of a perturbation. Despite this limitation, the competitive indicator method
has onc notable feature that will often make it a valuable resource, namely,
it allows observations to be made of a substrate whose own properties do not
provide quantitative measures of complex formation; the indicator spectral
change is a surrogate property.
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Abstract O Four new meperidine metabolites were identified by GC-MS in
the urine of rats, guinea pigs, rabbits, cats, and dogs. In addition to known
meperidine metabolites, 4-ethoxycarbonyl-4-phenyl-1,2,3.4-tetrapyridine
(dchydronormeperidine; 1V, the N-hydroxydehydro derivative of normep-
eridine (X), the dihydroxy derivative of meperidine (X11), and the dihydroxy
derivative of normeperidine (XI11) were identified. The possible role of the
N-hydroxy derivative of normeperidine (1X) in the pharmacological inter-
action of meperidine (1) with MAO inhibitors, seen selectively in the rabbit
(and humans), is discussed. Following the administration of the p-hydroxy
derivative of meperidine (VII), the major metabolite was conjugated VII.
Trace amounts of the p-hydroxy derivative of normeperidine (VIII), the
methoxy hydroxy derivative of meperidine (X1I), XII, and XIII also were
detected as metabolites of VII. The degree of N-demethylation of V11, both
in vitro and in vivo, was small.

Keyphrases 0 Meperidine—TLC, GC-MS, identification of metabolites,
interaction with monoamine oxidase inhibitors O Monoamine oxidase in-
hibitors—metabolites of meperidine, TLC, GC-MS

Meperidine is extensively metabolized by humans and an-
imals. The major metabolites of meperidine identified in the
urine of rats, guinea pigs, dogs, and humans are normeperidine
and (l-methyl-4-phenyl-4-piperidine carboxylic) and (4-
phenyl-4-piperidine carboxylic) acids (1-12), while the minor
metabolites are the p-hydroxy derivative of meperidine (5),
the N-oxide of meperidine (5, 6), the methoxy hydroxy de-
rivative of meperidine (7), and the N-hydroxy derivative of
normeperidine (7). In the urinary excretion studies of mep-
eridine and its metabolites [normeperidine, and (1-methyl-
4-phenyl-4-piperidine carboxylic) and (4-phenyl-4-piperidine
carboxylic) acid], the amount of each excreted by the rabbit
was found to be low (16-53% of the administered dose) when
compared with other specics (13). Of this total, meperidine and
normeperidine accounted for only ~0.4 and 4-8.5%, respec-
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tively, of the administered dose. The remainder of the dose
excreted represented unidentified metabolites. Severe inter-
action between monoamine oxidase inhibitors (MAOI) and
meperidine have been observed in rabbits and humans, but
seldom observed in other species (14-16). The purpose of this
study was to identify new metabolites in rabbits and other
species which might contribute to the severe interaction of
meperidine and MAOI observed in the rabbit. The metabolism
of the p-hydroxy derivative of meperidine (VI1) was also in-
vestigated in a preliminary study in the rat in an attempt to
determine if VII is metabolized in vivo to VIII.

EXPERIMENTAL SECTION

Drugs—Meperidine hydrochloride!, normeperidine hydrochloride!, and
the p-hydroxy derivative of meperidine? (5) were obtained commercially. The
N-oxide of meperidine was synthesized as follows. Meperidine hydrochloride
(200 mg) was dissolved in 2 mL of water, basified with ammonium hydroxide,
and extracted with benzene. After removal of the solvent under reduced
pressure, the residue was dissolved in | mL of absolute ethanol, and 1 mL of
30% H,0, was added. The solution was heated in a water bath at 70°C for
2 h. At that time, TLC showed no starting material. The solution was trans-
ferred to a dish and evaporated to near dryness on a steam bath. The residue
was dissolved in isopropy! alcohol and transferred to a 15-mL centrifuge tube.
The solvent was removed under a stream of nitrogen, to give a white liquid.
Ether was added to the residue to give a white precipitate. The mixture was
refrigerated and centrifuged, and the liquid phasc was transferred to another
centrifuge tube. By repeating this treatment, two products were obtained:
ether-soluble material and a white precipitate. The solid material was re-
crystallized from absolute ethanol to yield 18 mg of white crystals, mp
173-175°C. The solid material showed a single spot on TLC (R, 0.37 and

! Sterling-Winthrop Co., Rensselaer, N.Y.
s 2‘};rofessor C. Lindberg, Biomedical Center, University of Uppsala, Uppsala,
weden.
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0.40) after development with the respective solvent systems as stated below.
Elemental analyses of the crystalline product showed: C, 58.18; H, 7.12; N,
4.90. The respective theoretical values for the derived N-oxide VI were: C,
68.44; H, 7.98;, N, 5.32.

