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contract tile activity of pyrimidine nucleotides. These
results suggest that the cerebral arteries of the dog can
be stimulated to contract by UTP and UDP, presum-
ably, through interaction with a tissue component or
receptor system which appears to be complementary to
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the uracil part and to the phosphate chain (2 or 3 Phos.
phates in length) of the pyrimidine nucleotide molg,
cule.
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Monoamine oxidase inhibitory properties of 5-hydroxymethyl-3-
m-tolyloxazolidin-2-one (toloxatone)

J. P. Kan*, A. MALONE, M. STROLIN BENEDETTI, Centre de Recherche Delalande, 10, rue des Carrirées, 9250

Rueil-Malmaison, France

This paper reports on the monoamine oxidase (MAO,
EC 1.4.3.4.) inhibiting properties in vitro and in vivo, of a
new oxazolidin-2-one derivative with antidepressant
activity in animals (Gouret, Mocquet & others, 1977)
and potential clinical efficacy in man (Martin, 1973).
A comparison has been made with clorgyline, a specific
inhibitor of MAO A (Johnston, 1968) and (+)-deprenyl,
a specific inhibitor of MAO B (Knoll & Magyar, 1972)
(for a review see Houslay, Tipton & Youdim, 1976).

CHy 0

In vivo studies. Male Charles River rats, 125-150 g,
were injected intravenously with drugs dissolved in
saline and decapitated at preselected times after
administration (Fig. 3). Their brains were rapidly
removed and homogenized (Ultraturrax) in 10 volumes
(w/v) of ice cold 0-2 m phosphate buffer pH 7-40. MAO
activity was measured using “C-5-HT ({2-*C]-5-
hydroxytryptamine creatinine sulphate, 0-43 n.Ci, speci-
fic activity 54-58 mCi mmol-*, the Radiochemical
Centre, Amersham) or “C-8-PEA ([1-**C]-B-phen-
ethylamine hydrochloride, 0-39 pCi, specific activity
51 mCi mmol~!, New England Nuclear) as substrates
according to a procedure adapted from Wurtman &
Axelrod (1963). Briefly: samples (05 ml) of brain
homogenates were incubated at 37° in air with 0-45 ml
of phosphate buffer and 0-050 ml of *C-5-HT or **C-
B-PEA. Incubation times were respectively 10 and
5 min when MAO activity was linear with respect to
both time and protein concentration. Then, 0-2 mlof 4 N
HCl and 7 ml of toluene was added to each tube which

* Correspondence.

was mechanically shaken (10 min) and centrifugeq
(3000 g, 5 min). Four ml of the upper organic phase wag
counted in 10ml of a scintillation mixture of 25.
diphenyl oxazole (PPO) in toluene (0-47;, W/v). The
blank was boiled homogenate. Protein was measureq
according to Lowry, Rosebrough & others (1951), with
bovine serum albumin as a standard.

For the measurement of concentrations of toloxatone
and its metabolites in brain, groups of 3 rats were
injected with the drug labelled with ¥C in the carbonyl
group (50 mg. kg, 20 uCi, specific activity §mCi
mmol~!, ICN Pharmaceuticals) and killed 5, 30, 60, 120
and 240 min later. Brains were rapidly removed,
frozen at —20° and lyophilized. Samples (50 mg) were
combusted in an oxidizer, the *CO, absorbed in a
scintillation mixture of methanol-toluene—phenethyl-
amine-bidistillated water (22:40:33:50 v/v) con-
taining PPO (0:4 %), and the radioactivity measured by
liquid scintillation counting.

In vitro srudies. The specificity of the MAO inhibitory
(MAOI) effect of toloxatone was compared in vitro
with clorgyline HCl (M & B) and (4)-deprenyl HCL
Aliquots (0-5 ml) of whole rat brain homogenates in 10
volumes (w/v) of 0-2 M phosphate buffer pH 7-40 were
preincubated at 22° for 15 min with various concen-
trations of MAO inhibitors in a total volume of 0-95 ml
MAO activity was assayed as already described using
uC.5.HT or “C-8-PEA and the per cent inhibition
plotted against inhibitor concentration using the 10§
probit representation. In these conditions, the concen®
tration of a particular inhibitor producing 507%
inhibition of MAO activity (IC 50) with either 5-

