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In recent years the orally active histamine-
like drug betahistine (2-(2-methylamino-
ethyl)pyridine dihydrochloride) has been
used (1-3) in the treatment of Meniere’s
disease and other conditions presumed to be
or actually accompanied by poor microcircu-
lation. Interest in the mechanisms (4, 5)
through which vascular resistance is de-
creased by betahistine led us (6) to compare
vascular responses to betahistine and related
compounds. Betahistine and its N-demethyl
derivative on a molar basis were equipotent
in decreasing vascular resistance in the fore-
limb of the dog, while one of the acidic
metabolites of betahistine, 2-pyridylacetate
(6, 7), produced no noticeable effect.

From available data on the metabolism of
betahistine and related compounds (8, 9), it
was considered (6) that demethylbetahistine
(2-(2-aminoethyl)pyridine) and  2-(2-hy-
droxyethyl)pyridine might both participate
as intermediates in the metabolism of beta-
histine to 2-pyridylacetate. Preliminary ex-
periments have shown (10) that the 12000 x
g supernatant from rabbit liver is rich in
ability to oxidize betahistine to 2-pyridyl-
acetate. The present study provides evidence
for the conversion of betahistine, demeth-
ylbetahistine, and 2-(2-hydroxyethyl)py-
ridine to 2-pyridylacetate in the rabbit and
the conjugation of some of this 2-pyridylace-
tate with glycine to form N-2-pyridylace-
tylglycine.

Materials and Methods. Betahistine base
(2-(2-methylaminoethyl)pyridine,  demeth-
ylbetahistine base (2-(2-aminoethyl)pyri-
dine), 2-(2-hydroxyethyl)pyridine, and 2-py-
ridylacetic acid hydrochloride were obtained
from the Aldrich Chemical Co. Thin-layer
chromatograms were prepared on silica gel
plates (E. Merck) with solvent X (11) and
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on Whatman No. 1 paper in solvent C (12).
The dried chromatograms were sprayed with
2% p-aminobenzoic acid, redried, and exposed
to cyanogen bromide to locate Koenig-
positive zones. Ultraviolet absorption spectra
were obtained with a Cary model 11 PM
recording spectrophotometer. Gas chromato-
graphy was carried out at 165° on a stainless
steel column (6 ft X 1/8 in.) packed with
3% SE-30 on 80-90 mesh Anakrom ABS; 50
ml/min helium carrier; injector at 200°, and
detector at 210°.

N-2-Pyridylacetylglycine was prepared by
a modification of the method of Burns,
Duncan and Scales (9). The ethyl ester was
prepared by refluxing a mixture of 30 mg of
N-2-pyridylacetylglycine in 4 ml of absolute
ethanol and 0.01 ml concentrated sulfuric
acid for 16 hr. The cooled solution was
treated with 10 ml of methylene chloride
followed by 5 g of crushed ice. The aqueous
phase was adjusted to pH 9 by addition of
10% sodium hydroxide. The mixture was
shaken vigorously and the methylene chloride
extract was removed. The aqueous phase
was reextracted twice with 10 ml of methy-
lene chloride. The combined extracts were
dried with anhydrous magnesium sulfate. Af-
ter filtration the filtrate was concentrated to
yield 34 mg of ethyl N-2-pyridylacetylgly-
cine. The light yellow oil was dried over
KOH at 1 mm (RT 9 min; R, 0.62 solvent
K; R 0.71 solvent C), and stored in the
desiccator for use as a primary standard.

Commercial 2-pyridylacetic acid hydro-
chloride (2.0 g), which had been recently
recrystalized from absolute ethanol, was dis-
solved in 10 ml of water. The solution was
placed upon a column (1.5 X 14 cm) of
Dowex 21 K (OH—). The effluent, which
gave a faint positive Koenig test, was dis-
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carded, and the column was washed with
water. The column was then treated with 60
ml of 2 IV acetic acid. The acetic acid eluate
was concentrated to dryness (1.5 g, or 94%)
at room temperature and finally recrystal-
lized from absolute alcohol. The vacuum
dried product melted at 100° (dec) in good
agreement with the literature values (13,
14).

Metabolism of betahistine and related
compounds in the rabbit. Betahistine base
(or related compound) in aqueous solution
(0.35 mmole/ml) was administered orally
(0.7 mmole/kg) to female Dutch rabbits
(1.6-3.0 kg). Urine from the individually
housed animals was collected as run-off from
the metabolism cages with sodium fluoride as
a preservative. The animals were allowed
food and water ad libitum during the collec-
tion period. Pooled urine, which was separat-
ed from feces by a screen in the metabolism
cages, was filtered through diatomaceous
earth and placed upon a column of Dowex 50
(H*) (500 ml). The effluent and a water
wash from the column were put aside for
further possible investigation; the column
was then treated with 1400 ml of 5 ¥ ammo-
nium hydroxide. The ammoniacal eluate (A)
was then placed upon a column of Dowex 21
K (OH~) (200 ml). The effluent and water
wash were put aside. The column was then
treated with 600 ml of 2 N acetic acid. The
acetic acid eluate (B), which showed the
presence of pyridylacetate by the qualitative
methods previously employed (6), was then
examined in the absorption spectrophotome-
ter.

