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ABSTRACT

The in vivo metabolism of an antiallergic agent, azelastine, (4-(p-chlorobenzyl)-2-[N-
methylperhydroazepinyl-(4)]-1-(2H)-phthalazinone hydrochloride) was examined follow-
ing oral administration to rats and guinea pigs. As a result, it was found that the
drug was metabolized to 4-(p-chlorobenzyl)-2-[N-methyl-7-oxo-perhydroazepinyl-(4)]-
1-(2H)-phthalazinone, 6-hydroxy-4-(p-chlorobenzyl)-2-[N-methylperhydroazepinyl-(4)]-
1-(2H)-phthalazinone (6-hydroxyazelastine), 7-hydroxy-4-(p-chlorobenzyl)-2-[N-methyl-
perhydroazepinyl-(4)]-1-(2H)~-phthalazinone and 4-(p-chlorobenzyl)-2-[perhydroazepinyl-
(4)]-1-(2H)-phthalazinone (desmethylazelastine) in these animal bodies. A part of the
hydroxy derivatives of the drug was excreted into urine as their glucuronides. In
addition, the incubation of azelastine with rat liver microsomes resulted in the formation
of 6-hydroxyazelastine and desmethylazelastine in the presence of an NADPH-generating
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system.

INTRODUCTION

Azelastine (4-(p-chlorobenzyl)-2-[N-methyl-
perhydroazepinyl-(4)]-1-(2H)-phthalazinone hy-
drochloride) was developed as an antiallergic
agent in the Research Laboratories of Asta-
Werke AG, Bielefeld, W. Germany. Strong
antiallergic actions of the drug were demon-
strated by Tasaka and Akagi”, Zechel et al.l®,
Fischer and Schmutzler?, Katayama et al.® and
Yamada et al.?

In a previous paper®, we showed the meta-
bolic fate of the drug in rats and guinea pigs
following oral or intravenous administration of

the *C-labelled compound; the blood level, the
tissue distribution, the urinary, biliary and fecal
excretion, and the placental transfer of the
radioactivity. The present study was carried
out in order to elucidate the metabolism of the
drug in rats and guinea pigs.

MATERIALS AND METHODS

1) Chemicals

Azelastine and its !*C-labelled compound
(phthalazinone-1, 4-14C, 112 ;Ci/mg) were kind-
ly supplied by Asta-Weke AG. The radio-
chemical purity of the labelled compound was
ascertained to be more than 99% by thin-layer
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chromatography as described previously®. 4-
(p-Chlorobenzyl) - 2 ~ [N-methyl-2-oxo ~perhy-
droazepinyl-(4)]- 1 ~(2H)-phthalazinone (2-oxo-
azelastine), 4-(p-chlorobenzyl)-2-[N-methyl-7-

oxo-perhydroazepinyl - (4)] - 1 =(2H) - phthalazi-

none (7-oxoazelastine), 4-(p-chlorobenzyl)-2-
[perhydroazepinyl - (4)] -1 - (2H) ~ phthalazinone
(desmethylazelastine), 6 -hydroxy -4~ (p-chloro-

benzyl) -2~ [N - methylperhydroazepinyl -14)]-1-

(2H)-phthalazinone (6-hydroxyazelastine), and a
mixture of 6-hydroxyazelastine and 7-hydroxy-
4-(p-chlorobenzyl) -2 - [N —methylperhydroaze-
pinyl-(4)]-1-(2H)-phthalazinone (7-hydroxyaze-
lastine) (9 :1, hydroxyazelastine (9:1)) or (1:1,
hydroxyazelastine (1:1)) were also donated by
the company,
2) Administration of drug

Male Donryu-strain rats weighing 150-230 g,
Sprague-Dawley rats weighing about 230 g and
guinea pigs weighing 300-350 g were fed a
commercial pellet diet (Oriental Kobo Co., Ltd)
and fasted overnight prior to use. Azelastine
and its *C-labelled compound were given orally
by stomach tube as an aqueous solution.
3) Thin-layer chromatography (TLC)

Silica gel plates (Wako gel B-5 FM, Wako
Pure Chemical Industries, Ltd., 0.25 mm thick)
was used in this study. The thin-layer plates
were developed in (A) benzene-acetone-methanol
(7:2:1), (B) CHCl3-methanol (7:3), (C) CHCls-
diethylamine (9:1) or (D) CHCl;-methanol-die-
thylamaine (40:3:3). The chromatograms were
visualized under ultraviolet light (wave length
254 nm), or by spraying with a Dragendorff’s
or Folin-Ciocalteau’s reagent.
4) Analytical procedure

