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Abstract—The effects of the d-, d/- and /-isomers of the water-soluble benzodiazepine. oxazepam sodium
hemisuccinate. on cyclic AMP levels in superfused slices of guinea-pig and rat cerebral cortex were
investigated. At 100 uM these drugs decreased the accumulation of cyclic AMP elicited by adenosine in a
manner closely correlated to their stereostructure and relative anticonvulsant and anxiolytic potencies in vivo.
The drugs inhibited uptake of low concentrations of radioactive adenosine into the slices in a similar manner.
Addition of theophylline or adenosine deaminase to the superfusion medium sharply decreased both cyclic
AMP basal levels and levels elicited by the d-isomer. suggesting mediation by adenosine of the effects of
benzodiazepines on cyclic AMP and hence their psychotropic action.

The actions of benzodiazepines on accumulation of
cyclic AMP in guinea-pig cerebral cortex slices were
studied by Schultz [1]. who observed both a 100 per
cent increase in basal levels and potentiation of the
actions of histamine, noradrenaline and adenosine. Re-
cently, specific high affinity binding sites for
[*H {diazepam, suggesting the presence of benzodiaze-
pine receptors, have been discovered in mammalian
brain {2, 3] and although some evidence points to an
interaction between these receptors and GABA [4] the
localisation of the binding sites does not coincide with
that of GABA receptors [2] and a search for other
mechanisms of action of the benzodiazepines seems
justified. In the present study the effects of enantiomers
of the water-soluble compound oxazepam sodium hemi-
succinate, which have differing pharmacological poten-
cies in vivo, on basal and adenosine-stimulated cyclic
AMP levels in guinea pig brain slices have been studied.

*Present address: Institute of Pharmacology, Faculty of
Pharmacy, University of Trieste. via A Valerio 32, 34100-
Trieste, Italy.

MATERIALS AND METHODS

Cerebral cortical slices were prepared from guinea
pigs and Wistar rats, incubated and superfused in glu-
cose-bicarbonate saline as described by Pull and Mc-
Ilwain [5], except that the medium contained 2.6mM-
CaCl,. Incubation was for 30 min and superfusion for a
further 20 min, at the end of which the slices were
released into 0.32 M sucrose and homogenised in 1 m}
5% trichloroacetic acid. In uptake experiments, the
slices were incubated with 1 uCi [2-*H]adenosine to
give a final concentration of 0.4 uM, for 20 min after
superfusion before being released into sucrose.

Determination of cyclic AMP and K in tissue ex-
tracts and measurement of radioactivity were as de-
scribed by Newman and Mcllwain [ 6], and lactate in
collected superfusate media was measured by a fluori-
metric method [5]. Cyclic [8-*HIAMP (30 Ci/m-
mole) and [2-°H ladenosine (23 Ci/m-mole) were ob-
tained from the Radiochemical Centre, Amersham,
Bucks, U.K., and adenosine deaminase from Boehrin-
ger Corp. (London) Ltd.. Lewes. Sussex. U.K. The d-. I-

Table 1. Effect of different concentrations of d-oxazepam sodium hemisuccinate (RYV 1208)and of a single concentration of the
dl- and [-isomers on levels of cyclic AMP in rat cerebral cortical slices

Cyclic AMP,

Concentration of

pmoles/mg protein

Adenosine. 0.1 mM

benzodiazepine, mM d-1somer dl-Isomer {-Isomer +d-Isomer
0 240+ 48 (9) 42.5 + 10.7* (6)
0.1 304 +4.7% (7) 49.6 + 7.5*% (4)
0.15 26.5+ 5.0 (3) 24.5+ 4.1 (3) 17.6 + 4.6 (3)
0.5 39.0 + 8.6* (4)
~LO 45.9 + 10.0* (4)

Slices were incubated for 30 min and superfused for 20 min as described in Materials and Methods. Values are mean +S.D. of
the number of observations given in parentheses. * Significantly (P < 0.025) different from control values Student’s ¢ test.
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Table 2. Effect of d-, d!- and -isomers (RV 1208, RV 1206, RV 1210) of oxazepam
sodium hemisuccinate on levels of cyclic AMP in cerebral cortical slices from guinea
pig in the presence and absence of 0.1 mM aderiosine

cyclic-AMP, pmoles/mg. protein

Drugs (0.1 mM)

No adenosine

Adenosine (0.1 mM)

None 13.5 + 5.1 (10) 229.8+ 57 (8)
d-Isomer 28.2+4.2* (3) 2019 + 34.1 (6)
dl-Isomer 154+ 03 (3) 145.0 + 21.6% (5)
I-Isomer 142+ 1.5 (4) 107.8 + 41.67 (3}

