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ABSTRACT

Girisopam possesses selective anxiolytic action without muscle relaxant and anticonvulsive activity. After a 100-mg oral dose of
14C-labelled girisopam to seven male subjects, the mean recovery of '*C radioactivity was 51% in urine and 33% in faeces. A
high-performance liquid chromatographic method has been developed for studying girisopam in single-dose pharmacokinetic studies.
The serum extract was chromatographed on a normal-phase column using a mobile phase of hexane—ethanol-diethyl ether (66:9:25,
v/v)and ultraviolet detection at 235 nm. The recovery was 60% and the detection limit was 3 ng/ml, using I ml of serum. After a 20-min
delay, girisopam is rapidly absorbed. After reaching 2 mean serum level of 178 ng/ml at a mean time of 2.0 h, the serum concentration of
girisopam decreased with a mean elimination half-time of 22.2 h. The metabolites were separated by high-performance liquid chroma-
tography, radio thin-layer chromatography and gas chromatography. Their structures were determined by liquid chromatography—
mass spectrometry, mass spectrometry and gas chromatography-mass spectrometry. Their chemical structures were confirmed by
comparison with synthesized reference compounds. The major urinary metabolites were 7-demethylgirisopam (1), 4'-hydroxygirisopam
(11) and 4-hydroxymethyl-4-demethylgirisopam (III). which were in conjugated form, and 4-carboxy-4-demethylgirisopam (V). a com-
pound with an open-chain structure (VII) and traces of 4-demethyl-4-oxogirisopam (VIIT) and 4-hydroxymethyl-4-demethylgirisopam
(I1), which werc in non-conjugated form. The metabolic profile in the serum consisted predominantly of the glucuronides of I, 11 and
III. The non-conjugated metabolites were the metabolite with the open-chain structure (VII), III and V. Besides the parent compound,
the faeces sample contained conjugates of I and I1.

sess selective anxiolytic action without muscle re-
laxant and anticonvulsive activity, and they show
no affinity for the 1,4-benzodiazepine receptors.

INTRODUCTION

Girisopam (G) (GYKI-51 189, 1-(3-chlorophe-

nyl)-4-methyl-7,8-dimethoxy-5H-2,3-benzodia-

zepine, is a new analogue of tofizopam. The
pharmacology of tofizopam has been reported in
detail [1-5]. The main metabolic pathway for to-
fizopam has been found to be demethylation of
the methoxyl groups [6,7]. G displays a peculiar
spectrum of pharmacological activity [8]. Tofizo-
pam and G both differ from the traditional 1,4-
benzodiazepines in many respects, e.g. they pos-
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For the determination of tofizopam in human
serum a high-performance liquid chromato-
graphic (HPLC) technique has been described by
Sajgd et al. [9], and its trace impurities were ana-
lysed by HPLC by Patthy and Salat [10]. This
paper reports normal- and reversed-phase HPLC
methods for the pharmacokinetic investigation of
G. For the metabolism study, HPLC, liquid
chromatography-mass spectrometry (LC-MS),
mass spectrometry (MS), gas chromatography
(GC) and GC-MS were used.
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TABLE 1
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STRUCTURES AND RETENTION TIMES OF GIRISOPAM AND ITS METABOLITES

/2
R1-0 N
Ol ;
CHz -0 1 N/
Cl
R3
Compound R, R, R, Retention time HPLC?
(min)
Girisopam CH, CH, H 38.5
I H CH, - 341
I CH, CH, OH 32,0
111 CH, CH,OH H 33.8
v CH, CHO H 35.8
\Y CH, COOH H 315
VI CH, H H 36.6
vie 35.1
VIII¢ ’
1X H CH, OH 28.1
VII 18.0
“ Conditions as Fig. 2. CQOH
b Compound VII could not be synthesized. CHz-0 %
CHz-0

0
CH3 -0 \/
O
CHz- 0 =N
VIII 1
EXPERIMENTAL
Materials

Girisopam and its possible metabolites (I, I,
ITL, 1V, V, VI, VIII and IX) (Table 1) were syn-
thesized in the Institute for Drug Research (Bu-
dapest, Hungary). Radiolabelled girisopam con-
tained a '*C atom at position 1 (Table I). The
internal standard, 1-(3'-chloromethyl)-4-meth-