or S-PEA as substrate, was determined graphica“Y.-

Kinetic parameters (Michaelis constant, Km; maxl
velocity Vmax; inhibitory constant, Ki) of MAO
inhibition by toloxatone were determined from double
reciprocal plots using rat brain stems rapidly dissect
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FIG. 1. Comparative effects of toloxatone (A), clorgy-
{ine (@ and (£:)-deprenyl (W) on both type A and B
onoamine oxidase activities on rat brain. Log probit
lots of in vitro inhibition (%) of MAO activity
glith 5-HT ( ) or B-PEA (----) as substrate.
Aliquots of rat brain homogenates (7-48 mg protein)
were incubated with 8:62 um MC-5-HT or 9-40 um
1C-B-PEA as described in the text. Without inhibitor,
the amount of deaminated products was 1-93 -+ 0-04
amol and 3-96 4- 0-02 nmol for 5-HT and B-PEA
ectively. Ordinate: enzyme inhibition (%). Abscissa:
Log [inhibitor] (M).

at 4° according to Glowinski & Iversen (1966) and then
pomogenized in 20 volumes of 0-2 M phosphate buffer

H 7-40. For Km and Vmax, samples (0-1 ml) were
incubated 20 min at 37° with *C-5-HT, 8-38 pwm, in the
absence or presence of drug (10 um). For Ki, samples
were incubated in the same conditions with drug
0-5-3 x 10-% M, in the presence of 25 or 49 pMm4C-5-HT.
The final volume was always 1-0 ml. The reaction was
linear with both time and protein concentration. At the
end of the incubation 0-2 ml of 4 N HCI was added and
deaminated metabolites extracted. Enzyme velocity was
expressed in pmol 1*C-5-HT catabolized in 20 min. For
each representation the curve of best fit was obtained by
linear regression analysis.

Reversibility of the MAOI effect of toloxatone was
studied in brainstems from 5 rats, pooled and homo-
genized in 20 volumes of 02 M phosphate buffer pH
740 containing EDTA 1 mM. Homogenate (5 ml) was

Table 1. Substrate preferences of toloxatone and
selected MAO inhibitors. Concentrations of inhibitor
producing 509 inhibition of the oxidation of the
Substrate by rat brain homogenates (IC 50) were
obtained from log probit plots. The ratios represent the
Concentration of a particular inhibitor producing 50 %,
Inhibition of MAO with B-PEA as substrate divided by
Concentration of the same inhibitor producing 50%
Inhibition of MAO with 5-HT as substrate.

——
IC 50 (M)
Inhibitor Ratio
5-HT B-PEA
Toloxatpne 14 x 10-% 20 x 104 143
orgyline  1-8 x 10~ 22 x 10-5 1222
>-Deprenyl 6:5 x 10~% 26 x 10-° 0-004
\
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incubated 15 min at 22° without (control) or with
toloxatone (5-0 x 10-% M) or clorgyline (5:0 x 10~ m).
The final volume was 10 ml; MAO activity was then
monitored as before using 0-2 ml of each homogenate.
After dialysis (18 h at 4°) against 100 volumes of
phosphate buffer 0-02 M pH 7-40, EDTA 1 mM, MAO
activity was similarly estimated.

Fig. 1 shows the effect of toloxatone on the deamina-
tion of ¥4C-5-HT and **C-8-PEA by brain homogenates;
with C-5-HT as substrate, the molar concentration
producing 509 inhibition (IC 50) was 14 x 10~% M.
In similar conditions, clorgyline was 100 times more
potent as an inhibitor of MAO A (IC 50 = 1-8 x
108 M). With 4C-B-PEA as substrate, deamination was
inhibited by much higher molar concentrations of drug
(IC 50 = 2-0 x 10~ M). With the same substrate (+)-
deprenyl showed much stronger MAO inhibiting
properties (IC50 = 2:6 x 10®mM). The ratio IC50
B-PEA/ICS50 5-HT calculated for each compound
(Table 1) shows toloxatone to preferentially inhibit type
A enzyme although less selectively than clorgyline.

The kinetics of MAO inhibition in vitro with rat brain
stem (an area containing mostly type A MAO activity,
Suzuki & Yagi, 1976) were measured with *C-5-HT as
substrate. MAQ activity was non-competitively inhibi-
ted (maximal velocity was decreased by 809%) by tolo-
xatone (10 pm), with apparent Ki value of 4-8 uMm
(Dixon’s determination; Fig. 2 B).

