated with the 9000 g supernatant of
the same liver (Fig. 2B). Poor correlations were
obtained when the appropriate kinetic data of the
rates of formation of Ic were plotted (Table 2).
The rate of formation of Ib was not zero-order with
respect to the substrate concentrations incubated;
the Hofstee plot (V vs V/S) of the data yielded a
biphasic curve as recently reported for the forma-
tion of Ib with rabbit liver microsomes (Cho &
others, 1974) suggesting a multi-enzyme system.
The kinetics of formation of Ib and Ic upon
incubation of la with hepatic microsomal fractions
from rabbits suggested that Ib and Ic were formed
independently since no lag period for the formation
of these two N-oxidized metabolites of Ia was
obtained (Fig. 1). Furthermore, the separate incuba-
tion of Ib with liver washed microsomes under the
same conditions did not give Ic although the latter
is metabolically reduced to Ib; the rate was very
slow using the washed microsomes and thus this
reaction is unlikely to be responsible for the meta-
bolic formation of Ib especially at the early stage
of incubation of Ia with the microsomes (Fig. 1).
The kinetics of the microsomal formation of total
N-oxidized metabolites of phentermine (Ia) suggest
that a single enzyme system catalyses the incorpora-
tion of oxygen at the nitrogen centre of la to give
both Ib and I, i.e. that Ib and Ic are derived from
the same metabolic precursor. Furthermore, the
independent direct formation of C-nitroso (Ic) and
hydroxylamino (Ib) compounds from phentermine
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(Ia) indicates the final involvement of one oxygen
atom in the immediate precursor of Ib and two in
the case of Ic and is explicable in terms of a
mechanism of microsomal N-oxidation involving
formation of an oxygen radical/flavoprotein anion
associated with the nitrogen radical cation in a
complex as proposed recently by Beckett &
Bélanger (1974c). The rate of dissociation to a
hydroperoxide versus the metabolic reduction of
this complex controls the formation of «,0-dimethyl-
o-nitroso-3-phenylethane  (Ic) and N-hydroxy-
phentermine (Ib) respectively. The present results
indicate that the rate of metabolic reduction of the
precursor complex of Ib and Ic (Beckett & Bélanger,
1974c) is increased by phenobarbitone pretreatment
of the rabbit to favour the formation of Ib instead
of Ic from Ia.

Effects of potential inhibitory compounds on the
microsomal N-oxidation of phentermine (la)
The effects of the compounds on the microsomal
N-oxidation of Ia to Ib and Ic and on the micro-
somal reduction of Ic to Ib are listed in Table 3.
Sodium cyanide, sodium azide, and ethylenedia-
minetetraacetate disodium (EDTA Na,) increased the
total N-oxidation of Ia when present at concentra-
tion of 1 mmM in the incubation mixtures; nicotin-
amide, potassium iodide, N-ethylmalaimide and
dithiothreitol had no significant effect on the in vitro
metabolism of Ia. Sodium cyanide and sodium
azide are known inhibitors of microsomal alcohol

Table 3. The effect of potential inhibitors (I mm)and catalase (100 pg per 6 ml) on (A) the in vitro N-oxidation of
Phentermine (Ia, 2 umol per 6 ml} and (B) the in vitro reduction of a,o-dimethyl-a-nitroso-B-phenylethane (Ic,
0-54 umol per 6 ml incubated) to N-hydroxyphentermine (Ib) with hepatic washed microsome from rabbit. The
incubation time was 60 min. Results are expressed as a mean percentage value 4 mean deviation of duplicate
experiments compared to control incubation of Ia (100 %) in A and Ic (100 %) in B.