==N-NH.,
VII @01

yl-6,7-dimethoxyphthalazine (GYKI-51 330),
was synthesized in the Institute for Drug Re-
search. A LiChroprep RP-8, 15-25 pum, 40 mm x
4 mm I.D. precolumn, a Polygosil-60 C,g, 10 um,
250 mm x 4 mm 1.D. analytical column, a Poly-
gosil-60 Si, 10 um, 250 mm X 4 mm L.D. analyt-
ical column and Samplex C;s cartridges were
supplied by Bioseparation Technologies (Buda-
pest, Hungary). Stationary phases, 3% OV-1 on
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Gas Chrom Q (80-100 mesh) and 2% OV-225 on
Gas Chrom Q (80-100 mesh), were supplied by
Applied Science Labs. (State College, PA, USA).
The thin-layer chromatographic (TLC) plates (20
cm x 20 cm, thickness 0.25 mm, Kieselgel 60-
F-254, silanized) and the Extrelut 20 columns
were supplied by Merck (Darmstadt, Germany).

Drug administration

Seven healthy volunteers, aged 35 to 50 years
and within 9% of desirable weight for their
height and body build, were administered orally
100 mg of G-{**C]-G (98:2). Blood samples were
taken at 0.16, 0.25, 0.33, 0.66, 1.0, 1.5, 2.0, 3.0,
4.0, 6.0, 8.0, 12.0, 16.0, 20.0, 24.0, 36.0, 48.0 and
72.0 h after administration. Urine samples were
collected in 4-h intervals up to 24 h, and thereaf-
ter daily up to five days. Faeces was collected
daily up to three days. Serum, urine and faeces
samples were stored at —20°C.

High-performance liquid chromatography

The apparatus consisted of an LK B (Bromma,
Sweden) high-performance liquid chromato-
graph, three Model 2150 LKB pumps, a Model
2152 controller, a Model 7125 Rheodyne injector
for sampling, a Model 7010 Rheodyne injector
for column switching, an LKB 2151 multiwave-
length UV-visible detector (at 235 nm), a Model
2210 LK B recorder (10 mV), a LiChroprep RP-8§,
15-25 pm, 40 mm X 4 mm I1.D. pre-column, a
Polygosil-60 Cyg, 10 um, 250 mm X 4 mm L.D.
analytical column and a Model 2140 LK B diode
array detector.

The eluents used for the metabolism study
were: eluent A, methanol-0.1 M ammonium ace-
tate buffer (pH 5.8) (3:7, v/v); eluent B, metha-
nol-0.1 M ammonium acetate buffer (pH 5.8)
(4:1, v/v). At each injection, eluent A was
pumped through the HPLC system at a flow-rate
of 1 ml/min. After 12 min the solvent program-
mer produced a gradient from 100% eluent A to
100% B during 30 min. Then 100% eluent B was
applied for 15 min. After the termination of a
chromatographic run there was an equilibrium
time of 5 min before the next injection, during
which 100% eluent A was pumped through the
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system. For the pharmacokinetic study the sep-
aration was performed on a 250 mm x 4 mm
I.D. Polygosil-60 Si column (10 gm). The column
was eluted isocratically with n-hexane—ethanol-
diethyl ether (66:9:25, v/v) at a flow-rate of 1 ml/
min. The effluent was monitored with an LKB
UV-visible detector at 235 nm.

Liquid chromatography—mass spectrometry

A Hewlett-Packard (HP) 5988A mass spec-
trometer (Palo Alto, CA, USA) fitted with a ther-
mospray (TSP) interface (Vestec, Houston, TX,
USA) was used. The vapourizer temperature was
95°C, the tip temperature 200°C, and the source
temperature 260°C. Data were acquired and
processed by using the standard software sup-
plied by Hewlett-Packard. Scanning data were
acquired in the mass range 150-530 to avoid high
background from solvent cluster ions of lower
mass. An HP 1090 liquid chromatograph was
equipped with a binary pumping system. The
pre-column, the analytical column, the gradient
run and all other conditions were the same as for
HPLC analysis.