The solvent was removed under a stream of nitrogen to give 95 mg of a white
oil. TLC of the oil on instant thin-layer chromatography (ITLC)? showed a
single spot {R,0.70, ethyl acctate-ammonium hydroxide (17:1) or R, 0.54,
benzene-~methanol-diethylamine (48:1:1)] and visualized by spraying with
iodoplatinate reagent. Treatment with 10% sodium bisulfite solution of both
the liquid and the crystalline materials gave meperidine as evidenced by TLC
Ry values.

GC-MS identification of VI was performed by solid probe or by injection
on a 0.9-m column packed with 3% OV-17 coated on 60/80-mesh Gas Chrom
Q after treatment with or without trimethylsilylimidazole in pyridine. The
MS of the aforementioned oil (solid probe) showed a molecular ion at m/z 264
(M + H), and ions at m/z 276 (M + CH3), m/z 292 (M + C,Hs), m/z 248
(M — 03), m/z 246 (M — H,0), and m/z 234, indicative of tlie N-oxide of
meperidine. The MS of the aforementioned solid material, mp 173-175°C
(solid probe) showed a molecular ion at m/z 246 (M + H), and ions at m/z
262 (M + CHa), m/z 274 (M + C,H5s), and m/z 232, indicative of 4-ethox-
ycarbonyl-1-methyl-4-phenyl-1,2,3,4-tctrahydropyridine, a thermal-dchy-
drated product of the N-oxide of meperidine. Landberg and Bogentoft (17)
have synthesized 4-ethoxycarbonyl-1-methyl-4-phenyl-1,2,3,4-tetrahydro-
pyridine, and compared its MS with that of VI. In addition, the MS of mep-
eridine, m/z 248 (M + H), m/z 264 (M + CH3), m/z 276 (M + C;H5), and
m/z 234, 218, and 149, were also observed. This appears to indicate that VI
underwent thermal decomposition and loss of an oxygen atom. Chromato-
grams of both the aforementioned oily and solid materials, treated with or
without trimethylsilylimidazole and injected on the column, showed two peaks.
The retention time and the MS of the major peak corresponded to meperidine.
The minor peak showed the MS of 4-cthoxycarbonyl-1-methyl-4-phenyl-
1,2,3,4-tetrahydropyridine. These observations confirmed the reports in the
literature (6, 7, 17). The IR of the oily VI showed strong bonds at 2970, 1710
(ester C=0), 1430, 1213 [N—O stretching as shown in 4-methylpyridine
N-oxide (18)], 1182, and 1130 cm™!. 'H-NMR (CDCl3)* of the oily VI
showed peaks at § 2.6, 4.6, 6.4, and 6.7 ppm. Mitchar et al. (6) reported that
the NMR spectrum of VI showed a characteristic downfield shift of the CH;
group from & 7.7 ppm of meperidine base o 6 6.4 ppm duc to the inductive
influence of the oxygen atom. Due 1o the limited amount of the material, a
boiling point was not measured. Phillipson ez al. (19) have investigated V-
oxide of morphine, codeine, and thebainc and observed that each alkaloid
forms two N-oxides, which have been separated and characterized by NMR
and MS and reduced to the parent alkaloid.