Fi1G. 2. In vitro effect of toloxatone on type A MAO
activity of the rat brain stem. A. Double reciprocal plot
of MAO activity vs *C-5-HT concentrations. MAO
activity was estimated with various concentrations of
14C-5-HT (8; 16; 24; 38 uM) in the absence () or in the
presence (@) of toloxatone (10 pM). The velocity V is
expressed in pmol of 1#C-5-HT catabolized in 20 min in
the presence of 0-1 ml of rat brain stem homogenate
containing 0-250 mg of protein. Each point is the mean
of four determinations. Ordinate: 1/V x 10=2 pmol—1.
Abscissa: 1/[14C-5-HT} x 10-2 um~L, B. Dixon plot of
the inhibition of MAO activity by toloxatone. MAO
activity was estimated with two different concentrations
of *C-5-HT : 25 (@) and 49 pM (H) in the presence of
various concentrations of toloxatone. Each point is the
mean of four determinations. Ordinate: 1/V x 1072
pmol-!. Abscissa: [toloxatone] (M). Arrow: Ki=
0-48 x 1075m.



192

.

100

10

b&"/‘\o

1 1 — 1

180 0 60

1 R L
0 60 180
Fic. 3. In vivo effects of toloxatone and clorgyline on
type A and B MAO activities in rat brain. A. Time
course inhibition (%) of MAO activity (left hand
ordinate) using either 14C-5-HT (W) or *C-5-PEA (@)
as substrate. Groups of 3 rats were injected with saline
(control groups) or toloxatone (50 mgkg™!) by the
intravenous route (i.v.) 3, 5, 10, 15, 30, 60 and 240 min
before death. Then, form A and B MAO activities
were estimated. Each point is the mean of three rats.
Total radioactivity (toloxatone + metabolites), express-
ed as pg equivalent to the unchanged drug g~* of fresh
tissue (also left hand ordinate and same intervals) was
measured after administration of 20 xCi of toloxatone
(50 mg kg%, iv.)) (--X—-- In control groups,
099 + 003 and 2:82 + 0:09 nmol of deaminated
metabolites were produced with respectively 7-80 uM
5-HT and 84 um B-PEA. Abscissa: Time (min).
B. Time course of MAQ activity inhibition with either
1C.5-HT (M) or “C-B-PEA (@) as substrate after
single administration of clorgyline (2 mg kg~?, hydro-
chloride, i.v.). Experimental conditions as in A. In
control group 1:44 + 0-015 and 2-98 4- 0-07 nmol of
deaminated metabolites were produced with respectively
5-HT (8:0um) or B-PEA (7-60 uM) as substrate.
Ordinate: % inhibition of MAO. Abscissa: Time (min).

The results of the in vivo experiments suggested that
toloxatone possesses relatively specific type A MAOI
activity. The time course of MAO inhibition with
either “C-5-HT or #C-8-PEA as substrate is shown in
Fig. 3A. A correlation was found between the rate of
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recovery of MAO activity (**C-5-HT as substrate) an,
the disappearance of the compound and its metabpy);
as determined by brain total radioactivity measyy,
ments in rats treated with *C-toloxatone. But a5 th
drug inhibition is reversible and dilution occurs ig ¢
homogenization procedure, the extent of inhibitigy of
MAO can not be precisely assessed. In Contray
clorgyline (2 mg kg™, i.v., single dose) completg),
inhibited type A MAO up to 4 h after administration
(Fig. 3B). In these conditions, 8-PEA deamination Wwag
slightly inhibited (7 to 10%) and remained Constap
until the fourth hour. Maitre, Delini-Stula & Waldmeiet
(1976) have demonstrated that clorgyline (10 mg kg~
s.c.) inhibited rat brain MAO A activity irreversibl;
with a half time inhibition of 12 days.

Our results demonstrate that toloxatone acts ag a
reversible MAOQO inhibitor both in vivo and in Vitrg.
after dialysis, the MAO inhibitory activity of toloxamn;
in the rat brain stem was markedly decreased (~65°/°)
In contrast, the inhibitory effect of clorgyline remaine.i
unchanged.

Metabolic studies in two different mammaligg
species as well as in man have demonstrated that toloxa.
tone is extensively metabolized (Malnoé¢ & Strolip
Benedetti, 1975). In the rat brain, at least two hydroxy.
phenyl derivatives as well as the unchanged drug haye
been identified. In some in vitro experiments on rat
brain homogenates, unlabelled MAO substrates and
labelled toloxatone have been used to demonstrate by
t.l.c. that only unchanged drug and no metaboliteg
were present. It is clear therefore that, the in vitro MAQ
inhibiting properties of toloxatone are due to unchanged
drug. However, in vivo a possible interaction of brain
metabolites with the enzyme cannot be ruled out.

The authors thank Mr J. P. Defaux and Miss H.
Reure for their skilful technical assistance and Prof. J.,
Knoll (Sommelweiss University, School of Medicine,
Budapest, Hungary) for the gift of (4-)-deprenyl.
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