Gas  chromatographic estimation of 2-
pyridylacetylglycine. The acetic acid eluate
(B) from the Dowex 21 K (OH—) column
above was concentrated under diminished
pressure at 40° to a brown residue, which was
triturated with 50 ml or absolute ethanol.
After removal of the ethanol under diminished
pressure, the mixture was heated at reflux
temperature for 16 hr with 15 ml of absolute
ethanol and 0.6 ml of concentrated sulfuric
acid. After addition of crushed ice (20 g)
and methylene chloride (15 ml), the aqueous
layer was adjusted to pH 9 by careful addi-
tion of 109 sodium hydroxide. The methy-
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lene chloride extract was combined with two
additional extractions (15 m! each) and dried
over anhydrous magnesium sulfate. The res-
idue from evaporation of the solvent was dis-
solved in alcohol for gas chromatographic in-
vestigation. The ethyl N-2-pyridylacetyl-
glycinate concentration was estimated from
peak heights in comparison with those ob-
tained from primary standard ester.

Stability of 2-pyridylacetate and its gly-
cine conjugate. Solutions of 2-pyridylacetic
acid and of N-2-pyridylacetylglycine were
prepared in 5 ml of water, and in 5 ml of pH
7.4 phosphate buffer (0.2 M sodium-potassi-
um) and heated in sealed tubes at 120° for
16 hr. The 2-pyridylacetate solutions showed
upon chromatography in all cases a single
Koenig-positive zone corresponding to 2-pic-
oline (R; 0.52, solvent K), and the N-2-py-
ridylacetylglycine solutions showed evidence
only for unchanged material (R; 0.08,
solvent K; R; 0.28 solvent C).

Results. The urine of rabbits that received
betahistine or the related pyridine com-
pounds, demethylbetahistine and 2-(2-hy-
droxyethyl)pyridine, showed upon thin-layer
chromatography a number of Koenig-positive
compounds, which served to suggest com-
mon metabolic routes. After processing on the
resin, the ultraviolet absorption spectra of
acidic fraction of the urines (obtained with 2
N acetic acid from Dowex 21 K (OH—))
showed maxima in the vicinity of 262 nm, as
depicted for the betahistine-treated animals
in Fig. 1. A calculated measure of the 2-py-
ridylacetate excretions is indicated in Table
I. N-2-Pyridylacetylglycine in 2 N acetic
acid solution shows a similar absorption spec-
trum with a maximum at 262 nm, and other
2-substituted pyridine compounds, such as
the glucuronide of 2-pyridylethanol, could
present themselves in the fraction and show
no outstanding absorption difference.

N-2-Pyridylacetylglycine, previously re-
ported as a metabolite of 2-(2-methoxy-
ethyl)pyridine (9), chromatographed essen-
tially with the same R; value (0.08, solvent
K) as 2-pyridylacetic acid, and the two con-
sistently overlapped each other when chroma-
tographed together on paper or silica gel. The
Koenig reaction of 2-pyridylacetate pro-
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Fic. 1. Comparative ultraviolet absorption spectra
of control and experimental urine fractions
[eluted from Dowex 21 K (OH™)] with 2 N acetic
acid. (A) Urine fraction from betahistine-treated
rabbits; (B) 2-pyridylacetic acid in 2 N acetic acid;
(C) urine fraction from untreated rabbits.

vided a greyish color in contrast to the
orange-like color of N-2-pyridylacetylglycine.
Evidence for the presence of this conjugate
was achieved through the ethanol-sulfuric
acid esterification of the processed urine of
one group of betahistine-treated animals. Gas
chromatography of the ethyl ester fraction
provided evidence for ethyl pyridylacetate

TABLE I. Forty-eight-hour Urinary Excretion of

Apparent 2-Pyridylacctate by Female Dutch Rab-

bit Groups After Oral Administration of Beta-
histine and Related Compounds.

Percentage of dose
excreted as

2-pyridyl b
Compound administered® pyridylacetate

(0.7 mmole/kg) I 1T IIT
Betahistine base 62° 947 59
Demethylbetahistine base 67 49 55
2-(2-Hydroxyethyl) pyridine 91 79
2-Pyridylacetic acid 86G¢

hydrochloride

“Mean weight of groups ranged from 1.8-2.4
kg; individual animals weighed 1.6-3.0 kg.

® Caleulated value based on absorption of Dow-
ex 21 K (OH-) cluate at 262 nm.

°N —=4.

¢N =5.

°N = 3; all other groups contained six animals.
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(R; 0.62, solvent K) and ethyl N-2-pyridyl-
acetylglycine accounted for 1.36% of the ad-
ministered dose. Only indications of trace
amounts (less than 0.19%) were obtained from
the urine of a group that received 2-(2-hy-
droxyethyl)pyridine.