The N-hydroxy derivative of normeperidine (IX) was synthesized by oxi-
dation of normeperidine with m-chloroperbenzoic acid (7, 20). TLC of the
product [benzene-methanol-diethylamine (48:1:1), visualized by spraying
with iodoplatinate or ammoniacal silver nitrate reagent] showed two spots,
one with an Ry value (cqual to 0.24) corresponding to that of authentic nor-
meperidine. The other spot (R, 0.44), a black spot after spraying with am-
moniacal silver nitrate, was due to the N-hydroxy derivative of normeperidine.
Chromatography of the product, treated with trimethylsilylimidazole and
injected on a 0.9-m column packed with 3% OV-17 coated on 60/80-mesh
Gas Chrom Q and column temperature programmed from 160°C to 250°C
at 10°C min, showed two major peaks with several minor peaks. One of the
major peaks had a retention time and MS corresponding to that of authentic
normeperidine. The other major peak (Ry 4.5) had a molccular ion at n/z 322
(M + H), with ions at m/z 350 (M + C,Hs), m/z 306 (M — CH3), m/z 232
[M = (CH3)3SiOH], and m/z 214, indicative of 1X (7). Attempts to purify
the IX failed. The crude product was used qualitatively to identify IX in the
biological fluids.

Animal Experiments—Collection of urine samples from rats, guinea pigs,
rabbits, dogs, and cats administered meperidine (20-35 mg/kg) has been
described (13). The p-hydroxy derivative of meperidine (40 mg/kg sc) was
administered to one rat (250 g), and urine was collected from a stainless steel
metabolism cage for 24 h. All urine was frozen until drug analysis.

Extraction of Meperidine, the p-Hydroxy Derivative of Meperidine, and
Their Metabolitess—Meperidine, V11, and their metabolites were extracted
from urine according to described procedures (20). On evaporation of the
extract to dryness, the residues were used for TLC and GC-MS studies. For
GC-MS studies, the residue was derivatized with trimethylsilylimidazole in
pyridine’ according to the procedure described previously (21).

Hydrolysis of Conjugated Meperidine Metabolites— Aliquots (0.5-2 mL)

of urine samples were adjusted to pH 6 with acetic acid, buffered with 0.5 mL
of 0.5 M sodium acetate buffer at pH 4.8, and incubated with 50 uL a solution
of 9725 U of S8-glucuronidase-4210 U of sulfatases at 37°C for 18-20 h. After
incubation, the solution was adjusted to pH 9- 10 with sodium hydroxide so-
lution, buffered with 0.1 mL of concentrated ammonium hydroxide, and ex-
tracted with cther as described previously (20).

Thin-Layer Chromatography—TLC identification of meperidine and its
metabolites was by silica gel pre-coated TLC plates’. The chromatograms
were developed with benzene-methanol-diethylamine (48:1:1) and visualized
by spraying with ammoniacal silver nitrate solution for detection of IX or
developed with ethy! acetate-methanol-ammonium hydroxide (17:2:1) and
sprayed with iodoplatinate reagent for detection of I, 11, VII, and V1 (20).

Gas Chromatography—Mass Spectrometry—Chemical-ionization MS data
were obtained from a gas chromatograph-mass spectrometer® equipped with
an interactive data system®. The GC column consisted of 2 91 cm X 2 mm glass
column packed with 3% OV-17 coated on 80/100-mesh Gas Chrom Q. The
temperature of the injector and ion source were 160°C and 100°C, respec-
tively. Two tempetature programs were employed: hold at 150°C for 3.33 min,
followed by programming to 250°C at 6°C/min (referred to as column A)
and program from 160°C to 250°C at 10°C/min (referred to as column B).
Methane, with a flow rate giving an ion chamber pressure of ~1000 um, was
used as the carrier gas as well as the chemical-ionization reagent gas in the
ion source. Other specifications of the MS were described elsewhere (21).

Drug and metabolites were identified by comparison of spectra with au-
thentic standards. Other metabolites (Scheme 1) were tentatively assigned
structures based on MS.

RESULTS AND DISCUSSION

Thin-Layer Chromatographic Identification of Meperidine Metabolites—
The limit of detection of I, 11, VI, V]I, and IX by TLC was ~10-25
ug/sample. In general, meperidine was found in the urinary extracts of all
species studied, except the rabbit. Normeperidine was found in the urine of
the rat and guinea pig, but not in the urine of the rabbit, cat, and dog. Me-
tabolites VI and VII were not observed by TLC analysis.

TLC of extracts of rdbbit urine visualized with ammoniacal silver nitrate
solution showed two black spots with R, values of 0.50 and 0.44, whereas that
of a dog showed one black spot, Ry 0.50. The spot at R, 0.50 corresponds to
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Scheme 1—Metabolic pathways of meperidine.