Gas chromatography

For GC investigation, an HP 5710 gas chro-
matograph with a frequency-modulated °°Ni
electron-capture detector was used. The column,
al.6m x 4mm LD. glass coil, was packed with
2% OV-225 on Gas Chrom Q (80-100 mesh).
The carrier gas was argon—-methane (95:5) at a
flow-rate of 50 ml/min. Temperatures were: in-
jection port, 250°C; detector, 300°C; column,
235°C.

Gas chromatography—mass spectrometry

An HP 5990A gas chromatograph—mass spec-
trometer equipped with a column of 1.6 m x 4
mm [.D. glass coil containing 3% OV-1 on Gas
Chrom Q (80-100 mesh) was used. The instru-
ment parameters were: injector temperature,
240°C; column temperature, 240°C; electron en-
ergy, 70 eV; multiplier voltage, 3000 V. The col-
umn was fitted to the ion source by a jet sep-
arator.
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Mass spectrometry

A Finnigan MAT 8430 mass spectrometer
(Bremen, Germany) with direct sample introduc-
tion was used. Evaporation was controlled by the
total ion current. The instrument parameters
were: electron energy, 70 eV; ion source temper-
ature, 250°C; resolution, 1250 vs. 10 000. For the
fast atom bombardment (FAB) measurements,
an 11NF type FAB source (lon Tech, Middlesex,
UK) was used. The matrix was glycerol-m-nitro-
benzyl alcohol, with some drops of phosphoric
acid. For high-resolution mass measurement,
PFK was used as the reference standard.

EXxtraction procedures

Isolation of metabolites from urine. Aliquots of
100 m! of pooled urine samples were freeze-dried,
and the residues were dissolved in 40 ml of meth-
anol and filtered. The methanolic solutions were
evaporated to dryness, and the residues were tak-
en up in 10 ml of water and poured onto Samplex
Cyg cartridges activated with 5 ml of methanol.
Each methanolic phase was subjected to TLC
and the plates were developed with methanol-
water (3:2, v/v) and visualized by autoradiogra-
phy. Spots showing radioactivity were eluted
with methanol (recovery 80 + 5%). The remain-
ing residue was digested with fS-glucuronidase—
arylsulphatase and chromatographed by HPLC
and TLC.

On-line urine or serum analysis. Aliquots of 1
ml of pooled urine or 1 ml of serum were injected
into a LiChroprep RP-8 pre-column and rinsed
with 3 ml of water. The sample was then back-
eluted with methanol-0.1 M ammonium acetate
buffer, pH 5.8 (3:7, v/v) to a Polygosil-60 C,s
analytical column. The column switching was ac-
tuated manually. The column effluent was con-
tinuously monitored by a UV detector, and 1-ml
fractions were collected for measurement of ra-
dioactivity. (The recoveries for.urine and serum
samples were 80 and 45%, respectively.) For fur-
ther examination, appropriate HPLC fractions
were pooled and the solvent was removed with a
stream of nitrogen in a sand-bath at 40°C. The
residue was redissolved and analysed by HPLC
or MS. The remaining residue was digested with
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p-glucuronidase—-arylsulphatase and chromato-
graphed by HPLC and TLC.

Isolation of metabolites from faeces. Pooled
faeces samples (200 g) were suspended in 300 ml
of methanol and homogenized. The slurry was
filtered and the solvent was evaporated in vacuo.
The recovery of '*C activity was 60%. The solid
residue was dissolved in methanol, and an ali-
quot was analysed by TLC. The remaining meth-
anolic solution was evaporated to dryness and
the parent compound was extracted with chloro-
form. The residue was dissolved in acetate buffer
(pH 4.7) and digested with S-glucuronidase—aryl-
sulphatase. The buffer solution containing the
metabolites was neutralized with NaOH solution
then loaded on an Extrelut 20 column. After 30
min the metabolites were eluted with 40 ml of
chloroform—methanol (9:1, v/v). The effluent was
evaporated to dryness, and the solid residue was
dissolved in the same solution. The metabolites
could then be isolated by TLC as described for
urine samples.

