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Inhibition of benzodiazepine receptor binding by several tryptophan and indole
derivatives

(Received 26 March 1981; accepted 14 May 1981)

Today, increasing evidence exists that the pharmacological
activities of tranquilisers of the benzodiazepine group are
mediated via benzodiazepine specific, high-affinity binding
sites. These “‘benzodiazepine receptors” are stereospecific
and are only present in the central nervous system, but not
in peripheral organs of many vertebrate species, with a
pronounced regional distribution [1-4]. However, the
physiological function of the benzodiazepine receptor is
still unclear mainly because it is still not known which
endogenously occurring substance represents the native
ligand of this receptor. Inosine, hypoxanthine and nicotina-
mide have had most attention as possible candidates for
the unknown endogeous ligand [5], though their affinities

for the benzodiazepine receptor are very low (Table 1).
Much higher affinities have been found for some S-car-
boline derivatives [6-9] whereof norharmane-3-carboxylic
acid ethylester is the most potent [6]. However, this com-
pound has not yet been found in vivo [6]. At the present
state, harmane (1-methyl-g-carboline) is the most potent
endogenously occurring [10-12] inhibitor of benzodiaze-
pine receptor binding {7]. Therefore, harmane or another
related B-carboline derivative are the most attractive can-
didates for the unknown endogenous ligand of the ben-
zodiazepine receptor.

While the complete biosynthetic pathway of S-carbolines
in animals or man is not known it is quite clear that these
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Table 1. Inhibition of benzodiazepine receptor binding by several tryp-

tophan and indole derivatives

Inhibitor ICqq [mM}
L-Tryptophan 2,8 + 0.7
D-Tryptophan 4.1 + 1.1
L-Tryptophanamid 5.8 + 0.4
5~Hydroxy-L-tryptophan 2.5 + 0.2
L-Tryptophan methylester 1.1 + 0.1
L-Tryptophan ethylester 0.3 + 0.02
D/L-Tryptophan butylester 0.2 + 0.01
L-Tryptophan benzylester Q.06 + 0.007
D/L-5=-Hydroxytrvptophan ethylester 0.6 + 0.01
Tryptophanylglycine 1.2 + 0.2
Tryptophanylalanine 2.5 + 0.2
Tryptophanylphenylalanine 4.5 + 0.5
Glycyltryptophan 4.0 + 0.4
Tryptophol 1.9 + 0.3
S-Hydroxytryptophol 2,0 + 0.2
5-Methoxytryptophol 1.7 + 0.3
Tryptamine 1.8 + 0.6
S-Hydroxytryptamine 6.8 + 1.5
Melatonin 0.7 + 0.03
6-Methoxyharmalane G.15 + 0.02
Indole 1.8 + 0.2
S-Hydroxyindole 1.9 + 0.1
Indole-2-carboxylic acid 2.8 + 0.5
Indole~2-carboxylic acid ethylester 2.2 + 0.5
3-Indolylacetone 1.5 + 0.1
Indole-3~acetaldehyde 1.5 + 0.3
Indole-3-acetic acid 10.2 + 0.02
Indole~3-acetic acid ethylester 0.5 + 0.02
Norharmane 0.008 + 0.001
Norharmane-3-carboxylic acid 0.03%
Norharmane-3-carboxylic acid ethylester  0.000007%

Harmane ©.007 + 0.001%
Harmane~3-carboxylic acid ethylester. 0.005*

Harmine (7-methoxyharmane) 0.13 + 0.01
6-Methoxyharmane 0.01 + 0.001
2~Methylharmine Q.04 + 0.004
Harminic acid 0.75 + 0.03
Harminic acid diethylester 0.029 + 0.001
Inosine 1.8 + 0.2
Hypoxanthine 2.3 + 0.1
Nicotinamide 4.6 + 1.

ICso Values, the concentrations of the inhibitors which inhibit specific
[*H]flupitrazepam binding by 50% were determined by log-probit analysis
each performed for 5 or 6 concentrations of the inhibitors. The data are

means of 4-6 individual determinations.
* Data from reference [6].
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Fig. 1. Structural formulas of some of the compounds investigated.

3017



3018

compounds are condensation products of tryptophan, 5-
hydroxytryptophan, tryptamine, or 5-hydroxytryptamine
with C;-fragments (norharmanes) or C,-fragments (har-
manes). Out of the 20 naturally occurring amino acids L-
tryptophan had clearly the highest affinity for the benzo-
diazepine receptor [13] with an iCs, value similar to inosine,
hypoxanthine, or nicotinamide (Table 1). This observation
could be an indication that the cyclisation of tryptophan
or tryptamine derivatives leading to the f-carboline struc-
ture is not mandatory to obtain derivatives with high affinity
for the benzodiazepine receptor. Accordingly, we inves-
tigated the interaction of a large variety of tryptophan and
indole derivatives with the benzodiazepine receptor in
order to find structure activity relationships between indole
derivatives and benzodiazepine receptor binding.