3 Gelmen Instrument Co., Ann Arbor, Mich.

4 The author thanks Mr. William F. Rencher, Jr., College of Pharmacy, University
of Kentucky, for the excelient IR and NMR spectra.
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Table I—TLC Identification of Meperidine Metabolites in the Urine of
Several Species *

Compounds Ry

I 0.78

11 0.33

V1 0.03

VII 0.17

IX 0.50

Extracts from urine

Rat 0.78,0.33
Guinea pig 0.78, 0.33
Rabbit 0.50, 0.44

Cat 0.78
Dog 0.78, 0.50

2 Quantum Industrics, Fairfield, N.J. Chromatogram was developed with benzene-
zr;c_]lgan)ol-dlclhylamine (48:1:1), or ethyl acetate-methanol-ammonium hydroxide
2:0).

that of authentic IX. The other spot was possibly due to X (detailed in the
GC-MS identification). Metabolite IX was not seen in the TLC analysis of
the urine of the rat, guinea pig, and cat (Table I).

Gas Chromatographic-Mass Spectrometric Identification of Meperidine
Metabolites—Chemical-ionization GC-MS characteristics of peaks observed
in the urinary extracts are compared with known standards, and previously
unidentified peaks were assigned to new metabolites (Table 11). Meperidine
metabolites, the number of times the metabolite was identified, and the
number of urine samples examined are listed in Table II1.

Identification of Metabolites of Meperidine—Meperidine (1) and metab-
olites [i.e., Il, VI (detected as its thermal decomposition product, 4-ethoxy-
carbonyl-1-methyl-4-phenyl-1,2,3,4-tetrahydropyridine), 1X, and VII (as
the trimethylsilyl derivatives)] were identified in urine samples by comparison
of retention times and spectra with authentic materials. The N-hydroxy me-
tabalite of normeperidine was detected in urine samples only after enzymatic
hydrolysis, suggesting that this material is excreted only in the conjugated

form. In addition to the known metabolites, some new metabolites of meper-
idine were tentatively identified.

4-Ethoxycarbonyl-4-phenyl-1,2,3,4-tetrahydropyridine (Dehydronor-
meperidine) (IV)—This metabolite appeared at 3.75 min in the chromato-
gram of the extract of rabbit urine. The MS of the metabolite contains a
pseudomolecular ion at m/z 232 (M + H) and ions at m/z 260 (M + C,Hs),
m/z 186 (232 — C,HsOH), and m/z 158 (232 — C,HsOH — CO). Also, the
retention time of this metabolite bears the same relationship to normeperidine
as does dehydromeperidine to meperidine. This metabolite was detected in
all urine samples except those of the female rat, cat, and guinea pig (Table
111). Based on the structure of the N-hydroxy derivative of normeperidine,
the olefinic bond of dehydronormeperidine was arbitrarily assigned to positions
2and 3.

Formation of dehydronormeperidine in vivo could occur either through the
dehydration of the N-hydroxy derivative of normeperidine, observed to be
a major metabolite in the urine of the rabbit, or by dehydration of the 2-
hydroxy or 3-hydroxy derivatives of normeperidine. /n vivo formation of the
latter metabolites is plausible since analogues of these metabolites [the 2-
hydroxy-N-nitro derivative of piperidine, a metabolite of the N-nitro derivative
of piperidine (22) and the 3-hydroxy and 4-hydroxy derivatives of piperidine,
major metabolites of piperidine in the rat (23)] have been reported. Formation
of dehydronormeperidine by dehydration of the N-hydroxy derivative of
normeperidine during GC-MS was considered possible; however, this was
ruled out since the N-hydroxy derivative of dehydronormeperidine also has
been observed in the urine (see below). If dehydronormeperidine is formed
by dehydration of the N-hydroxy derivative of normeperidine, then the N-
hydroxy derivative of dehydronormeperidine should not be detected.