Slices were incubated for 30 min and superfused for 20 min as described in
Materials and Methods. Values are mean + S.D. of the numbers of samples given in
parentheses. * Significantly (P < 0.0025) different from control values by Student’s #
test. T Significantly (P < 0.01) different from control and d-isomer values obtained

in the presence of adenosine.

and dl-isomers of oxazepam sodium hemisuccinate
(RV 1208, RV 1210 and RV 1206 respectively) were
kindly supplied by Professor P. Fresia, Ravizza, Milan
and solutions were made up fresh daily in glucose—
bicarbonate saline. Stability of the compounds was
assessed by measuring the absorption of 25 uM solu-
tions at 235 nm, using a Unicam SP 800 spectrophoto-
meter. There was no change in absorption of any of the
compounds after 20 min incubation, whereas in the
presence of 0.1 M NaOH, absorption was decreased by
12 per cent in 2 hr.

RESULTS

Basal levels of cyclic AMP in incubated slices were
increased by superfusion with the d-isomer of oxaze-
pam sodium hemisuccinate (0.1 mM) in both rats and
guinea-pigs, but were unaltered by the /- or dl-isomers
(Tables 1 and 2). The effect of the d-isomer in rats was
concentration-dependent. When 0.1 mM adenosine
was included in the superfusion medium, cyclic AMP
levels were approximately doubled in rat slices and
increased 17-fold in guinea-pig slices. These increases
were maintained in the presence of the d-isomer (stud-
ied in rat and guinea-pig slices) but reduced in the
presence of the other two isomers (studied in guinea-pig

Table 3. Effect of d-, d/- and /-isomers (RV 1208, RV 1206,

RV 1210) of oxazepam sodium hemisuccinate on uptake of

low concentration of {*H Jadenosine in guinea-pig cerebral
cortical slices

Drugs (0.1 mM) nCi/g tissue % inhibition
None 1658.8 + 48.2 (4)

d-Isomer 1367.2 + 73.9*% (4) 17.6%
dl-Isomer 1435.6 + 172.51 (4) 13.5%
[-Isomer 1530.3 + 164 (&) 7.7%

Slices were incubated for 30 min and superfused for 20 min
before addition of 1u Ci [2-*Hladenosine containing
2 nimoles in a volume of 120 ul, giving a final concentration of
0.4 uM. The slices were incubated for a further 20 min before
being homogenised as described in Materials and Methods
and 0.2 ml of the supernatant counted in duplicate. Values are
mean + S.D. of the numbers of samples given in parentheses.

* Significantly (P < 0.0005) different from control values
by Student’s  test. T Significantly (P < 0.05) different from
control values by Student’s ¢ test.

slices only, Table 2). Under the same conditions neither
the K* contents of the tissues nor their lactate outputs
were altered. K" was 50.5 % 6.1 peq/g in control incu-
bations (mean + S.D. of 4 values)and 50.9 +.0.5 ueq/g
after superfusion with 0.1 mM l-isorier whereas in the
presence of 0.1 mM adenosine and 0.1 mM d-isomer
levels were 56.7 + 3.6 ueq/g as. compared to
60.1 + 2.5 ueq/g in the presence of adenosine alone.
Lactate output was 30.3 + 5.6 umoles/g/hr in control
incubations and 29.1 + 6.6 umoles/g/hr in the pres-
ence of [-isomer (mean + S.D. of 6 values). All three
isomers inhibited uptake of [*Hladenosine into the
tissues (Table 3), the order of potency corresponding to
the cyclic AMP levels obtained with the compounds-in
the presence of adenosine.

Both theophylline and adenosine deaminase dimin-
ished basal cyclic: AMP levels in control tissues (Table
4). When d-isomer was added to the superfusion me-
dium, cyclic AMP levels obtained with theophylline
were significantly increased, while with adenosine de-
aminase there was no change.

DISCUSSION

The stimulant actiens of benzodiazepines on cyclic
AMP levels in brain slices have been explained by
inhibition of phosphodiesterases and inhibition of up-
take of low concentrations of adenosine |1.7]. The
unexpected decrease in adenosine:stimulated - cyclic
AMP levels brought about by the three stereoisomers
observed in the present work is probably connected
with their water solubility. Some degree of lipophilicity
is necessary for a compound to bean effective phospho-
diesterase inhibitor [ 11, as shown also by the failure of
theophylline to elevate cyclic AMP levels. (Table 4),
due to its inability to penetrate cell membranes and
reach the phosphodiesterase sites. Similarly.inrat brain,
the water-soluble compound chlordiazepoxide was
only one-third as active as diazepam as a phosphodies-
terase inhibitor [8]. The relative decreasés in cyclic
AMP ‘accumulation elicited by adenosine brought
about by the three isomers paralleled-their stereostruc-
ture, indicating a stereospecific interaction with benzo-
diazepine receptors.- The d- and [-isomers have been
shown to have different potencies in displacing
[*H ldiazepam from crude synaptosomal membranes of
rat brain, the d-isomer being 10 times as effective as the
[-isomer in producing 50 per cent inhibition of binding