Esterification of N-2-pyridylacetylglycine
under acidic conditions such as those employ-
ed in this study provide a compound of suffi-
cient volatility for estimation by gas chroma-
tography. 2-Pyridylacetic acid on the other
hand is a compound noted for its instability
under many conditions (13-16), decarboxy-
lated during the esterification procedure with
acid and alcohol to give some picoline (R;
0.50, solvent K) along with the expected ester,
ethyl 2-pyridylacetate (R; 0.62, solvent K;
R; 0.71, solvent C).

Discussion. Prior to the present study,
Burns, Duncan and Scales (9) and Duncan
and Scales (8) studied the metabolism of
methyridine  (2-(2-methyoxyethyl)pyridine)
in a variety of animals, viz., sheep, calves,
rabbits, mice and rats. From their studies it
was concluded that the major urinary metab-
olite of methyridine, accounting for 80-90%
of the administered dose, was 2-pyridylace-
tate. Little methyridine (0.2-0.5% of the ad-
ministered dose) was excreted unchanged.
2-(2-Hydroxyethyl)pyridine was excreted to
the extent of 0.1% in sheep that had received
methyridine. 2-(2-Hydroxyethyl)pyridine, in
the light of its importance as a metabolic
intermediate, was administered (9) to rats
and 829% of the administered dose appeared
in the urine as 2-pyridylacetate within 2
days.

In the present studies in the rabbit using
betahistine, demethylbetahistine, and 2-(2-hy-
droxyethyl)pyridine the urinary pattern of
excretion of the administered 2-pyridyl de-
rivatives resembles markedly those observed
in the methyridine studies and is similar to
those in previous studies (6) on the metabol-
ism of betahistine in the dog where the 2-py-
ridylacetate fraction of urine accounted for a
calculated 80% of the administered dose. In
the present studies on the metabolism of be-
tahistine in the rabbit, the acidic metabolic
fraction was shown in one group to contain
N-2-pyridylacetylglycine, equivalent to 1.36%
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of the administered betahistine. Koenig-
positive urinary material, other than 2-pyri-
dylacetate and its glycine conjugate, was not
investigated in this study.

In the studies of methyridine-1*C (2-(2-
methoxyethyl) pyridine-2-1#C),  traces of
radioactivity were found (8) to remain in
the animal long after the major fraction of
radioactivity had been eliminated by way of
the urine. Since the residual C was elimi-
nated at a rate comparable to that expected
for labeled protein, it was suggested that this
radioactivity resulted from a general labeling
of the carbon dioxide pool, via the decar-
boxylation of 2-pyridylacetic acid (to yield
carbon dioxide and 2-picoline). During the
processing of urine in the current study on
betahistine, chromatographic evidence for
2-picoline was encountered. Stability studies
on 2-pyridylacetic acid indicate that spon-
taneous decarboxylation of 2-pyridylacetic
acid in the physiological pH range can lead
to the production of 2-picoline. Previous au-
thors (15) have studied the photodecomposi-
tion of 2-pyridylacetate. In order to minimize
the possible production of 2-picoline as a
photochemical artifact in processing the ur-
ine, our operations were conducted in sub-
dued light. The Dowex 21 K (OH~) columns
were stripped of pyridine compounds by
treatment with 2 NV acetic acid without delay,
although control columns were found to re-
tain 2-pyridylacetate without evident decom-
position for as long as 2 weeks when stored in
the darkness at 2°. Although much data
exists (16-18) on the instability of 2-pyridyl-
acetate, no studies show whether or not the
decarboxylation of 2-pyridylacetic acid in
2iv0 is subject to enzymatic control.

While data now available point to the
probability of alternate pathways in the met-
abolism of betahistine to 2-pyridylacetate,
one via 2-pyridylacetaldehyde directly and
one via demethylbetahistine with subsequent
formation of pyridylacetaldehyde, additional
knowledge of the factors required in the en-
zymatic oxidation of 2-(2-hydroxyethyl)
pyridine to pyridylacetate are currently need-
ed. The failure of an active dehydrogenase
preparation to produce (9) 2-pyridylacetalde-
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hyde or 2-pyridylacetate from 2-(2-hydroxy
ethyl)pyridine iz vilro has been reported.
Oxidation of  2-(2-hydroxyethyl)pyridine
took place, however, and many additional
pathways for the metabolism of betahistine
and its congeners may be forecast from the
studies.

Summary. The metabolism of betahistine,
demethylbetahistine  and  2-(2-hydroxy-
ethyl)pyridine in the rabbit leads to the ur-
inary excretion of acidic metabolities, includ-
ing 2-pyridylacetate, which is excreted in
part as N-2-pyridylacetylglycine. Other uni-
dentified Koenig-positive compounds were in
the acidic fraction.
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