Materials and methods

[*H|Flunitrazepan (sp. act. 87 Cifmmole) was obtained
from New England Nuclear {Dreieichenhain, West Ger-
many). All indole derivatives were obtained from Sigma
{Munich, West Germany), Serva {Heidelberg, West Ger-
many), or Fluka (Neu-Ulm, West Germany). All other
chemicals were obtained from commercial suppliers.

Synthesis of harminic acid diethyl ester (8-methyl-1-H-
pyrrolo-2,3-C-pyridine-2,3-dicarboxylic acid diethyl ester):
Harminic acid (220 mg, 1 mmole) was refluxed with thionyl
chloride (2 ml) and one drop of N,N-dimethyl formamide
for 90 min. Unreacted thionyl chloride was removed in
vacuo. The dark oily residue was treated with dry ethanol
(5 ml) under reflux for 30 min.

The reaction product was partitioned between 5%
sodium carbonate solution and ether, the organic phase
washed neutral, dried over anhydrous magnesium sulphate,
and brought to dryness leaving a yellow oil This was chro-
matographed over silica gel with chloroform-methanol
(19:1, viv), yielding harminic acid diethyl ester {190 mg,
69%) after removal of the solvent as a nearly colourless
oil which was pure according to tl.c. and n.m.r.
(CDCl3)1.25 (3H, t, CH,—CHa), 1.43 (3H, t, CH,—CH3),
2.73 (3H, s, CH; at C-8), 4.34 (2H. q, CH,—CHa), 4.47
(2H, q, CH—CH3), 7.81 (1H, d, H-5), 8.18 (1H, d, H-6),
9.23 (1H, s, NH); FD-mass spectrum, mi/e 276 (M™, 100%).
Anal. caled. for CisHOsN; (276.29): C, 60.86; H, 5.84;
N, 10.14. Found: C, 60.8; H, 5.7; N, 10.3.

Harminic acid diethyl ester could be recrystallised from
carbon tetrachloride/hexane and was then obtained as an
off-white microcrystalline powder, m.p. 112-114°.

Benzodiazepine receptor binding studies were performed
as previously described using a centrifugation technique
and [*H]flunitrazepam as ligand [14]. One millilitre aliquots
of a whole rat brain homogenate in 0.067 M phosphate
buffer pH 7.4 (about 1 mg protein/ml) were incubated in
triplicate together with about 0.1 nM [*H]flunitrazepam
and different concentrations of the displacers for 30 min
at 4°. Unspecific binding was obtained from experiments
performed in the presence of unlabelled diazepam 10 uM.
Under these conditions, specific [H]flunitrazepam binding
displays all the characteristics of brain specific benzodiaze-
pine receptor binding [14].

Results and discussion

In agreement with the observations of Squires et al. [13]
L- and D-tryptophan inhibit benzodiazepine receptor bind-
ing in a concentration dependent but not stereospecific
fashion with 1Csy values in the low mM range {Table 1).
Compared to L-tryptophan, only slightly different 1Cs
values were found in the case of tryptophanamide, L-5-
hydroxy-tryptophan, and L-tryptophan methyl ester. How-
ever, L-tryptophan ethyl and butyl ester are one order of
magnitude more active than L-tryptophan itself. The affinity
is further increased by one order of magnitude in the case
of the L-tryptophan benzyl ester, whose ICx is as low as
60 pmole/t (Table 1). A comparable effect of the ethyl ester
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formation was found for 5-hydroxytryptophan. Several
tryptophan containing dipeptides inhibit benzodiazepine
receptor binding with affinities similar to that of tryptophan
itself (Table 1).

Some tryptophol derivatives and tryptamine interact with
the benzodiazepine receptor with affinities similar to L-
tryptophan while 5-hydroxytryptamine is less active {Table
1). Melatonin (5-methoxy-N-acetyl-tryptamine) is about
one order of magnitude more potent than 5-hydroxytrypt-
amine. But more important, the cyclic derivative of mela-
tonin, 6-methoxyharmalane, is even more potent with an
1Csp of about 150 umole/l (Table 1).

In respect to the binding of trytophan derivatives to the
benzodiazepine receptor, the mandatory part of the mole-
cule seems to be the indole moiety as indicated by the 15
values of indole, 5-hydroxyindole, indoleacetone, and
indoleacetaldehyde which are similar to that of tryprophan
(Table 1). While the ethyl ester formation has no effect on
the affinity of indole-2-carboxylic acid it increases the
affinity of indole-3-acetic acid by more than one order of
magnitude {Table 1),

As already meationed, the most pronounced effect of
the ethyl ester formation has been reported for the tricyclic
(B-carboline) derivative norharmane-3-carboxylic acid,
where the ethylester has a more than three orders of mag-
nitude higher affinity than the free acid or than norharm-
ance itself (Table 1). This effect is not seen in the case of
harmane where harmane-3-carboxylic acid ethylester is
only as potent as harmane itself in inhibiting specific
[*H]flunitrazepam binding (Table 1).

