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Analysis of the displaceable binding of the hypotensive drug R 28935 in rat brain

(Received 25 May 1982; accepted 23 July 1982)

A number of reports describe the pronounced hypotensive
activity of R 28935, the racemic mixture of erythro 1-{1-
[2-(1,4- benzod10xan—2—yl)-2 hydroxyethyl]-fl- piperidyl}-2
benzimidazolinone (Fig. 1) in various animal models [1-
7]. The hypotensive effect of R 28935 is probably of centrai
nervous origin and stereospecific, since the threo form R
28914 is much less potent [2,4,5,7, 8] The central mech-
anism via which R 28935 induces hypotension is still
unknown. The involvement of central a~adrenoceptors has
been considered unlikely based on the observations that
a-adrenoceptor-blocking agents, like yohimbine and pipe-
roxan [2-4, 6] or phentolamme and tolazoline [1], were
ineffective in inhibiting the hypotensive action of R 28935.
However, it was found subsequently that the selective
antagonist of a-adrenoceptors prazosin [9] strongly dimin-
ished the hypotension induced by R 28935 (7,10, 11]. As
a consequence thereof, central ¢s-adrenoceptors have been
suggested to play a role in the mechanism of action of R
28935. Although R 28935 possesses affinity for central [8]
and peripheral ay-adrenoceptors [7, 12}, it is still very

doubtful whether these sites represent the primary targets
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benzodioxane derivatives structurally related to R 28935,
a;-adrenoceptor affinity bears no relationship to hypoten-
sive activity [7, 8].

In the present study we have analyzed the specific binding
of tritium-labeled R 28935 [13] to rat brain membranes in
our efforts to learn more details of its mechanism of action.
It was the mam goal of the present mvestlgatlon to establish
WLICI.IICI LllC apc:uub uluuxus BILCB Ul l I]}R 289-15 ldUllllllCd
in rat brain were associated with distinct receptor sites,
possibly responsible for the initiation of the hypotensive
action of this drug,

Materials and methods. Erythro [°H]JR 28935 (sp. act. 9
Ci/mmole) as well as unlabeled erythro R 28935 and threo
R 29814 were gifts of Janssen Pharmaceutica (Beerse,
Belgium). A number of benzodioxane derivatives struc-
turally related to R 28935 indicated by the notation “R”
(for structures see Ref. 8) were also provided by this
company. Other drugs were obtained from normal com-
mercial sources or the pharmaceutical companies of origin.

All other chemicals were reagent grade.
Adult mala Wictar rate (200250 n\ were decanitate d’

Adult male Wistar rats (200-250 g) were decapitate
their brains (minus cerebella) removed and homogenized
in 20 vol. (w/v) of 50 mM ice-cold Tris~HCI buffer (pH =
7.7 at 25°) using a Brinkman Polytron. The homogenate
was centrifuged at 50,000 g for 10 min at 4°, resuspended
in fresh buffer and centrifuged again. The final pellet con-
taining the crude brain membranes was suspended in
Tris~-HCI buffer to give a concentration of 4 mg protem/ml
and kept on ice until used. Protein concentration was
assayed according to Lowry et al. [14].
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of rat membrane suspension (see earlier) at 25° for about
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Fig. 2. Binding of [*H]R 28935 to rat brain membranes as a function of the radioligand concentration.

For details of performance see Materials and Methods. Non-displaceable binding was determined by

addition of 10 uM of threo R 29814. Displaceable binding was calculated as the difference between

total and non-displaceable binding. Data represent mean values of six separate saturation experiments

performed in duplicate. A: Total and non-displaceable (non-specific) binding. B: Displaceable (specific)

binding. Inset: Scatchard plot of the displaceable binding. Ordinate: Bound/free (fmoles/mg protein/
nM). Abscissa: Bound (fmoles/mg protein).