Extraction of serum for metabolism and phar-
macokinetic studies. To 1-ml serum samples, 1 ml
of saturated sodium sulphate solution and 1 mg
of sodium sulphate were added. The samples
were extracted with 2 ml of ethyl acetate. After
centrifugation at 2000 g for 15 min the aqueous
phase was frozen in an acetone—dry ice bath. The
organic phase was evaporated under a stream of
nitrogen. The residue was taken up in 25-50 ul of
hexane or HPLC eluent and several microlitres
were subjected to GC-MS or HPLC. For the
pharmacokinetic study, 150 ng of internal stan-
dard were added to the 1-ml serum samples be-
fore the extraction.

RESULTS AND DISCUSSION

Pharmacokinetic studies in humans

Preparation of calibration curve. The ratio of
the peak area of G to that of the internal stan-
dard (150 ng) was plotted against the amount of
G added to 1 m! of serum samples. The curve was
linear in the range 5400 ng. Triplicate measure-
ments of seven different concentrations were car-
ried out. The mean regression equation obtained
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from three replicate curves was y = 8.45-10%x +
2.56 - 1073 (r = 0.9984). The values of the mean
intercept of the regression line (b value) were in
the range +2%.

Analytical recovery, precision and accuracy.
The absolute recovery was assessed from three
replicate analyses using samples prepared by
adding known amounts of G to human blank se-
rum to give final concentrations of 10, 50 and 100
ng/ml (Table 1I).

The within-day and between-day variations
were examined by analysing the samples pre-
pared by adding G to the plasma at concentra-
tions of 10, 20 and 100 ng/ml (Table III). The
detection limit of G in serum was found to be 3
ng/ml, with a precision of 22.40% and an accu-
racy of —1.00%.

The stability of G in serum was investigated.
Aliquots of serum were spiked with G to concen-
trations of 50, 100 and 300 ng/ml and then stored
frozen at —20°C. At various time intervals (from
1 to 48 days), three samples from each concentra-
tion group were assayed for G as described. The
data generated on days | and 48 revealed no sig-
nificant change in G concentrations.

Our HPLC assay method has been used to
study the pharmacokinetics of G after a single
oral dose of 100 mg of G plus ['*C]-G to humans.
The elimination pattern of G from human serum
displayed a typical two-compartment pharmaco-
kinetic profile (Fig. 1). After a delay of 0.27 +
0.08 h (§.D.) G is rapidly absorbed with a mean
absorption half-life (14) of 0.6 £ 0.31 h (5.D.)
and eliminated with a half-life (z;,25) of 22.2 +
9.70 h (8.D.) after reaching a mean serum level
(Cmayx) of 178 £ 97 ng/ml (S.D.) at a mean time

TABLE 11
ABSOLUTE RECOVERY OF GIRISOPAM

Concentration Recovery (mean + S.D.,n = 3)

(ng/ml) (%)

10.0 60.0 + 15.0
50.0 62.0 + 13.1
100.0 66.3 + 10.2
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TABLE III

WITHIN-DAY AND BETWEEN-DAY PRECISION AND
ACCURACY (n = 3)

Concentration Precision (%) Accuracy (%)

(ng/ml)
Within Between  Within Between
10.0 17.87 21.90 —4.40 - 6.40
20.0 15.46 21.79 —1.75 +0.50
100.0 2.38 5.67 +2.46 +3.10

(tmax) of 2.0 = 0.7 h (S.D.). These serum param-
eters agreed well with those determined by radio-
activity analysis. In that study, after the same
treatment (100 mg of G containing 3.7 MBq of
[}*C]-G), the mean serum Cp,, of 665 £+ 280 ng
equiv./ml (S.D.) occurred at 2.1 £ 0.7 h (§8.D.)
after dosing: the mean #;,;5 was 23.3 = 43 h
(S.D.). Of the orally administered dose, 51 +
9.0% (S.D.) was eliminated in the urine and 33 +
8.0% (S.D.)in the faeces in healthy male volun-
teers. The mean plasma levels of G and ['*C]-G
in humans are shown in Fig. 1.

