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Abstract

NMDA receptor ligands have been the target of intensive research for the treatment of psychotic diseases and central nervous system
diseases. Our group published the characterization of the NMDA receptor histamine site. We developed modulators for this site, about
500 drugs were tested and we finally have a partial agonist FUBn293 with a nanomolar affinity, and also an antagonist ST-579 with
a nanomolar affinity. We suggest that agonists at the histamine site of the NMDA receptor (NMDA(HA)R) constitute an innovative

class of antipsychotics for the treatment of schizophrenia and other neurological or psychiatric disorders.
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1. Introduction

The effects of histamine are mediated by four G protein-coupled
receptors (H,, H,, H, and H,). In the brain, histamine also binds
to the histamine site (NMDA(HA)R) of the N-methyl-D-aspartate
receptor (NMDAR) [1-3]. Histamine potentiates NMDA currents
in isolated, and cultured hippocampal neurons and this effect
requires NMDARs containing NR1 variants lacking exon 5
with NR2B subunits [4,5]. This potentiation is inversely related
to the concentration of glycine [2,6] and is reproduced by tele-
methylhistamine (tele-MeHA), the catabolite of histamine in the
brain [3, 4-6]. Histamine also binds to NMDA(HA)R to potentiate
NMDA-induced [*H] noradrenaline release from hippocampal
synaptosomes [6]. Histamine potentiates N-methyl-D-aspartate
receptors by interacting with an allosteric site distinct from the
polyamine binding site [6].

After having defined this binding site of histamine, we sought to
find ligands specific to this site based on our experience of ligands
of the various receptors specific to histamine using the [3H]
noradrenaline release from hippocampal synaptosomes model.
The initial significant molecule was a reference full agonist that
provided the foundation for studying the structure-activity of
other agonists with a greater affinity for the nanomolar order. We

succeeded in obtaining an antagonist with nanomolar affinity in
the same way.

2. Materials and Methods

[*H] noradrenaline release from hippocampal synaptosomes.

A crude synaptosomal fraction was prepared as described
previously with minor modifications [7]. Adult male Wistar
rats (200-250g) were killed by decapitation. The hippocampus
wa rapidly removed and homogenized (Potter Elvehjem glass;
eight up-down strokes) in 40 volumes of 0,32 M sucrose. The
homogenate was first cecntrifuged (100g for 10 min) to remove
nuclei and cellular debris. Synaptosomes were isolated from the
supernatrant by a second centrifugation (12,000 g for 20 min). The
synaptosomal pellet was then suspended in modified Krebs-Ringer
bicarbonate medium of the following composition: NaCl 120 mM,;
KC10.8 mM; KH2PO4,1.2 mM; CaCl2 1.3 mM; MgS04 1,2 mM,;
NaHCO3 27.5 mM; glucose, 10 mM; ascorbic acid 0.06 mM;
EDTA 0.03 mM; gassed with 95% O2 and 5% CO2); pH 7.4.

Synaptosomes are then suspended in this same medium in the
require volume of assay buffer abd are then incubated for 1 hour
at 37°C in a rotary water bath, in an atmosphere of 95% 02 and
5% CO2, with [3H] noradrenaline (final concentration 30 nM,
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GE Healthcare, Buckingamshire, UK). During this incubation,
synaptosomes are loaded with the labelled neurotransmitter. Then,
the labelling of synaptosomes is followed by 4 washes with a
Mg2+-free medium prewarmed at 37°C.

Synaptosomes are distributed in identical aliquots (200 pg of
protein) in a final volume of 500 pL and incubated with NMDA
(200uM), glycine (I pM) and drugs to test in the presence
of thioperamide, an H3 receptor antagonist in a saturating
concentration (1 M) to prevent the action of the heteroreceptor H3
modulating [*H] noradrenaline release in the system [8]. After 3
minutes of incubation at 37°C, reaction is stopped by immersion of
tubes in ice-cold water, immediately followed by a centrifugation
(14 000 x g, 10 sec). The amount of radioactivity released into

Name (CH2)n

each supernatant is finally determined by liquid scintillation using
a B counter.

3. Results

We have investigated new drugs, ligands of the histamine site of
the NMDA receptor by using the model of the NMDA-mediated
[*H] noradrenaline release from hippocampal synaptosomes.