‘Nuclear magnetic resonance (NMR) spectra
were recorded with a Japan Electron Optics
(JEOL) JNM-PS-100 spectrometer using tetra-
methylsilane as an internal standard. Electron
impact mass spectra were determined with a
Japan Electron Optics (JEOL) JMS-01SG mass
spectrometer or JMS DX-300 GC/MS spectro-
meter. Ultraviolet (UV) spectra were taken
with a Hitachi 340 spectrophotometer. Infrared
(IR) spectra ‘were recorded with a Japan Spec-
troscopic DS-701 G IR spectrophotometer. Ra-
dioactivity was determined with a Packard Tri-
Carb Liquid Scintillation Spectrometer 3375.
5) "Isolation of in vivo metabolites

After. azelastine was administered to fifteen
Donryu-strain rats at a dose of 100 mg/kg/day

for three days, the feces was collected over a
period of four days. The combined feces was

- . dried. over P;O; in wvacuo, powdered with a
blender and then extracted with CHCl; con-

tinueously for 20 hr by using-a Soxhlet extrac-

_ tion apparatus., Next, the CHC; solution (Frac-
. tion 'A) was extracted three times each with an

equal volume of 1 N HCI and 1 N NaOH, suc-
cessively, by shaking. The remaining CHCl,
phase was evaporated to dryness in wacuo to
leave 3.4g of residue (Fraction B). The 1N
HCI phase described above was adjusted to pH
10 with 2N NaOH and then extracted three
times with an equal volume of CHCl;. The
combined CHCl; extract was evaporated to dry-
ness in vacuo to leave 0.55 g of residue (Frac-
tion C). Fraction B was dissolved in a small
volume of CHCl; and chromatographed on a
silica gel column (Kiselgel 60, Merck, 3.1x42
cm) using 1.5 liters each of CHClg~acetone
(9:1), CHClg-acetone (4:1) and acetone, succes-
sively. When each fraction (100 ml) was sub-
jected to TLC with solvent system A, a Dragen-

“dorff’s reagent-positive metabolite with Rf value
g 1%

of 0.54 (metabolite 1) was detected from both
CHCIl; and CHCls-acetone (9:1) eluates. The
crude metabolite 1 from these eluates was puri-
fied by preparative TLC (solvent system A) and
by recrystallization from a mixture of benzene
and n-hexane to give 5mg of white crystals.
Fraction B was also dissolved in a small volume
of CHCI; and put on an alumina column (Alu-
minum oxid activ neutral, Merck, 1.7 x22cm)..
The column was eluted with 500 ml each of
CHCl;, CHCls-methanol (99:1), CHClg-meth-
anol (98:2), CHClz-methanol (95:5), CHCls-
methanol (90:10) and methanol, successively.
Each fraction (50 ml) was examined by TLC
using the solvent system B. As a result, a
Dragendorff’s reagent-positive spot with Rf val-
ue of 0.39 was detected from CHCl;-methanol
(99:1) eluate, and those with Rf values of 0. 32
(metabolite 2) and 0,25 (metabolite 3) from
both CHClg~methanol (95:5) and CHCls-meth-
anol (90:10) eluates, respectively., The CHCl;-
methanol (99:1) eluate was evaporated to dry-
ness in vacuo and the residue was purified by
preparative TLC (solvent system C) to give 3
mg of white crystals. The compound was iden-
tified as unchanged azelastine by its comparison
with the authentic sample on thin-layer chroma-
tographic behavior, and UV and IR spectra.
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Furthermore, the CHClg-methanol (95:5) and
the CHClz-methanol (90:10) eluates were com-
bined and eveporated to dryness in wvacuo to
leave 2mg of a mixture of metabolites 2 and
3 as white crystals. However, an attempt to
purify metabolites 2 and 3 separately by using
preparative TLC or column chromatography
was unsuccessful. When fraction A was sub-
jected to TLC with solvent system D, metabolite
4 (Rf 0.56) was found together with other
metabolites described above. However, no at-
tempt was made to further purify the metaholite,
because of its very small quantity.
6) Isolation in vitro metabolites
Sprague-Dawley rats were used in this ex-
periments. The liver was homogenized in 3
volumes of 0. 25 M sucrose, the homogenate was
centrifuged for 20 min at 10, 000 x g, and the su-
" pernatant was centrifuged for 60 min at 105, 000
x g Microsomes were resuspended in 0.1M
phosphate buffer (pH 7. 4). An incubation mix-
ture consisted of 0.5 mmol of 4C-azelastine,
microsomes equivalent to 73g of liver, 0.5
mmol of NADP, 2mmol of glucose-6-phos-
phate, 800 units of glucose-6-phosphate dehy-
drogenase and 0.5 mmol of MgCl; in a final
volume of 100ml of 0.1 M phosphate buffer
(pH7.4). The incubation was performed at
37°C for 5hr in an open vessel. After incuba-
tion, the mixture was heated for 1min in a
boiling water bath, adjusted to pH 10 with 2N
NaOH and then extracted three times with 2
volumes of ethyl acetate containing isoamyl-
alcohol at a concentration of 1.5%. The com-
bined ethyl acetate extract was evaporated to
dryness in vacuo. When the residue was sub-
jected to TLC with solvent system D, two spots
corresponding to metabolites 2 and 4 were
detected at Rf 0.14 and 0. 56, respectively. Me-
tabolite 4 was further purified by silica gel
column chromatography as follows: The residue
was dissolved in a small volume of CHCly
and charged on a silica gel column (Silica
Gel 60, Wako Pure Chemical Industries, Ltd.,
2x16cm). The column was eluted with 200 ml
each of CHClz-methanol (19:1), CHCls-metha-
nol (17:3), CHCl;-methanol (4:1) and CHCl;-
methanol (7:3), successively,. When each frac-