45 min with [*H]R 28935 (sp. act. 9 Ci/mmoie; 0.05-15 nM)
with occasional shaking in a total volume of 1 ml of incu-
bation buffer. In displacement experiments, the inhibition
of the specific binding of [*H]R 28935 (0.4 nm) was deter-
mined in the presence of various concentrations of non-
radioactive competitors. Incubations were terminated by
addition of 4 ml of ice-cold buffer followed by rapid filtra-
tion onto Whatman GF/B glass fibre filters positioned over
a vacuum and washed with 3 x 4 ml ice-cold buffer. Radio-
activity collected on the filters was counted in 10 ml of
Instagel (Packard-Becker) at an efficiency of 35-40% after
24 hr storage at room temperature. Displaceable (specific)
binding of erythro [PHJR 28935 was defined as binding
remaining after subtraction of non-displaceable (non-spe-
cific) binding determined in the presence of 10 ¢M of threo
R 29814. Blank values measured in the presence of 10 uM
unlabeled R 28935 were similar to those assayed after
addition of excess R 29814. The affinity of drugs for the
displaceable binding sites of [*H]R 28935 was expressed by
the concentration inhibiting this binding by 50% (ICso)
calculated from the displacement curves by log probit
analysis.

Results. The displaceable as well as the non-displaceable
binding of [*H]R 28935 was linear at protein concentrations
between 0.5 and 4 mg/ml (data not shown). Total binding
depended on the concentration of [*H]R 28935 and non-
displaceable binding increased linearly up to 15nM, the
highest concentration studied (Fig. 2A). The displaceable
binding increased monophasically at concentrations up to
about 3 nM, but deviated from a simple hyperbolic function
at higher concentrations (Fig. 2B). The binding isotherm
was resolved into two components of binding using non-
linear regression analysis (Fig. 2B). The high and low
binding components had maximal numbers of binding sites
(Bmax) of 30 and 230 fmoles/mg protein and approximate
equilibrium dissociation constants (Kp) of 0.25 and 3 nM,
respectively.

The association of [*H]R 28935 (1 nM) to its binding sites
at 25° was at equilibrium after 10 min with half-maximal
binding attained at about 1 min and was stable for at least
60 min. The observed initial rate constant (k,) was

0.43 min~! for 1 nM. Upon adding unlabeled threo R 29814
(10 uM) to an equilibrated mixture of brain membranes
and [*H]R 28935 (1 nM), the radioligand was biphasically
displaced. There was a rapid initial displacement with a t,
of about 2 min followed by a slower phase with a half-life
of about 16 min.

The displaceable as well as the non-displaceable binding
of [*H]R 28935 (0.4 nM) was unaffected by NaCl (150 mM),
guanosine triphosphate (GTP) (10 uM) or MgCL; (10 mM)
in excess above 0.5 mM of EDTA. The sulfhydryl reagent
N-ethylmaleimide (1 mM) did not significantly influence
the non-displaceable binding of [*H]R 28935, but reduced
the displaceable binding by 54 = 6% (mean* S.E.M.,
N =75).

Effects of various drugs on the displaceable binding of
[*HJR 28935 (0.4 nM) were evaluated in order to charac-
terize the binding sites. Compounds closely related to R
28935 (for structures see Ref. 8) all ultimately caused 100%
inhibition. Table 1 lists the ICsy values of the various deriva-
tives. Unlabeled R 28935 was most potent with an ICs
value of 9 nM. No marked stereoselectivity was observed,
since the threo form R 29814 was only 3.5 times less active.
Derivatives of R 28935 were generally potent displacers of
the displaceable [PH]JR 28935 binding. Their ICs, values
varied approximately 150-fold (Table 1).

Hypotensive activity of erythro R 28935, threo R 29814
and their congeners has been determined following i.v.
administration to anaesthetized normotensive rats [8] and
expressed by the dose (nmoles’kg) eliciting a 30% decrease
in mean arterial pressure (ECx). The relationship between
hypotensive activity (log ECx) and affinity for [PH]R 28935
binding sites (log ICsp), shown in Fig. 3, is very modest
(7 = 0.60).