A B
% formation of o, 0-Dimethyl-oc- % reduction to
Total N-oxidized N-hydroxy- nitroso- 8-phenyl- N-hydroxy-
Potential inhibitors metabolites phentermine ethane phentermine
None (control) 100 100 100 100
Sodium cyanide 138 + 10-1 841 128 4+ 95 140 4 25
Sodium azide 128 + 85 35 1+ 7 5 70-5 4 294 263-8 & 6°1
Ethylenediaminetetraacetate
disodium (EDTANa,) 114 4+ 64 2701 + 44 477 £ 0 5102 + 16
Nicotinamide 97 + 2 24 2 100-7 &+ 7 —
Potassium iodide 101-8 4~ 01 111-4 £ 18 83 4+ 32 —
N-Ethylmaleimide 107-6 & 7-1 1184 4 24 105 4+ 16 137 +17
Dithiothreitol 947 + 13 4+ 15 952 + 24 —_
1,10-Phenanthroline hydrate 81-4 + 34 -5 + 13 817 4+ 1 139 + 31
4-Chloromercuribenzoic acid 0 £+ 0 + 0 0 £+ 0 —_—
Catalase 94 4+ 3 + 1 94 4+ 4 —
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mixed-function oxidase (Orme-Johnson & Ziegler,
1965) but had no effect on a purified amine oxidase
(Zeigler & Petit, 1966). FEthylenediaminetetra-
acetate (EDTA), an inhibitor of lipid peroxidation
in rabbit microsomes (Jacobson, Levin & others,
1973), increases the microsomal N-oxidation of
imipramine (Gigon & Bickel, 1971). Cyanide is a
potent inhibitor of microsomal carbon-oxidation
systems (Mitoma, Posner & others, 1956; Creaven,
Parke & Williams, 1965) and binds to cytochrome
P-450 (Jefcoate, Gaylor & Calabrese, 1969) in
rabbit liver; also iodine under the same conditions
used herein destroys cytochrome P-450 (Imai &
Sato, 1967; Ullrich, 1969). Because these compounds
do not decrease the N-oxidation of Ia (Table 3),
cytochrome P-450 cannot be involved in the micro-
somal N-oxidation of Ila.

Nicotinamide is widely used in vitro in incubation
mixtures to inhibit the microsomal nucleotidase of
liver which destroys NADP (Mann & Quastel, 1941)
although it inhibits some microsomal carbon-
oxidation systems (Schenkman, Ball & Estabrook,
1967; Sasame & Gillette, 1970). Under the present
experimental conditions, addition of an excess of
nicotinamide (1 mM) to that present in the NADPH
generating system did not affect the N-oxidation
of Ia or modify the ratio of the metabolites Ic to
Ib. However, Cho & others (1974) reported an
increase of the amount of Ib following incubation
of Ia (in the presence of 167 mM of nicotinamide)
but, as recently reported, the concentration of
nicotinamide added is an important factor in deter-
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mining its effects on microsomal catalysed reactions
(Parli & Mannering, 1971). The N-oxidation of Ia
was inhibited slightly by 1,10-phenanthroline and
completely by 4-chloromercuribenzoic acid.

More significant was the effect of sodium cyanide,
sodium azide and EDTA on the ratio of the nitroso
(Ic) to the hydroxylamino (Ib) compounds
apparently greatly favouring the formation of Ib
from Ia. The interpretation is complicated because
separate incubation of Ic in the presence of the
above compounds led to an increase in the rate of
metabolic reduction of Ic to Ib. Catalase had only
a slight inhibitory effect on the microsomal N-
oxidation of Ia to Ib and Ic, thus precluding a role
for hydrogen peroxide as the endogeneous oxidant
of 1a.

In conclusion, the described properties of the
microsomal N-oxidation of the primary amine
phentermine (Ia) supported a recently proposed
mechanism (Beckett & Bélanger, 1974¢) explaining
the independent formation of o,x-dimethyl-o-
nitroso-B-phenylethane (Ic) and N-hydroxyphen-
termine (Ib) from a common precursor resulting
from metabolic N-oxidation attack of Ia. The
failure of some known microsomal carbon-oxidation
inhibitors to effect the in vitro N-oxidation of
phentermine (Ia) supports the conclusion that N-
oxidation and carbon-oxidation involve separate
metabolic pathways (Beckett, 1971) and that cyto-
chrome P-450 is not involved in the incorporation
of oxygen at the nitrogen centre.

REFERENCES

BeckerT, A. H. (1971). Xenobiotica, 1, 365-383.

