be increased and buffered as desired without any significant change
in the volume of the medium. The method may serve as a highly au-
tomated alternative to the rotating-bottle method described in the
official compendia. It offers the following advantages:

1. The operation of the system is very simple, and the system
permits variation of conditions as required by the assay method.

2. While the system is basically designed to test the pH dependence
of the dissolution rate of solid dosage forms, it may be easily adapted
for determining the influence of other factors. Its flexibility may be
particularly useful if in vitro simulation of in vivo bioavailability data
is desired.
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Isolation of 10,11-Epoxide of Protriptyline in Rat
Urine after Protriptyline Administration

V. ROVEIL, G. BELVEDERE, C. PANTAROTTOQ, and

A. FRIGERIO *

Abstract 0O The 10,11-epoxide, 10-hydroxy, and 10,11-dihydrodiol
metabolites of protriptyline were identified in rat urine collected
after the administration of 40 mg/kg ip of protriptyline. Mass
spectrometric characterization confirmed the structure of these
metabolites.

Keyphrases [0 Protriptyline—three metabolites isolated from rat
urine, characterized by TLC, GLC, and GL.C-mass spectrometry 01
Metabolites—protriptyline, isolated from rat urine, characterized
by TLC, GLC, and GLC-mass spectrometry O Antidepressant
agents—protriptyline, three metabolites isolated from rat urine,
characterized by TLC, GLC, and GLC-mass spectrometry

Epoxides are intermediates in the biological con-
version of the aromatic ring system into the corre-
sponding dihydrodiols (1). However, the instability of
these metabolites has made their isolation and direct
identification in biological fluids difficult.

The isolation from rat urine of the 10,11-epoxide of
carbamazepine (2) after administration of carbamaz-
epine, a drug with tricyclic structure, prompted a sys-
tematic investigation on the metabolism of other
drugs with the same tricyclic structure. During this
study, 10,11-epoxides and N-desmethyl metabolites

810 / Journal of Pharmaceutical Sciences

of cyproheptadine (3) and cyclobenzaprine (4) were
identified.

This report summarizes findings on the metabo-
lism of protriptyline (N-methyl-5H-dibenzo[a,d]cy-
cloheptene-5-propylamine) (I), a drug possessing an-
tidepressant activity (5). The 10,11-epoxide, 10,11-
dihydrodiol, and 10-hydroxy metabolites of pro-
triptyline were isolated and characterized by means
of TLC, GLC, and GLC-mass spectrometry in rat
urine after protriptyline administration.

EXPERIMENTAL

Biological Samples—Two male Sprague-Dawley rats, 200 g,
were injected with 40 mg/kg ip of protriptyline hydrochloride! dis-
solved in saline. Following drug administration, urine samples
were collected at various times over 48 hr and kept frozen until
analyses were performed.

After addition of drug to untreated rat urine and incubation at
37° for 48 hr, no degradation of the product occurred.

Treatment of Biological Samples—Urine samples (20 ml)

! Donated by Merck Sharp and Dohme, Rahway, N.J.
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rats treated with protriptyline after flash methylation with trimethylanilinium hydroxide.
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Figure 2—Mass spectrum of authentic protriptyline (I). A similar mass spectrum was obtained by introducing the corresponding eluted

TLC spot by a direct inlet system or GLC procedure.

were adjusted to pH 9 with 1 N NaOH and extracted twice with
ethyl acetate (20 ml).

The organic phase was concentrated to dryness under reduced
pressure. After the addition of 0.2 ml of methanol, the material ob-
tained was used for TL.C, GLC, and mass spectral analysis.

Incubation with B-Glucuronidase—After extraction of free
metabolites, the urine samples were incubated with §-glucuroni-
daseZ. Then 0.5 ml of the enzyme was added to 10 ml of urine, ad-
justed at pH 4.5 with acetate buffer (1 M), and the samples were
incubated at 37° for 12 hr. The incubate was extracted twice with
ethyl acetate (10 ml), evaporated to dryness, and analyzed by the
described techniques.

General Procedures—Thin-layer chromatograms were pre-
pared on 5 X 20-cm glass plates precoated with silica gel F-2543
and developed at room temperature with n-hexane-diethylamine
(50:50 v/v). Protriptyline and the possible metabolites were visual-
ized with UV light at 254 and 361 nm (Table I).