Metabolism study

Investigation of metabolites in urine. Table 1
shows the retention times of the synthesized me-
tabolites I, II, TII, TV, V, VI, VIII and IX. The
electron-impact (EI) MS data of G and its pos-
sible metabolites synthesized are given in Table
IV. Fig. 2 shows the HPLC chromatogram ob-
tained by on-line analysis of pooled urine sam-

1000
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Tf \E}‘ -0~ girisopam
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14 T T L y —
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Fig. 1. Serum girisopam levels in humans. Each subject received
a single oral dose of 100 mg of G-['*C]-G. Values are mean +
SD.(n=17).
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TABLE IV
E1 MASS SPECTRA OF GIRISOPAM AND ITS METABOLITES

Values are m/z (relative intensity, %).a = M* ;b = [M - R,CN]*";¢ = [M ~ R,CN ~ 'CH,]":d = [M - R,CN - 'CH, - COJ";
e=[b~ A"

Compound MW a b c d e Others

Girisopam 328 328 (100) 287 (30) 272 (28) 244 (18) 176 (14)

1 314 314 (100) 273 (82) 258 (90) 230 (80) 162 (36)

11 344 344 (100) 303 (62) 288 (64) 260 (24) 176 (28)

11 344 344 (100) 287 (37) 272 (24) 244 (12) 176 (11) 31521 M — 'CHOY*

v 342 342 (100) 287 (10) 272 (8) - 176 (12) 313(18) [M — 'CHOJ?
231 (17) ™M — "Ar]?

\Y 358 358 (14) 287 (32) 272(22) 176 (9) 314 (100) [M - 'CO,]*
299 (i4) [M - 'CO, - 'CH,]"

VI 314 314 (100) 287 (24) 272 (18) 244 (11) 176 (6) 313 (22) M - "HIF

VI 330 330 (100) - - - 301 (73) [M — "NLH]*

IX 330 330 (100) 289 (64) 274 (90) 246 (71) 162 (27)

ples of 4-8 h. The radioactive metabolites were
mapped by an HPLC (off-line) radioactivity
method. The compounds detected by radioactiv-
ity are indicated as A, B, C and D in the chro-
matogram of Fig. 2. The sample preparation
method ensured that 89% of the radioactivity ap-
plied to the column was recovered. The cumu-
lative percentage of the ['*C]-G dose recovered
by radioactivity measurements of 1-ml pooled

fime {min]

Fig. 2. HPLC chromatogram of a 1-ml urine sample (after a
100-mg single oral dose of G-{'*C}-G) monitored by (——) UV
and (- —-) radioactive detection. Conditions: mobile phase A,
methanol-0.1 M ammonium acetate buffer, pH 5.8 (3:7, v/v);
mobile phase B, methanol-0.1 M ammonium acetate buffer, pH
5.8 (8:2, v/v). Gradient elution was used: 0 to 12 min, 100% A, 12
to 42 min, from 0 to 100% B: 42 to 47 min, 100% B; and 47 to 52
min, from 100% B to 100% A at a flow-rate of 1 ml/min. The
analytical column was a Polygosil-60 C, ., 10 um, 250 mm x 4
mm [.D. The UV detector was set at 235 nm.

HPLC fractions for assumed metabolites were as
follows: A, 3.8 £ 1.03%; B, 11.9 £ 2.14%:; C,
6.7 £ 1.14%: D, 1.7 £ 0.6%: non-identified me-
tabolites, 3.5 & 1.52%.