Over the years, we have tested more than 500 molecules and
identified agonists and antagonists of the histamine binding site
on the NMDA receptor, we present the most remarkable molecules
with structure activity relationships in two series of tables in
supplementary datas with the agonist (table 1-9) and the antagonist
(table 11-14)

N “NH . .
v 2 Intrinsec Agonist
HZN%SI activity %
EC 50 uM
Fub 7 n=3 R1 =0 full 2,1
full 1,6
Fub169 _, o1_, u
20 0,12
Fub 216 n=5 R1 =0
23 0,12
Fub 239 n=6 R'I =0
100
Fub 282 n=7 R1 _ >
>100
Fub283 o o1_
53 1,5
Fub 241 n=3 R1 = CH3
29 0,2
Fub302 . o1_cus
100
Fub 310 n=5 R1 = CH >
Table S1 : Agonist
Name Intrinsec Agonist
activity %
EC 50 uM
Fub 242 N NH, 75 3.1
H?N4</ | -
ST e,
Fub 206 NH; 40 0,068
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Fub 235

Fub 210

Fub 132

Fub 144

Fub 218

Fub 295

Fub 296

Name

Fub 170

Fub 217
Fub 238
Fub 240

Fub 301
Fub 309

N
HgN\(IO\NHZ
S
NH,
N
e
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N
H2N—</ j\
S NH

(CH2)n

n=2
n=3
n=4
n=5

n=6
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full
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Table S2: Agonist

Intrinsec
activity %

full

52
50
82

61
40

Table S3: Agonist

26

0,024

4,4

11

0,052

1,1

Agonist

EC 50 uM
2,2

0,19
4,5
6,3

0,9
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Name Intrinsec

activity %
Fub 16 FbN—T%N7'“" 30
\ a’ >——NH2
Fub 223 %N‘X%N?TE¥$ 34
® I\:"i\/,NHz
Fub 247 HZN_\//N\H?,__,.\ 48
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NH;
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Fub 251 HS—\// 7,,\ ?
L
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Table S4: Agonist
Name Intrinsec
activity%
N
H2N4</
® (NH)
Fub 266 48
.
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Agonist

EC 50 uM
0,39
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0,024
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Fub292 n=3 32 0,034

Fub293 N= 39 0,0028
N =
HZN%/SJ:D\/\N/V\/@
H

Fub 299 n=1 36 0,5
Fub 306 n=5 33 0,014
Fub 307 n=6 33 0,047
Fub 297 32 0,09

e T
@ ul ~CH,

Fub 298 19 0,014

@
‘ /’KO/CH3

Table S5: Agonist

Name Intrinsec Agonist
acti/:)/ity EC 50 uM
N
w1,
S
)
Fub 275 (CH2)n 15 0,32
Ot
n=1
Fub 276 n=2 15 0,98
Fub 286 n=3 31 0,49
Fub 287 n=4 30 0,33
Fub 288 n=5 35 0,020
Fub 303 n=6 33 0,010
Fub 304 n=7 33 0,010
Fub 305 n=8 30 0,062
Fub 289 23 3,20
HAC CH3

Adv Neur Neur Sci, 2024 Volume 7 | Issue 2 | 5



Fub 290 27

CH;
(@/N/
CH

Hc 73
Fub291 _ 32
W e
Hae CHs
Fub 294 34

CHsy
Wo/

Table S6: Agonist
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ST 578

ST 580

Name

ST 581

ST 582

ST

ST 590

ST 591

ST 592

ST

ST 593

ST 594

ST 595

30 0,60

N CH.
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Table S7: Agonist

Intrinsec Agonist
activity % EC 50 uM

</N | 50 12
NH
S \/\CH3
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)
S

N\ 30 0,030
NH
-
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@ LT
S
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S
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@
S

Table S8: Agonist
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Agonist

EC 50 yM
N
HQN—</ | NH
ST 615 R 43 0,009
[
CAe S
ST 617 e 64 1,2
H A
O
0,
ST 619 ? >10
T L S (L
Table S9: Agonist
name Antagonist
IC 50 uM
N
]\/\
NH
NH,
Fub 88 @A/ 0,37
CHs
QCH
Fub98 n=0 52
Fub 99 n=1 16
Fub 100 n=2 1,8
Fub166 n=3 0,65
Fub 113 n=4 1,09
Fub 114 n= 0,29
Fub 122 n=6 21
Fub 164 n=7 0,17
Fub 183 n=8 0,61
Fub 184 n=9 0,91

Table S10: Antagonist
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7
NH NH,