GLC analyses were performed on a gas chromatograph*

2 Boehringer.
3 Merck.
4 Carlo Erba Fractovap Gl.

Table I—R/ Values of Protriptyline and Its Metabolites on
Thin-Layer Chromatograma

Ry in Solvent

Compound System?
Protriptyline (I) 0.47
Metabolite II 0.36
Metabolite III 0.08
Metabolite IV 0.28

aSilica gel F-254 (0.25 mm). &n-Hexane—dicthylamine (50:50
viv).

equipped with a flame-ionization detector. The chromatographic
column consisted of glass tubing (2 m long and 4 mm i.d.) packed
with 100-120-mesh Gas Chrom Q and coated with 3% QOV-175. The
operating conditions were: injection port temperature, 300°; oven
temperature, 290°; nitrogen (carrier gas) flow rate, 30 ml/min; hy-
drogen flow rate, 20 ml/min; and air flow rate, 300 ml/min.

5 Applied Science Laboratories.
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(top panel) and after on-column reaction with n-butylboronic acid (bottom panel).

A gas chromatograph-mass spectrometer® was used at the fol-
lowing conditions: energy of ionization beam, 70 ev; ion source
temperature, 290°; and trap current, 60 pamp. Sample introduc-
tion was carried out by a direct inlet system at a probe tempera-
ture of 150° or by a GL.C procedure utilizing a glass column (2 m
long and 4 mm i.d.) packed with 3% OV-17 on 100-120-mesh Gas
Chrom Q. The following conditions were used: injector tempera-
ture, 300°; oven temperature, 290°; and helium (carrier gas) flow
rate, 30 ml/min.

RESULTS AND DISCUSSION

The ethyl acetate extract, obtained from 20 ml of rat urine, was
concentrated to dryness, redissolved in 200 ul of methanol, spotted
on a TLC plate, and developed with the described solvent system.
The urine extracts of rats treated with the drug contained four
spots, not present in the urine of control rats, with the Ry reported
in Table I.

TLC of the extracts of the urine after incubation with §-glucu-
ronidase showed two spots, with Ry 0.08 and 0.28, not present in
the control urine extracts. The GLC analysis showed four peaks in
the treated urine sample (Fig. 1).

Identification of the unchanged I (spot with Ry 0.47 and first
GLC peak) was carried out by comparison with the mass spectrum
of the standard drug (Fig. 2). The molecular ion is at m/e 263, and
the peak at m/e 191 is characteristic of the tricyclic structure. The
peak at m/e 44 and 70 (base peak) were due to the aliphatic chain
cleavage.

The second GLC peak, corresponding to the spot with Ry 0.36,
was identified as the 10,11-epoxide (II) of protriptyline (Fig. 3).
The mass spectrum presented a molecular ion at m/e 279, which
suggested the introduction of an oxygen atom into the drug mole-
cule. The failure of this substance to react with trimethylanilinium
hydroxide and the loss of 29 amu (CHO) from the molecular ion
(Scheme I) to give an intense peak at m/e 250 suggested the pres-
ence of an epoxidic structure.

After isolation of II on TLC and treatment with 1 N HCl, it was
possible to obtain a product with Ry 0.28. The spot was eluted with
methanol. The material, analyzed by direct introduction into the

6 LKB model 9000.

ion source of the mass spectrometer, showed a spectrum corre-

sponding to the 10,11-dihydrodiol (IV) of protriptyline (Fig. 4).
This spot was also analyzed by GLC-mass spectrometry after

on-column reaction with n-butylboronic acid (Scheme II). A com-

H* (H,0)
—_——
mol. wt. 279 TH CH
31
CHz—-CH._,——CHZ—N<
H
HO OH
OH
(‘,H\,—B<
QL 1O =
———ee
mol. wt. 297 (IZH CH
3
CH:—-CHZ—CHZ—N<
H
C|qu
B
/\
00
mol. wt. 363 CH
/CH,K

CHZ—CHZ—CHZ—N\
H
Scheme II—Reaction of the 10,11-dihydrodiol metabolite (ob-

tained from the 10,11-epoxide of protriptyline) with n-butylboro-
nic acid.
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pound was obtained with the molecular ion at m/e 363, corre-
sponding to the n-butylboronate of the diol (Fig. 4). Furthermore,
the TLC, GLC, and mass spectral properties of the diol were com-
pared to those of a synthetic sample of the 10,11-dihydrodiol of
protriptyline’.

The second metabolite (third GLC peak) presented a spot at Ry
0.08 and was identified as the 10-hydroxy (III) metabolite pre-
viously detected (6).

The mass spectrum (Fig. 2) showed a molecular ion at m/e 279
and a very intense peak at m/e 207, suggesting the introduction of
an oxygen atom into the tricyclic part of the molecule during the
biotransformation. In this case, however, the GLC analysis, after
methylation of the substance with trimethylanilinium hydroxide,
revealed a shift of the GLC peak (Fig. 1C). The mass spectrum
showed a corresponding shift of the molecular ion of 14 amu-
(methylation), proving the presence of a hydroxylated metabolite.