N-Hydroxy Derivative of Dehydronormeperidine (X)—In the GC-MS
analysis of rabbit urine, this metabolite (as the trimethylsilyl derivative) ap-
peared at 5.2 min (Fig. 1). The MS of the metabolite shows a molecular ion
at m/z 320 with abundant ions at m/z 348 (M + C,H;), m/z 304 (M — CH3),
myz 246 (320 — C;HsOH — CO), m/z 230 [320 — (CH;)3SiOH]}, m/z 202
(230 — C,Hy), and m/z 156 [246 — (CH3)3;SiOH]. This metabolite was not
detected in the urine without enzymatic hydrolysis, suggesting that the me-
tabolite exists only in the conjugated form. Formation of the N-hydroxy de-

Table II—Chemical Ionization GC-MS Characteristics of Peaks Observed in the Urinary Extracts

Retention
Time (R,), min® lons, m/z*
Column Column Molecular Fragment
Compound A B (m+ H)* (m + C;Hs)*F (m — CH3)* Others
I 20 1.1 248(100) 276(15) 174(10)
Vie 28 1.6 246(100) 274(15) 172(80)
11 32 1.9 234(100) 262(15) 218(30) 160(10)
Iv 38 2.1 232(100) 260(18) 158(45)
IX 48 2.5 322(80) 350(15) 306(70) 232(100), 158(25)
X 5.2 3.1 320(100) 348(10) 304(20) 246(35), 202(30), 156(15)
VII 7.7 38 336(100) 364(18) 304(25) 262(5)
vili 8.5 4.5 322(100) 350(18) 306(20) 248(4),212(15)
X1 48 424(70) 452(3) 408(60)
X111 49 410(85) 438(15) 394(100)4 320(80)
Xl 49 366(95) 394(100)4 350(40)

¢ Column A temperature was held at 150°C for 3.33 min and then raised to 250°C at 6°C/min. Column B was programmed from 160°C to 250°C at lO°C<min. b Relative intensity

is in parentheses. ¢ This compound was thermally decomposed through GC-MS to form 4-ethoxycarbonyl-1-methyl-4-phenyl-1,2,3,4-tetrahydropyridine (17

appeared to be the sum of two metabolites.

. 4 The relative intensity

Table III—Meperidine Metabolites Identified in the Urine of Several Species by GC-MS

Metabolites

Species 1 TV VI X X VIT VITT — X1 XIT XTI
Rat

Male 5/59 2/5 4/5 5/5 2/5 5/5 5/5 2/3 2/3 0/3

Female 5/5 0/5 2/5 5/5 0/5 5/5 5/5 3/5 1/5 0/5
Guinea pig

Male 5/5 2/3 5/5 5/5 3/S 2/3 2/3 0/3 0/3 0/3

Female 4/4 0/4 3/4 3/4 2/4 1/4 —b — — —
Rabbit

Male 2/2 2/2 0/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2
c Female 2/2 2/2 0/2 2/2 2/2 2/2 2/2 — — —

at

Male 2/2 2/2 2/2 0/2 0/2 2/2 0/2 0/2 0/2 0/2

Female 2/2 0/2 2/2 0/2 0/2 1/2 1/2 0/2 0/2 0/2

og

Male 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 0/1 0/1

Female 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 0/1 0/1

2 Number of times the metabolite was detected/number of urine samples examined. # Not examined.
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Figure 1—GC-MS analysis of the extract of enzymatic hydrolyzed urine of
a rabbit administered meperidine. The chromatogram was obtained using
column A (see Table I1). Key: (1) 1;(2) VI (3) 11;(4) 1V; (5} IX; (6) XV; (7)
VilI.

rivative of dehydronormeperidine may be through N-hydroxylation of dehy-
dronormeperidine.

p-Hydroxy Derivative of Normeperidine (VIII)—This metabolite (as the
trimethylsily] derivative) has the same molecular ion as the trimethylsilyl
derivative of the N-hydroxy derivative of normeperidine, but the mass spectral
characteristics and retention time (R, = 4.5 min) are different. The MS of
this peak showed a molecular ion at m/z 322 (M + H) and ions at m/z 350
(M + C;Hjs), m/z 306 (M — CH3), m/z 248 (322 — C;HsOH ~ CO), and
my/z 212. Since the retention time of this material is longer than that of the
p-hydroxy derivative of meperidine, and p-hydroxylation of aromatic rings
is a predominant metabolic pathway for this type of compound, it is reasonable
to assume that this material is VIII. It is reasonable to assume that the hy-
droxyl group is in the para position based on the isolation of the p-hydroxy
derivative of meperidine from urine (5).