BeckeTT. A. H. & AL-SARRAL S. (1972). J. Pharm Pharmac., 24, 174-176.
BeckeTT. A. H. & BELANGER, P. M. (1974a). Xenobiotica. 4, 509-519.
BeckeTT, A H. & BELANGER, P. M. (1974b). J. Pharm. Pharmac., 26, 205-206,
BECkETT, A. H. & BELANGER, P. M. (1974c). Ibid., 26, 558-560.

BeckeTT, A. H. & BELANGER, P. M. (1975). Ibid., 27, 928-936.

BELANGER, P. M. (1975). Ph.D. Thesis, University of London.

CHo, A. K. (1974). Res. Commun. Chem. Path. Pharmac., 7, 67-78.

CHo, A. K., LINDEKE, B. & HobpsHoN, B. J. (1972). Ibid., 4, 519-528.

CHo, A. K., LINDEKE, B. & Sum, C. Y. (1974). Drug Metab. Disposir., 2, 1-8.
CREAVEN, P. J., PARkE, D. V. & WiLLiams, R. T. (1965). Biochem. J., 96, 390-398.
GicoN, P. L. & BickeL, M. H. (1971). Biochem. Pharmac., 20, 1921-1931,

GILLETTE, J. R. (1963). Arzneimittel-Forsch., 6, 11-73.

GILLETTE, J. R., KaMM, J. J. & Sasame, H. A. (1968). Molec. Pharmac., 4, 541-548.

Imal Y. & SaTo, R. (1967). Eur. J. Biochem., 1, 419-426,

JacossoN, M., LEVIN, W,, Lu, A. Y. H., ConnNEY, A. H. & KuNTzMAN, R. K. (1973). Drug Metab. Disposit., 1,

766-771.

JercoATE, C. R. E., GAYLOR, J. L. & CALABRESE, R. L. (1969). Biochemistry, N.Y., 8, 3464-3472.
KADLUBAR, F. F., MckEE, E. M. & ZieGLER, D. M. (1973). Archs Biochem. Biophys., 156, 46~57.
KADLUBAR, F. F. & ZieGLER, D. M. (1974). Ibid., 162, 83-92.



The microsomal N-oxidation of phentermine 699

Lowry, O. H., RoseBrRoUGH, N. J., FARR, A. L. & RANDALL, R. J. (1951). J. biol. Chem., 193, 265-275.
MANN, P, J. G. & QuasteL, S. H. (1941). Biochem. J., 35, 502-517.

MITCHARD, M. (1971). Xenobiotica, 1, 469—481.

MiroMa, C., Posner, H. S., Reirz, H. C. & UDENFRIEND, S. (1956). Archs Biochem. Biophys., 61, 431-441.
OMURA, T. & SaTo, R. (1964). J. biol. Chem., 239, 2370-2378.

OrME-JoHNSON, W. H. & ZIEGLER, D. M. (1965). Biochem. Biophys. Res. Commun., 21, 78-82,

ParLi, C. J. & MANNERING, G. J. (1971). Biochem. Pharmac., 20, 2118-2121.

POIRIER, L. A. & WEISBURGER, J. H. (1974). Ibid., 23, 661-669.

PouLseN, L. L., KADLUBAR, F. F. & ZieGLER, D. M. (1974). Archs Biochem. Biophys., 164, 774-775.
Sasame, H. & GILLETTE, J. R. (1970). Biochem. Pharmac., 19, 1025-1041.

ScHENKMAN, J. B., BaLL, J. A. & EstaBrook, R. W. (1967). Ibid., 16, 1071-1081.

Symms, K. G. & JucHAU, M. R. (1974). Drug Metab. Disposit., 2, 194-201.

UEeHLEKE, H. (1963). Ndtirwissenschaften, 50, 335-340.

UEeHLEKE, H. (1973). Drug Metab. Disposit., 1, 299-313.

UeHLekg, H. & NEesteL, K. (1967). Naunyn-Schmiedebergs Arch. Pharmac., 257, 151-171.

ULLRICH, V. (1969). Hoppe-Seyler’s Z. physiol. Chem., 350, 357-365.

WEISCHER, M. L. & Opitz, K. (1967). Arzneimittel-Forsch., 17, 625-627.

ZEIGLER, D. M. & PeTiT, F. H. (1966). Biochemistry, N.Y., 5, 2932-2943,