Certain compounds such as pimozide, methysergide,
haloperidol and (—)-propranolol exhibited some affinity
for the sites identified by [PH]R 28935, but none of the
pharmacological classes of drugs tested systematically
inhibited the [PH]R 28935 binding (Table 1). The a-sym-
patholytic drugs prazosin and phentolamine clearly biphas-
ically inhibited the binding of 0.4 nM of [*H]R 28935. At
low concentrations (107-10""M) of these antagonists,
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Table 1. Inhibition of displaceable [FH]R 28935 binding to rat brain membranes

ICsp ICsp

Compound {(nM) Compound {(nM)
R 28935 9 {—)-Propranolol 3700
R 22499 20 Apomorphine 6000
R 29814 32 Phentolamine 6500
R 22497 35 Prazosin 10,500
R 24315 55 Mepyramine >10°
R 23707 70 Atropine >10°
R 36240 100 {+)-Bicuculline >10°
R 31480 170 Metiamide >10°
R 29677 320 Naloxone >10°
R 24388 1400 Tubocurarine >10°
Pimozide 670 Strychnine >10°
Methysergide 1350 Glutamate >10°
Haloperidol 1900 Glycine >10°
Yohimbine 3200 (—=)-Norepinephrine >10°

Rat brain membranes were incubated with 0.4nM of [PH]R 28935 and nine
increasing concentrations of unlabeled competitors in duplicate, as described in
Materials and Methods. ICs values (concentrations inhibiting 50% of displaceable
binding) were calculated by log probit analysis. The mean value of four separate

determinations is reported.

about 20% of the displaceable binding was displaced.

Discussion. The present study has allowed the identifi-
cation of displaceable binding sites of [°H]R 28935 in mem-
branes from rat brain which have all the characteristics of
a structure-recognition site. [*H]R 28935 bound with high
affinity with at least two saturable components. It was rapid
and reversible. The binding of [PH]R 28935 was not affected
by Na*, Mg?* and GTP. The modulatory role of mono-
and divalent cations as well as of guanine nucleotides has
been established in the binding affinity of agonists in p-
adrenergic [15], a-adrenergic [16, 17], dopamine [18, 19],
serotonin [20] and opiate [21] systems. Thus it may be
conceived that the displaceable binding of [*H]R 28935 is
in & way associated with an antagonist interaction.

One of most important findings of this study is, however,
that the inhibition of [°H]R 28935 binding was hardly ster-
eoselective. Furthermore, the in vitro affinity for the sites
identified by ["H]R 28935 was only weakly correlated with
the hypotensive activity. Although a relationship between
in vitro affinity and in vivo effectiveness may be hampered
by many factors, the lack of correlation and the absence
of stereoselectivity of the inhibition argue against the con-
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Fig. 3. Relationship between hypotensive activity quanti-

fied after intravenous administration to anaesthetized nor-

motensive rats (log ECx, Ref. 8) and inhibition of PH]R

28935 binding to rat brain membranes (log 1Cs) for erythro

R 28935, threo 29814 and eight structurally related deriva-
tives listed in Table 1.

clusion that the displaceable binding sites of PHJR 28935
in rat brain bear a relationship with distinct receptor sites
responsible for the hypotensive effect. In addition, the
accessibility to the displaceable high-affinity binding sites
of [PH]R 28935 was limited to structural analogues of R
28935. No other class of drugs investigated showed high-
affinity inhibition,

The selective ar-adrenoceptor antagonist prazosin [9] as
well as the non-selective m/ax-sympatholytic drug phen-
tolamine inhibited a small portion of the [H]R 28935
binding at low concentrations, suggesting that part of the
displaceable binding of [*H]R 28935 occurred to as-adren-
oceptors. The in vive and in vitro affinity of R 28935 for
aj-adrencceptors is appreciable, whereas its affinity for
az-adrenoceptors is low [7, 8, 12]. However, it is not likely
that this small portion of central aj-adrenoceptors rep-
resents the site of action of R 28935 and thus explains the
interaction between prazosin and the hypotensive effect of
this drug [7, 10, 11], because phentolamine, which is not
effective in vivo [1], also displaced this binding.