As can be seen in Fig. 2, the radioactive com-
pounds A, B and C do not correspond to the
retention time of any synthesized reference com-
pounds (Table I) but peak D appeared with the
same retention time as the reference standard V.
The parent compound G could not be detected in
urine by HPLC. In the TSP mass spectrum of
peak A eluting at 18 min, the ions m/z 377/379
(M + H]") and m/z 359/361 (M + H -
H,0]*) were found, suggesting structure VII
(Table 1) for this metabolite. In the TSP mass
spectrum of peak B eluting at 23 min, the frag-
ment ions m/z 345/347 and 315/317 were present,
indicating the presence of two compounds in this
peak. The m/z 315 and 345 values correspond to
the [M + H]™" ion of compounds 1 and 11, but do
not correspond to the retention times of these
compounds, so we suggest that these compounds
are conjugates. As direct TSP ionization failed to
provide molecular mass information, the FAB-
MS method was used to confirm the structures of
these metabolites.

The compounds from the U/t and U/2 spots
on TLC (Fig. 3A) were isolated and analysed by
HPLC and LC-MS. One of the two radioactive
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Fig. 3. (A) Radio scan of TLC chromatogram from urine extract
following oral administration of 100 mg of G-{**C]-G. (B) Ra-
dio scan of TLC chromatogram from digested urine following
oral administration of 100 mg of G-['*C]-G. The TLC solvent
system was methanol-water (2:1, v/v). The spots U/l, U/2,
UE/l, UE/2, UE/3 and UE/4 were scraped off the plate eluted
with methanol.

peaks obtained from the zone U/1 was eluted at
the same retention time (23 min) as peak B in Fig.
2, and in its TSP mass spectrum the same frag-
ments ions m/z 345/347 were found as in peak B.
The radioactive zone U/1 contained a second
compound, which was eluted with the same re-
tention time as peak C (28 min) indicating that
the TLC method failed to separate these two pos-
sible conjugated metabolites. In the FAB spec-
trum of the isolated zone U/1, the quasi-molec-
ular ion m/z 521/523 confirmed the presence of
hydroxylated G-glucuronide conjugates. The
compound isolated from the radioactive zone
U/2 was eluted at the same retention time (23
min}) and gave the same ions m/z 315/317 in the
TSP mass spectrum as the HPLC peak B. In its
FAB mass spectrum the quasi-molecular ion m/z
491/493 appeared, indicating the presence of a
demethyl G-glucuronide derivative (I-glucuro-
nide). It should be noted that in the FAB method,
when using a glycerol-m-nitrobenzylalcohol ma-
trix, the isolated glucuronides gave [M + 2Na]*
quasi-molecular ions: m/z 565/567 for sample
U/1 and m/z 535/537 for sample U/2. To obtain
the [M + H]" ions H3PO4 was added to the ma-
trix, resulting in partial hydrolysis of the conju-
gates giving the unconjugated quasi-molecular
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ions m/z 345/347 for U/l and m/z 315/317 for
U/2.

To obtain the free metabolites the HPLC frac-
tion B was hydrolysed with fS-glucuronidase—
arylsulphatase and chromatographed. On the
HPLC chromatogram two peaks appeared with
retention times of 34 and 31 min, respectively,
identical with those of compounds I and II (Ta-
ble I). The digested urine sample was subjected to
TLC (Fig. 3B). The compound isolated from spot
UE/1 eluted at the same retention time as metab-
olite I in the HPLC system and one of the com-
pounds observed by on-line LC-MS analysis of
the digested peak B. In its EI mass spectrum the
molecular ion at m/z 314/316 and fragment ions
at mjz at 273/275, 258/260, 230 and 162 suggest
structure I (Table IV).

The main EI-MS fragmentation pattern of G

“and compounds -1V and IX is depicted in Fig. 4,

and the LC-MS data for G and its metabolites
are given in Table V. The compound isolated
from spot UE/2 (Fig. 3B) eluted at the same re-
tention time (32 min) as one of the peaks ob-
tained by on-line TSP LC-MS and HPLC analy-
sis of digested peak B. In its TSP mass spectrum
the quasi-molecular ion [M + H]* (m/z 345/347)
appeared in accordance with structure 11, which
was confirmed by its EI mass and 'H NMR spec-
tra. The presence of ions m/z 344/346, 303/305

Fig. 4. EI-MS fragmentation of metabolites -1V and 1X.
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TABLE V
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TSP MASS SPECTRAL DATA FOR GIRISOPAM AND ITS METABOLITES