tion was subjected to TLC with solvent system.

D, metabolite 4 was detected from both CHCl,-
methanol (4:1) and CHClg-methanol (7:3) elu-
ates. For further purification, the crude metab-

olite from these eluates was chromatographed
on a silica gel column (1x21.cm) using CHClg-
methanol-diethylamine (87:6.5:6.5) and -then
rechromatographed on a column of the same
size using CHCl;-methanol-diethylamine (91:
4.5:4,5), : :

7) Quantitative determination of metabo-

lites in blood and tissues

Sprague-Dawley rats were given *C-azelastine
at a dose of 10 mg/kg and sacrificed by cervical
fracture. The blood samples were collected
from the carotid artery and the tissues of inter-
est were excised from bodies. The blood (2 ml)
and tissue (2 g) samples were homogenized in 4
volumes of water and the homogenates were
extracted with 2 volumes of ethyl acetate con-
taining isoamylalcohol at a concentration of
1.59%, respectively. The ethyl acetate extract
was subjected to TLC (solvent system D) and
the silica gel on the plate was counted for radio-
activity as described above.

8) Quantitative determination of metabo-
lite in unine and feces

After administration of !*C-azelastine at a
dose of 1mg/kg to Donryu-strain rats, the 24
hr-urine and feces were collected, respectively.
The urine was adjusted to pH 10 with 2N
NaOH and then extracted three times with 2
volumes of ethyl acetate. The combined ethyl
acetate extract was evaporated to dryness in
vacuo and the residue was subjected to TLC
(solvent system D).

The aqueous phase after extraction was ad-
justed to pH6 with 2N HCl, mixed with 2
volumes of 0.1 M phosphate buffer (pH 6.0),
and the mixture was incubated with p-glu-
curonidase (Type 1, bacterial, 62, 000 units/g,
Sigma Chemical Co.) at 37°C for 24 hr. After
incubation, the mixture was adjusted to pH 10
with 2 N NaOH and extracted with ethyl ecetate
as described above, The ethyl acetate extract,
after removal of the solvent, was also sub-
jected to TLC (solvent system D). After devel-
opment, the silica gel on the thin-layer plate was
scraped as 0.5 cm wide bands and counted for
radioactivity.

The combined feces was dried, powdered and
extracted with CHCl; for 20 hr according to
the method described in the section of “Isolation
of in wvivo metabolites”, The CHCl; extract
was evaporated to dryness in wvacuo and the
residue was subjected to TLC (solvent system
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D). After development, the radioactivity on
the thin-layer plate was measured as described
above. :