The in vitro synthesis of VIII for use as a standard was attempted by in-
cubating VII with rat liver homogenate and the NADPH-generating system
used for V-demethylation of meperidine (24). After incubation, the medium
was pooled, adjusted to pH 10 with sodium hydroxide solution, buffered with
1 mL of 40% K2HPOj, solution, and extracted. The extracted residue was
dissolved in methanol and chromatographed on TLC. No spots other than
those of VII and NADP were observed.

Biosynthesis of VIII has also been attempted without success by adminis-
tration of VII to a rat. An aliquot of the urine of rat administered VII was
hydrolyzed with 8-glucuronidase-sulfatase® and extracted. The residue was
derivatized with trimethylsilylimidazole and analyzed by GC-MS. No peak
corresponding to V111 was observed.

Dihydroxy Derivative of Meperidine (X11)—The integrated total-ion-
current chromatogram obtained by column B was scanned for n1/z 424 the
molecular ion of XII (as the trimethylsilyl derivative). A peak was localized
at retention time 4.8 min (Fig. 2). The MS of this peak represents a mixture
of at least two, probably three compounds, including XII and VIII both as
the trimethylsilyl derivatives. The MS showed a molecular ion at m/z 424 (M
+ H) and ions at m/z 452 (M + C2Hs) and m/z 408 (M — CH3), which were
tentatively identified as X1I as the trimethylsilyl derivative. The formation
of XII could result from oxide formation and hydroxylation of both the aro-
matic and piperidyl rings of the meperidine molecule. Based on the MS, it is
difficult to assign positions to the hydroxyl groups in X1I; however, in vitro
hydroxylation of other opiates and phenolic compounds leads to meta-para
hydroxylation (25). The MS showed a molecular ion at m/z 322 (M + H) and
ions at m/z 350 (M + C;Hs) and m/z 306 (M ~ CH3), identified as VIII as
the trimethylsilyl derivative. The MS also showed a molecular ion at m/z 234
(M + H) and ions at m/z 262 (M + C3Hs) and m/z 248 (M — CH3), which
appear to be from normeperidine.
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Figure 2—GC-MS analysis of the extract of enzymatic hydrolyzed urine of
a rabbit administered meperidine. The chromatogram was obtained using
column B (see Table I1}. Key: (1-7) as in Fig. I legend, (8) VIII; (9) X1, (10}
X1 and XI11.
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Figure 3—GC-MS analysis of the extract of enzymatic hydrolyzed urine

samples of animals administered meperidine, obtained using column A. The
peaks are as listed in Fig. 1.

Dihydroxy Derivative of Normeperidine (XII1) and Methoxy Hydroxy
Derivative of Meperidine (XI)—The integrated total-ion-current chro-
matogram was scanned for m/z 410, indicative of XIII as the trimethylsilyl
derivative. A peak with retention time at 5.0 min was located which overlapped
another metabolite. One is due to X111 as the trimethylsilyl derivative, which
has molecular ion at m/z 410 (M + H) and ions at m/z 438 (M + C;Hs) and
m/z 320 [410 — (CH3)3SiOH]. The other is due to XI as the trimethylsilyl
derivative, which has molecular ion at m/z 366 (M + H) and ions at m/z 394
(M + C;Hs) and m/z 350 (M — CH3).

Formation of XI could result from hydroxylation to form a catechol, fol-
lowed by methylation with catechol methyltransferase. Evidence for this
metabolic pathway has been demonstrated in virro for opiates and other
phenolic compounds (25) and in vivo for naltrexone (26, 27).

Although the position of the hydroxyl and methoxy groups could not be
assigned based on the MS, a reasonable assignment could be made based on
the structure of the methoxy hydroxy derivative of naltrexone (isolated from
urine), whose structure is secure (26). Therefore, it is reasonable to assign the
structure for XI as illustrated in Scheme L.

Based on the ratio of meperidine to its metabolites observed in the total-ion-
current chromatogram, it appears that 1X was a major metabolite in the rabbit,
while normeperidine was found in minor amounts (Fig. 1). On the other hand,
normeperidine was found to be a major metabolite in the other species studied,
while IX was minor (Fig. 3). As mentioned previously, severe interaction
between MAOI and meperidine has been observed in humans and rabbits,
but has seldom been observed in other species. The role of IX in the interaction
between MAOI and meperidine observed in rabbits is not well understood.