Stereospecific influence of oxazepam hemisuccinate

Table 4. Effects of theophylline and adenosine deaminase on cyclic AMP
levels elicited by d-oxazepam sodium hemisuccinate (RV 1208) in guinea-pig
cerebral cortex slices

Cyclic AMP, pmoles/mg protein
Adenosine

Drugs Theophylline. 0.5 mM deaminase. 10 pg/ml
None 38+03 (4 4.7+ 0.8 (4)
d-Isomer, 0.1 mM 6.6 +0.9* (4) 5.6 +0.8 (3)

Slices were incubated for 30 min and superfused for 20 min as described in
Materials and Methods. Control incubations without any addition to the media
under the same conditions gave cyclic AMP values of 13.5 + 5.1 pmol/mg
protein (see Table 1). Values are mean + S.D. of the numbers of samples given
in parentheses. * Significantly (P < 0.0025) different from control values by
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Student’s ¢ test.

[9). The different activities of the oxazepam hemisuc-
cinate isomers on both basal, as determined on rat and
guinea-pig slices, and on adenosine-stimulated cyclic
AMP levels. are also consistent with their reported
differential anticonvulsant activities, potentiation of
narcosis, spontaneous motor activities and muscle re-
laxant activities in animals [ 10]. and anxiolytic activi-
ties in man [ 11]. The difference between the relative
potencies of the isomers in vitro and in vivo may be due
to some degree of hydrolysis by a soluble stereospecific
esterase which renders the compounds optically inac-
tive [ 12]. but under the conditions of the present study
there was no change in the stability of the compounds.
The three isomers also had differential effects in inhibit-
ing the uptake of low concentrations of adenosine. the
order of potency of the compounds following their
affinities for the receptor. Binding of benzodiazepines
could therefore lead to changes at the cell membrane
and result in different availabilities of extracellular
adenosine, which is responsible for activation of the
adenosine-sensitive adenylate cyclase [7, 13]. The d-
isomer, which is the most potent inhibitor of adenosine
uptake and also produced highest cyclic AMP concen-
trations both with and without added adenosine, was
completely ineffective in the presence of adenosine
deaminase. In the presence of theophylline, which is an
antagonist of the adenosine-sensitive adenylate cyclase
but does not inhibit adenosine uptake [ 71, the level of
cyclic AMP produced by the d-isomer was significantly
less than that obtained in basal conditions, but was
nevertheless greater than produced by theophylline
alone. The present results therefore suggest that interac-

tion of benzodiazepines with their stereospecific recep-
tor sites may be coupled to changes in activity of the
adenosine-sensitive adenylate cyclase system. and
adenosine may be the endogenous molecule mediating
at least in part the actions of these drugs.

Acknowledgements—We thank Professor H. Mcllwain for
encouragement and support. Dr U. Traversa is grateful to the
Royal Society and to Accademia dei Lincei for award of an
exchange fellowship.

REFERENCES

1. J. Schultz, J. Neurochem. 22, 685 (1974).
2. C. Braestrup and R. F. Squires. Proc. Natn. Acad. Sci.
U.S.A. 74. 3805 (1977).
3. H. Mohler and T. Okada, Life Sci. 20. 2101 (1977).
4. J. F. Tallman, J. W. Thomas and D. W. Gallager. Naiure,
Lond. 274, 383 (1978).
5. L. Pull and H. Mcllwain, Biochem. J. 136, 893 (1973).
6. M. Newman and H. Mcllwain, Biochem. J. 164. 131
(1977).
7. H. D. Mah and J. Daly, Pharmac. Res. Commun. 8, 65
(1976).
8. B. Beer. M. Chasin. D. E. Clody, J. R. Vogel and Z. P.
Horovitz, Science 176, 428 (1972).
9. J. L. Waddington and F. Owen. Neuropharmacology 17.
215 (1978).
10. L.de Angeleis, M. Predominatoand R. Vertua., A rzneimit-
tel-Forsch. 22, 1328 (1972).
11. M. Lescovelli, A. Castellani and D. Perbellini, Arzneimit-
tel-Forsch. 26, 1623 (1976).
12. M. Salmona, C. Saronio, R. Bianchi, F. Marcucci and E.
Mussini, J. Pharm. Sci. 63. 222 (1974).
13. M. Huang and J. W. Daly. Life Sci. 14. 489 (1974).