Compound MW m/z (relative intensity, %)
M+ Hf Other ions
Girisopam 328 329 (100)
1 34 315 (100)
Il 344 345 (100)
111 344 345 (100) 343 (70)
1A% 342 343 (100)
\Y% 358 359 (60) IS (100) M + H — CO,J*
VI 376 377 (80) 359 (100) [M + H — H,0]*
VI 330 331 (100)
X 330 331 (100)
111-Glucuronide 520 521 (20)

343 (20)

345 (100) [M + H-glucuronide]*

“ Metabolite 111 is converted into metabolite 1V at the interface tempcerature.

and 176 (Table 1V) indicated hydroxylation on
the chlorophenyl ring. The pattern of aromatic
protonsin the 'H spectrum of the isolated metab-
olite was identical with that of compound II,
which indicated 4'-hydroxyl substitution.

The peak C obtained by on-line analysis of
urine eluted at 28 min (Fig. 2) was examined by
LC-MS. In its TSP mass spectrum the fragment
ions m/z 345/347, 343/345 and the assumed qua-
si-molecular 1on m/z 521/523 were found, which
indicates that this compound is a hydroxylated G
derivative in glucuronide form, probably the glu-
curonide of I11. However, when fraction C was
digested and analysed by HPLC and TLC, more
peaks and spots appeared on the chromato-
grams, revealing the degradation of compound
HI during the digestion procedure. The com-
pound isolated from the radioactive zone U/l
eluted at the same retention time (28 min) as
compound C (Fig. 2), and the ions m/z 345/347,
343/345 and 521/523 appeared in its TSP mass
spectrum, indicating the presence of the glucuro-
nide of III.

In the TSP mass spectrum of peak D, eluting at
31 min (Fig. 2), the quasi-molecular ion m/z 359/
361 and a fragment ion [M + H — CO,]" (m/z
315/317) were detected. On the basis of TSP mass
spectrum and retention time, peak D is identical

with the synthesized compound V (Table I).
The compound of the radioactive zone UE/4
eluted with an identical retention time in the
HPLC system as metabolite V. The presence of
the quasi-molecular ion m/z 359/361 and the
fragment ion n2/z 315/317 in its TSP mass spec-
trum also proved the structure of metabolite V.
The compound isolated from the radioactive
zone UE/3 showed a retention time of 28 min in
HPLC, and a quasi-molecular ion m/z 331/333 in
its TSP mass spectrum suggests the structure 1X.
The synthesized compound IX gave the same
chromatographic and MS data as metabolite [X.
GC was used to find minor metabolites in
urine. In Fig. 5, a gas chromatogram obtained
from a blank urine extract and from an extract of
a urine sample containing G metabolites are
shown. The latter shows peaks X, and X, at 9
and 18 min, respectively. In GC-MS (Fig. 6) the
ions m/z 330/332 and 301/303 were detected for
the peak at 18 min. According to high-resolution
mass measurements this loss of 29 mass units cor-
responds to *N;H, suggesting structure VIII for
this metabolite. Compound VIII was synthetized
and analysed by GC and GC-MS. The synthetic
compound VIII gave identical chromatographic
and MS data (Table IV) as metabolitc X;. The
GC retention time of metabolite X; was found to
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Iy L § 1 1 20 min{time)
Fig. 5. (—-) GC of urine extract following oral administration

of G-{"*C}-G (4-8 h): (— — —) GC of the extract of a blank urine
on 4 2% OV-225 column at a flow-rate of 50 ml/min at 225°C.
Injection and detector temperatures were 250 and 300°C, respec-
tively.

be identical with that of compound III. The rela-
tive amounts of the urinary metabolites are listed
in Table VI.