Other major metabolites of meperidine, the corresponding free and con-
jugated carboxylic acids of V and 111 (4, 13), are not extracted by the assay
used here.

Identification of Metabolites of the p-Hydroxy Derivative of Meperidine
in the Urine of the Rat—The integrated total-ion-current chromatogram and
MS of the extract (as the trimethylsilyl derivative) of an enzymatically hy-
drolyzed urine sample of a rat administered VII are shown in Fig. 4. The
chromatogram showed a major peak and several small peaks. The retention
time and MS of the major peak correspond to that of VII as the trimethylsilyl
derivative. Minor metabolites of VII were also identified.

p-Hydroxy and Dihydroxy Derivatives of Normeperidine—The peak with
retention time at 4.7 min was apparently due to a mixture of the p-hydroxy
and dihydroxy derivatives of normeperidine, both as the trimethylsilyl de-
rivatives (Fig. 4). The MS with a molecular ion at m/z 322 (M + H) and ions
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Figure 4—GC-MS analysis of the extract of enzymatic hydrolyzed urine of
a rat administered VII, obtained using column A. The peaks were identified
as VI, VIII and X111, and XI and X11.



at m/z 350 (M + C;Hjs), m/z 306 (M — CHa), m/z 276 (322 — C;HsOH),
and m/z 248 (322 ~ C,HsOH — CO) was attributed to VIII as the trimeth-
ylsilyl derivative. The MS with a molecular ion at m/z 410 (M + H) and ions
at m/z 438 (M + C,Hs) and m/z 394 (M — CH;) was attributed to X111 as
the trimethylsilyl derivative. The concentration of XIIT was low but detectable.
Formation of VIII was apparently through N-demethylation of VIl. Com-
pound X111 appears to be formed in vivo. by hydroxylation of VIII.

Methoxy Hydroxy and Dihydroxy Derivatives of Meperidine -The pcak
with retention time at 5.0 min was apparently duc to a mixturc of XI and XII,
both as the trimethylsilyl derivatives (Fig. 4). The MS with a molecular ion
atmy/z 366 (M + H) and ions at m/z 394 (M + C,Hs), m/z 350 (M — CH,;),
and mfz 292 (366 — C;HsOH — CO) was attributed to X1 as the trimethylsilyl
derivative. The MS with a molecular ion at m/z 424 (M + H), and ions at m/z
452 (M + C;H5) and m/z 408 (M — CH3) was attributed to X1 as the tri-
methylsilyl derivative. Formation of XI1 and X1 in vivo apparently occurs first
by hydroxylation of VII and then by methylation of one of the hydroxyl groups.
Evidence for this metabolic pathway has been mentioned above (26, 27).

Metabolites X1, VII1, X1II, and X1 were not detected in the urine of rats
administered either meperidine or VII without enzymatic hydrolysis,
suggesting that these metabolites exist only in the conjugated form. The peak
with retention time at 1.0 min has a MS with a molecular ion at m/z 306 (M
+ H) and ions at m/z 334 (M + C3Hs) m/z 290 (M — CH3), and m/z 232
(306 — C3HsOH — CO). The peak with retention time at 8 min showed a
molecular ion at m/z 364 (M + H) and ions at m/z 392 (M + C,Hs) and m/z
348 (M — CH;). Peaks at 1.9, 3.6, 5.8, and 7.7 min were also observed in the
extract of the control urine, indicating that these are due to natural urinary
products and from the enzyme source.

N-Demethylation is a major metabolic pathway for biotransformation of
meperidine, but plays only a minor role on the metabolism of VII. This is
probably due to the fact that VII has a phenolic group available for conjuga-
tion. Conjugation has been shown to be a major metabolic pathway for com-
pounds having both /V-methyl tertiary amine and phenolic groups, such as
morphine (28). In addition, N-demethylation of a compound depends on its
lipid solubility, N-demethylation taking place to a greater degree with more
lipid-soluble compounds (29). That the p-hydroxy derivative of meperidine
(VII), a more polar compound than meperidine, would yield less of VIII than
meperidine would yield normeperidine is understandable.
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