RESULTS AND DISCUSSION

Our previous study® showed that when *C-
azelastine was administered orally to rats and
guinea pigs, the major excretion pathway of the
drug was by way into feces in both species.
In the present study, therefore, we attempted
the isolation and identification of azelastine me-
tabolites from rat feces, As described in MA-
TERIALS AND METHODS, metabolite 1, and
a mixture of metabolites 2 and 3 were isolated
from the feces of rats given azelastine, respec-
tively, The mass spectral analysis of metabolite
1 (Fig. 1 and 2) showed that the metabolite
seems to be the oxoperhydroazepinyl derivative
of azelastine. The spectrum of the metabolite
resembled closely that of the synthetic candidate,
2-oxoazelastine or 7-oxoazelastine. The UV
spectrum of the metabolite was also identical
with those of these two synthetic compounds,
in which an absorption maximum was observed
at 200nm (in ethanol). On the other hand,
upon TLC examination using the solvent system
A, it was found that 2-oxoazelastine had the
Rf value of 0.64, whereas 7-oxoazelastine had
that of 0.54, and that the thin-layer chromato-
graphic behavior of metabolite 1 coincided com-
pletely with that of the latter oxoazelastine.
In addition, the IR spectrum of the metabolite
was identical with that of the 7-oxo compound
as shown in Fig. 3, but not with that of the
2-oxo compound (data not shown), From these

results, metabolite 1 was identified as 7-oxo-
azelastine which has a lactam structure of seven
member ring in its molecule, It is known that
other drugs such as nicotine#®, and tremolinel
¥ also undergo the oxidation of pyrrolidine
rings to form the corresponding lactams in
animal bodies. Such lactams seem to be formed
via the corresponding carbinolamines from these

cyclic amines®?,

As regards the mixture of metabolites 2 and
3, the mass spectral analysis showed that these
metabolites seem to be two kinds of hydroxy-
azelastine possessing a hydroxy group on a
benzene ring of phthalazinone moiety (Fig. 4
and 5). The presence of a phenolic hydroxyl
group in the molecule was supported by the
facts that both metabolites 2 and 3 were posi-
tive to Folin-Ciocalteau’s reagent and that the
UV spectrum of the mixture showed the batho-
chromic shift of absorption maxima in an
alkaline solution as described below. Further-
more, the mass spectrum of the  metabolite
mixture was almost completely identical with
that of the synthetic candidate, hydroxyazelatine
(9:1) or hydroxyazelastine (1:1). The TLC ex-
amination using the solvent system B also
demonstrated that all of these samples gave the
two spots at Rf 0.32 and 0.25, respectively.
In the case of hydroxyazelastine (1:1), the rela-
tive intensity of these spots was nearly equal,
whereas in the case of hydroxyazelastine (9:1),
the intensity of the upper spot was much
stronger than that of the lower one, This fact
indicated that the upper spot is due to 6-
hydroxyazelastine and the lower one due to
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Fig. 3. Infrared spectra of synthetic 7-oxoazelastine and metabolite 1 (KBr).

synthetic compound, ----------=---

7-hydroxyazelastine, respectively. The chroma-
tograms of the metabolite mixture was rather
similar to these of hydroxyazelastine (9:1). As
shown in Fig. 6, the UV spectrum of  the
metabolite mixture in ethanol had the absorption
maxima at 222, 254 and 295 nm, which were
shifted to 270 and 300 nm in alkaline ethanol.
These UV spectra in both neutral and alkaline
media coincided completely with those of hydro-
xyazelastine (9:1). Based on these data, metab-
olites 2 and 3 were tentatively identified as 6~

metabolite

hydroxyazelastine and 7-hydroxyazelastine, res-
pectively. However, complete resolution and
purification of these two hydroxy metabolites
were unsuccessful. In addition, the thin-layer
chromatographic behavior of metabolite 4 was
entirely identical with that of authentic des-
methylazelastine, suggesting that azelastine un-
dergoes metabolic N-demethylation in animal
bodies.

When azelastine was incubated with rat liver
microsomes in the presence of an NADPH-

673
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generating system, the formation of metabolite
4 as well as metabolite 2 was also observed as
described in MATERIALS AND METHODS.
The mass spectral analysis of metabolite 4 (Fig.
7 and 8) showed that the metabolite is a com-
pound corresponding to N-demethylated azelas-
tine. In fact, the mass spectrum was completely
identical with that of authentic desmethylazelas-
tine, supporting the above idea that the metab-
olite is formed in vivo. e
The presence of these metabolites in feces

seems to be due to their biliary excretion and
the exsorption, because the radioactivity was
almost completely recovered from bile, and gas-
trointestinal tracts and its contents following i. v.
administration of 4C-azelastine (1mg/kg) to
rats as described previously®. Upon TLC ex-
amination, metabolites 1, 2, 3 and 4 were also
detected from feces of guinea pigs, and from
urine of rats and guinea pigs.