Investigation of metabolites in serum. Fig. 7
shows the HPLC chromatogram of the extract of
a serum sample obtained at 1.5 h from a subject.
The serum extract contains the same radioactive
peaks as the undigested urine samples (Fig. 2). In
LC-MS the same tons were monitored as for the
metabolites found in urine. The compounds ap-

%11
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60
L0 ?32

] 303
10

. ||L| '“l 'IJll
250 300 350 M2

Fig. 6. GC-MS spectrum of metabolite VIII from urine extract
on 3% OV-1 at 240°C. Injector temperature, 240°C; electron en-
ergy, 70 ¢V; multiplier voltage, 3000 V.
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TABLE V1

RELATIVE AMOUNTS OF THE METABOLITES IN
URINE

Compound Structure Percentage of metabolite
A Vil 13.6
B I conjugate 22.7
II conjugate 20.2
C I conjugate 24.2
D v 6.1
VIII 14

11 1“

Unidentified conjugated
compounds and the IX conjugate ca. 11.6

“ The radioactivity chromatography method was not sensitive
enough for detection of this metabolite.

pearing at 18, 23 and 28 min were assigned the
structures VII, I + II conjugated and III conju-
gated, respectively.

A less polar radioactive component E was also
found in serum samples. In the TSP spectrum of
the HPLC peak at 34 min the tons m/z 345/347
and 343/345 occur, but the retention time of this
compound was different from that of metabolite
11. The compound was thought to be a G metab-
olite hydroxylated at the C-4 methyl group (me-
tabolite 111). The HPLC fraction containing peak
E was analysed by GC and gave a major peak
with the same retention time (9 min) as com-
pound X, in urine (Fig. 3).

Compound III was also synthesized and
showed the same retention time as X; in both GC

400 -

G e e e '

0 10 20 30 &0 50

time [min]

Fig. 7. HPLC of | ml of serum monitored by (——) UV and
(- - —) radioactive detection. For HPLC conditions see Fig. 2.
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and HPLC. However, in the GC-MS spectrum
of X; (Fig. 8) and the synthetic compound III a
molecular ion of m/z 342/344 was found instead
of the expected m/z 344/346. Compound IV (Ta-
ble I) gave identical GC and GC-MS data to me-
tabolite X; (¢f. 111, peak E). This can be ex-
plained by thermal degradation of 111 to IV in the
injector block of the gas chromatograph. The be-
haviour of metabolite X; and compound 111 is
also similar in solution. After standing in metha-
nol for a short period, both gave a new GC peak
at 18 min corresponding to a compound that was
also found in urine (X,, compound VIII). On the
basis of the above data, peak E in the HPLC
chromatogram (Fig. 7) of human serum and peak
X1 on the chromatogram of human urine (Fig. 5)
is metabolite I11 (also denoted by X). The com-
pound eluted at 38 min (Fig. 7) proved to be the
parent compound, G, by its retention time and
the 1ons of m/z 329/331 1in its TSP spectrum.
Investigation of metabolites in faeces. Radio-
TLC of a digested faeces sample showed three
main spots: F/0 (Rr = 0.35), F/1 (Rr = 0.45),
and F/2 (Rr = 0.55). The mass spectrum of the
compound isolated from F/0 proves the presence
of the parent compound, G, in faeces. The com-
pound isolated from zone F/l eluted in the
HPLC system with the same retention time as
metabolite I, and the ion m/z 315/317 in its TSP
mass spectrum proved the presence of metabolite
1. The isolated compound from zone F/2 was
analysed by LC-MS, ions m/z 315/317 and 345/

Rl
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Fig. 8. GC-MS spectrum of metabolite 11T (X,). For GC-MS
conditions see Fig. 6.
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Fig. 9. Pathways of girisopam metabolism in humans.

347 showing that two compounds were present:
metabolite 11 and a small amount of metabolite 1.
The presence of metabolite 11 was confirmed by
EI-MS.

In these experiments the following four meta-
bolic routes have been observed (Fig. 9): (A) de-
methylation of the ether group at position C-7;
(B) hydroxylation of the aromatic ring at posi-
tion C-4"; (C) combination of A and B; and (D)
enzymic oxidation of the methyl group at C-4
position.

Major metabolites are formed in routes A and
B (1 + II). Metabolite IX, formed in route C.is a
minor one. Most of the metabolites formed in
route D (ILI, V, VII and VIII) are relatively un-
stable.
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