In summary, the displaceable binding of the potent cen-
trally acting hypotensive drug ["H]R 28935 (sp. act. 9 C¥/
mmole) to membranes from rat brain was found to be of
high affinity, rapid and reversible with at least two saturable
components. Binding was not affected by Na*, Mg** and
GTP. The displaceable binding of [*H]R 28935 was effec-
tively inhibited by its structurally related derivatives, but
was hardly stercoselective and not accessible for other
known drug classes. Part of the binding occurred to ay-
adrenoceptors. A relationship with only limited statistical
value (¥ = 0.60) was derived between affinity for the PH]R
28935 sites and the hypotensive activity. It is concluded
that the sites identified by [°H]R 28935 display a character
which does not fit with any known receptor site or with a
pharmacological effect. The present study shows the pres-
ence of pharmacologically irrelevant structure-recognition
sites for this [°H]-labelied ligand in membranous brain
tissue preparations,
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Alterations in phospholipid methylation in rat brain synaptosomal membranes
produced by ethanol ir vitro and in vivo

(Received 17 May 1982; accepted 4 August 1982)

The effects of alcohols on the CNS are considered by many
to depend on entry into the synaptic membrane lipid bilayer
with a consequent change in the physical properties of the
membrane [1,2]. This physical change, often referred to
as a ‘fluidisation’, may then disrupt the activity of the
various membrane-associated proteins and lipids respon-
sible for synaptic transmission. Among the proteins which
are likely to be most affected by such an action are enzymes
which are located within the membrane bilayer and which
have as their substrates the lipids of the bilayer. The
enzymes responsible for the progressive methylation of
phosphatidylethanolamine to phosphatidylcholine are
examples of this kind of enzyme [3, 4] and the fact that
they appear to be coupled to receptor protein activation
[5] and calcium transport [5] make them of considerable
interest in relation to synaptic function.

Current concepts of the mechanism of development of
tolerance to alcohols indicate that the fluidisation which is
produced in synaptic membranes is reduced when these are
taken from ethanol-tolerant animals [6] and that this is due
to some alteration in the lipid composition of these mem-
branes [7-9]. If this is so one would expect the activity of
membrane-bound enzymes also to be changed in synaptic
membranes from ethanol-tolerant animals. We have there-
fore undertaken investigations of the effects of ethanol in

vitro on the activity of phospholipid-methylating enzymes
in synaptosomal preparations of control rats, as well as
those from rats made tolerant and physically dependent on
ethanol.

Methods and results

Male Sprague-Dawley rats (200-250 g) obtained from
Charles River U.K. were used in these experiments. Rats
were killed by decapitation, and whole brain dissected in
the cold and synaptosomes prepared by the method of
Cotman [10]. Synaptosomes were then incubated either in
10 mM HEPES buffer (pH 7.4) containing 4 mM dithio-
threitol (DTT), 6% sucrose, 5 mM MgCl,, 40 uM CaCl,,
or in ‘artificial CSF’ [11] for 1 hr at 37° in the presence of
200 uM S-adenosyl-L-methionine (SAM) containing 1 uCi
of S-adenosyl-L-([*H]methyl)-methionine [15 Ci/mmole
(Radiochemical Centre, Amersham, U.K.)] as the methyl
donor. At the end of this period synaptosomal lipids were
extracted with chloroform: methanol : HCI (2:1:0.02 v/v/v)
followed by repeated washings with 0.1 M KCl in 50%
methanol. Aliquots of the chloroform phase were then used
for scintillation counting. Alternatively, lysed synapto-
somes (vigorous shaking in distilled water for 1hr at 4°)
were subjected to filtration (0.45-um Millipore filters)
before being taken for scintillation counting. These meth-