Fig. 9 shows the concentration of azelastine
and its metabolites in blood and tissues. In
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all samples, azelastine, metabolite 2 and metab-
olite 4 showed the highest concentration at 1 hr
and disappeared almost completely at 24 hr after
medication. In the liver, the concentration of
azelastine was nearly equal to that of metabolite
2, whereas in the blood, kidney and lung, the
highest concentration was observed with un-
changed azelastine. In the kidney and lung,
metabolite 4 exhibited higher concentration
compared with metabolite 2, In all samples,
the level of metabolite 1 was the lowest among
the metabolites.

Table 1 shows the results of the determination
of azelastine and its metabolites in the 24 hr-
urine and feces. Hydroxyazelastines (metabo-

Cl
Metabolite 1

1
Qe
ZN

CH,

Cl
Azelastine

0
|
CH,

Cl
Metaholite 4
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Table 1. Determination of Azelastine and its
Metabolites in 24 hr-Urine and Feces after Oral
Administration of !!C-Azelastine to Rats and

Guinea Pigs

Rat

Guinea pig

Urine Feces

Urine Feces

9% of dose
Azelastine 0.1 3.7 2.7 7.0
Metabolite 1 0.1 9.1 1.6 6.2
Metabolite 243 1.1 56.3 4.5 15.5
Suwmitsd 01— 15 -
Metabolite 4 trace trace trace trace

o

Each value represents the mean of three experiments.
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Fig. 10. Metabolites of azelastine in rats and guinea pigs.
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lites 2 and 3) were excreted into the feces of
rats and guinea pigs as main metabolites of
azelastine. A small amount of their glucuro-
nides were also detected from the urine of both
species.

The metabolites of azelastine, which were
found in the present study, were depicted in
Fig. 10,

ACKNOWLEDGEMENTS

The authors wish to thank Asta-Werke AG,
Bielefeld (FR Germany) for kindly providing
the samples of azelastine and its derivatives.

REFERENCES

1. Cho, A.K., Haslett, W.L. and Jenden, D.J.
1961. The identification of an active metabolite
of tremorine, Biochem, Biophys., Res. Commun,
5 : 276-279,

2. Fischer, B. and Schmutzler, W. 1981, Inhibi-
tion by azelastine of the immunologically induced
histamine release from isolated guinea pig mast
cells, Arzneim.-Forsch, 31 : 1193-1195.

3. Hammer, W., Holmstedt, B., Kartén, B., Sjoq-
vist, F. and Vessman, J. 1968. The metabolism
of tremorine, Identification of a new biologically
active metabolite, N-(4-pyrrolidino-2-butynyl)-7-
aminobutyric acid, Biochem. Pharmacol, 17:
1931-1941.

4, Hucker, H.B., Gillette, J.R. and Brodie, B.

10.

. Tasaka, K. and Akagi, M.

B. 1960, Enzymatic pathway for the formation
of cotinine, a major metabolite of nicotine in
rabbit liver. J. Pharmacol. Exp, Ther, 129 : 94-100.

. Katayama, S., Akimoto, N., Shionoya, H.,

Morimoto, T. and Katoh, Y. 198]. Anti-allergic
effect of azelastine hydrochloride on immediate
type hypersensitivity reactions in wvivo and in
vitro, Arzneim,-Forsch, 31 : 1196-1203, '

. McKennis, H.,, Turnbull, L.B. and Bowman,

E.R. 1958, Metabolism of nicotine to (+)-7-(3-
pyridyl)-y-methylaminobutyric acid. J. Am, Chem.
Soc, 80 : 6567-6600,

1979. Antiallergic
properties of a new histamine antagonist, 4-(p-
chlorobenzyl)-2-[ N-methylperhydroazepinyl-(4)]-
1-(2H)-phthalazinone hydrochloride (Azelastine).
Arzneim.-Forsch, 29 : 488-493.

. Tatsumi, K., Ou, T.,, Yamada, H. and Yoshi-

mura, H. 1980. Studies on metabolic fate of a
new antiallergic agent, azelastine (4-(p-choloro-
benzyl)-2-[N-methylperhydroazepinyl-(4)]-1-(2H)
-phthalazinone hydrochloride, Japan, J. Pharmacol.
30 : 37-48.

Yamanaka, T., Sheji, T., Murakami, M. and
Igarashi, T. 1981, Effects of azelastine hydro-
chloride, a new antiallergic drug, on the gastro-
intestinal tract, Arzneim,-Forsch, 31 :1203-1206,
Zechel, H.-J., Brock, N., Lenke, D. and Ach-
terrath-Tuckermann, U. 1981. Pharmacologi-
cal and toxicological properties of azelastine, a
novel antiallergic agent, Anzneim,.-Forsch. 31:
1184-1193,