The last metabolite, the 10,11-dihydrodiol, previously identified
by Sisenwine et al. (6), had an Ry 0.28 value and was the fourth
GLC peak. The mass spectrum showed the molecular ion at m/e
297. The most important ions were at m/e 280 (—17 amu from the
peak at m/e 297) and 179, arising from the ion at m/e 207 by loss
of ethylene (the presence of a metastable ion confirmed this transi-
tion).

The study of fragmentation (Scheme III), the reaction of deriva-
tization with n-butylboronic acid, as described here, and the com-
parison with the synthetic product established the structure of this
metabolite.

A possible, but not proven, metabolic pathway of protriptyline is
reported in Scheme IV. The drug may be transformed into the 10-
hydroxy or 10,11-epoxide metabolite, which is metabolized to the

7 Donated by Italseber, Milan, Italy.

10,11-dihydrodiol. Both the mono- and dihydroxylated metabo-
lites are also present in rat urines as glucuronides.

These findings are in agreement with the generally accepted hy-
pothesis that epoxides represent the intermediates of aromatic and
nonaromatic diols (7). In this investigation, the epoxide formed
from protriptyline appears to be a stable metabolite, which could
be isolated from and identified in urine.

REFERENCES

(1) E. Boyland, Biochem. Soc. Symp., 5, 40(1950).

(2) A.Frigerio, R. Fanelli, P. Biandrate, G. Passerini, P. L. Mor-
selli, and S. Garattini, J. Pharm. Sci., 61, 1144(1972).

(3) A. Frigerio, N. Sossi, G. Belvedere, C. Pantarotto, and S.
Garattini, ibid., 63, 1536(1974).

(4) G. Belvedere, C. Pantarotto, V. Rovei, and A. Frigerio, ibid.,
65, 815(1976).

(5) A.J.Ayd, Jr., Lippincott’s Med. Sci., 1968, 54.

(6) S.F. Sisenwine, C. O. Tio, S. R. Shrader, and H. W. Ruelius,
J. Pharmacol. Exp. Ther., 175, 51(1970).

(7) M. G. Horning, D. J. Harvey, E. C. Horning, and R. M. Hill,
in “Proceedings of the International Symposium on Gas Chroma-
tography-Mass Spectrometry,” A. Frigerio, Ed., Isle of Elba, Italy,
1972, p. 403.

ACKNOWLEDGMENTS AND ADDRESSES

Received March 31, 1975, from the Istituto di Ricerche Far-
macologiche “Mario Negri,” Via Eritrea 62, 20157 Milan, Italy.

Accepted for publication July 23, 1975.

The authors thank Dr. M. Zanol for technical assistance.

* T'o whom inquiries should be directed.

Identification of 10,11-Epoxide and Other
Cyclobenzaprine Metabolites Isolated from Rat Urine

G. BELVEDERE, C. PANTAROTTO, V. ROVEI, and

A. FRIGERIO *

Abstract O Cyclobenzaprine (40 mg/kg ip) was administered to
rats, and six urinary metabolites of this drug were identified. They
were the 10,11-epoxide, the N-oxide, the desmethyl derivative, the
hydroxylated and desmethylhydroxylated compounds, and the N-
oxide hydroxylated at the 10- or 11-position. Mass spectrometric
analysis confirmed their structures.

Keyphrases [0 Cyclobenzaprine metabolites—six isolated from rat
urine, TLC, GLC, and mass spectral identification O Metabolites,
cyclobenzaprine—six isolated from rat urine, TLC, GL.C, and mass
spectral identification D Sedatives—cyclobenzaprine, six metabolites
isolated from rat urine, TLC, GLC, and mass spectral identification

Previous studies in this laboratory established that
tricyclic compounds such as carbamazepine (1),
cyproheptadine (2), and protriptyline (3) can be
transformed into stable epoxides in the 10,11-position
and isolated from human and rat urine. This investi-
gation was concerned with another compound with
antidepressant activity and possessing a tricyclic

structure, cyclobenzaprine (N,N-dimethyl-5H -diben-
zo[a,d]cycloheptene-A%Y-propylamine) (I) (4).

Six metabolites were identified by using TLC, GLC,
and mass spectrometric techniques. They were the
10,11-epoxide (V), the N-oxide (II), the desmethyl de-
rivative (III), the hydroxylated (VI) and desmeth-
ylhydroxylated (VII) compounds, and the N-oxide
hydroxylated (IV) at the 10- or 11-position.

EXPERIMENTAL

Biological Samples—Two male Sprague-Dawley rats, 200 g, were
injected intraperitoneally with 40 mg/kg of cyclobenzaprine hydro-
chloride! dissolved in 0.9% NaCl. Urine was collected at various times
over 48 hr following drug administration and frozen until analysis.

The drug, added to untreated rat urine and analyzed after 48 hr,
did not show formation of any degradation products.

! Donated by Merck Sharp and Dohme, Rahway, N.J.
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