Harmine (7-methoxyharmane) is considerably less potent
than harmane itself while the isomeric 6-methoxyharmane
is nearly as potent as harmane (Table 1). A similar although
not so pronounced effect of the methoxy group in the 6-
instead of the 7-position can be seen in the case of harmaline
{7-methoxy-harmalan; ICs; = 400 pmole/l} {7] and of 6-
methoxy-harmalan (1Csp = 150 gmol/l) (Table 1). Harminic
acid, a metabolite of harmaline [15], is only five times less
potent than harmine thought the structure of the molecule
is distinctly changed by opening the benzene ring of the
indole moiety. Again the esterification of the free carboxyl
acid is followed by a 20 fold increase of the potency. It is
noteworthy that harminic acid diethyl ester is only four
times less active than the most potent endogenous S-car-
boline derivative, harmane, thought the tricyclic structure
of the B-carbolines is no longer completely intact.

The data reported clearly indicate that a large variety of
tryptophan and indole derivatives interact with the benzo-
diazepine receptor with affinities similar or even higher
than that of L-tryptophan. However, in all cases lower
affinities that that of harmane were found. Thus, we do
not think that one of the compounds is directly related to
the endogenous ligand of the benzodiazepine receptor
although a few of them are present in mammals, e.g. 5-
hydroxyindole, indole-3-carboxylic acid and possibly 6-
methoxy-harmalan (16, 17]. However, two important con-
clusions can be drawn from our data in respect to f-car-
boline derivatives as possible endogenous ligands of the
benzodiazepine receptor. (1) In several cases, the ethyl
ester formation of an indole acetic or propionic acid deriva-
tive led to a pronounced increase of the affinity for the
benzodiazepine receptor which raises serious doubts in
accepting this structure-activity parameter per se as a spe-
cific indication for its biological significance. (2) Some
tryptophan derivatives which do not have the f-carboline
structure have also a much higher affinity than tryptophan
itself (e.g. L-tryptophan benzyl ester). This supports our
previous assumption that the endogenous ligand of the
benzodiazepine receptor must not have in any case the
tricyclic B-carboline structure. Therefore, we suggest to
extend the search for the still unknown endogenous ligand
of the benzodiazepine receptor to all indole derivatives and
related compounds found in the body.
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Regulation of cerebellar L-[*H]glutamate binding: influence of guanine nucleotides
and Na™ ions

(Received 10 February 1981; accepted 29 May 1981)

Purine nucleotides serve important functions in many bio-
logical processes. For example, the cyclic hydrolytic prod-
ucts of ATP and GTP (cylcic AMP and cyclic GMP, respec-
tively) regulate cell growth and development [1], mediate
hormonal [2], and certain neurotransmitter 3] responses,
and, in addition purines themselves may have transmitter
roles in the periphery [4] and central nervous system [5).

The receptor binding of many hormones or transmitters
which effect changes in adenylate cyclase activity, is sen-
sitive to guanine nucleotides: GTP and GDP have been
demonstrated to produce selective decreases in the affinities
of epinephrine [6], dopamine [7}, serotonin [8] and opiates
{9] for their receptors by an allosteric regulatory mech-
anism. It has been proposed that sensitivity to guanine
nucleotides is a property of only these receptors that are
linked to adenylate cyclase [10]. However, recent evidence
indicates that ligand binding to the D2 dopamine receptor
may also be regulated by these nucleotides [11].

We have reported previously that the binding of L-glu-
tamate to its postsynaptic receptor on rat cerebellar mem-
branes is influenced by an as yet unidentified endogenous
inhibitor [12] and that guanine nucleotides, in contrast to
adenine derivatives, produce substantial inhibition of spe-
cific binding [13].

This study was carried out in order to investigate the
mechanisms underlying the inhibitory actions of guanine
nucleotides and sodium ions on glutamate binding.

Materials and methods

Preparation of synaptic membranes. Female Wistar rats
(250-300 g) were killed by decapitation and cerebella were
homogenised in 20 vol. (w/v) 0.32 M sucrose in a Teflon—-
glass homogeniser (0.25 mm clearance). Synaptic mem-
branes were then prepared as described previously [14].
The membrane pellet was suspended in glass-distilled water
and subjected to a 30 min preincubation at 37°, followed
by two or three washing stages with 50 vol. water, and
recentrifugation of the membranes (50,000 g for 10 min).

The final pellet was dispersed in 50 mM Tris~citrate
buffer (pH 7.1) or in buffer with added nucleotide (as the
sodium salts) or sodium chloride, and used immediately for
the binding assay.

During some of these experiments, aliquots of homo-
genates and supernatants were taken during various stages
of membrane preparation, and were assayed for the pres-
ence of L-glutamate by a microenzymic fluorometric
method [15]. No free glutamate was detectable in the final
membrane preparation as compared with 250 nmole/g tis-