Fub 125 n=3
Fub 126 n=4
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o
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N
]
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NH

Table S11: Antagonist

&l

NH,

o

Antagonist
IC 50 uM

3,65

0,79
2,46
1,37
0,13

Antagonist
IC 50 uM

0,2

0,69
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CHj
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HiC
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Table S12: Antagonist
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N
H2N—</
S
Fub 243 Hén
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n=1
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|
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0,21
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0,2

Antagonist
IC 50 uM

0,5

0,1
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0,36

Antagonist
IC 50 uM
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2,1
1,7
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13
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Fub 260

Name

Fub 262
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Fub 278

Table S13: Antagonist

S
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ST 589
N\—/N/\/\/Q

o M

ST 616
NH

ST 618

0,9

1,2

0,042

0,064

N
NH/\/\/\@:%NHZ

Table S14: Antagonist

On this response we identify some 2-aminobenzothiazole
derivatives as potent agonists of the NMDA ;' R. The FUB 7,
is the lead compound, it was a full agonist with a micromolar
potency. Optimisation of this lead was obtained with substitution
of the aliphatic amino group, that led to agonists with a nanomolar
agonist potency such as FUB 293 [9,10].

The FUB 7, as lead coupound was first tested in various brain
regions and the hippocampus give the best answer on [*H]

(CH,), —NH,
/E \
/ ;
HN" g
FUB,7
L
2 60 FUB,7 alone § 6
S _ gl +MKB01 3
T 1uM T 5
o 8 8
S 240 qoum 2 g4
S 5 ©
5 239 100um 523
£ o2
& E20 Be2
ST 3T
S 10 £~ q
I T
= ok oLl
-7 -6 -5 -4 -3 -8

log[FUB,7 (M)]

Fig 1
A, Chemical structure of FUBN7 .

noradrenaline release (Fig 1B), then we used several NMDAR
antagonist on the FUB 7 and we observed a non competive
inhibition (Figure 1C, D, E).

FUB, 7, the first lead compound obtained in this series, behaved as
a full agonist with a micromolar potency (EC, =2.1 £0.1 uM). Its
effect was antagonized by the NMDAR blockers MK-801 (Figure
1C) and by ifenprodil, the NR2B antagonist (Figure 1E).

B o hypothalamus
<
L] 5
eE
g8
=a
©
52°
5
BE?
oz
< |
T
Lk
8 7 -6 5 4

&~ o
S S

(dpm / pg protein)
N w
? =]

-
=)
T

[®Hlnoradrenaline release

=)

7 6 5 -4

i<>£|[FL_JBn7(P—II)] log[FUB,7 (M)]

Effects of FUBn7 NMDA-induced [3H]noradrenaline release.

B, Effect of FUBn7 on NMDA-induced [3H]noradrenaline release from synaptosomes of various rat brain regions. C, D, E, Effect of MK-801
(1-100 pM) (C), Mg2+ (1.2 mM) (D) and ifenprodil (0.03-1 pM) (E) on NMDA-induced [3H]noradrenaline release from hippocampal
synaptosomes. Results are expressed as dpm/pg protein over [3H]noradrenaline release induced by NMDA (200uM) and glycine (1pM).
Each point represents the mean + SEM of values obtained in 3-8 separate experiments.
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As we previously reported, FUB 293 also potentiated NMDA-
induced [3H] noradrenaline release from hippocampal
synaptosomes (EC,, = 2,8 + 1.8 nM). FUB, 293 displayed a
nanomolar agonist potency on NMDA-induced [3H] noradrenaline
release from hippocampal synaptosomes [9,10]. It was around

1000fold more potent than FUB 7 and 25,000 fold more potent
than histamine, but its maximal effect was 49 + 6% that of FUB 7,
suggesting that it behaved as a partial agonist on this response
(Figure 2B).

N— = gwo gmo-
BNl ¢ @ @
S'/'[\,,:7//1 G2 \m/'\v/\v/ij 5 ﬁ + FUB,293 § §
® = 715+ S o 75 tele-MeHA
g = TR0 g = 300 uM alone
FUB,293 g 2 |alone 5 £
5 = 504 L5 50
~ s 5
o2 FUB,293 =z
2 8 25  alone $ s 2% FUB,293 alone
: -
gy . & ol
o 1110 9 8 .7 6 5 = 109 8 7 6 -5
log[FUB,293 (M)] log[FUB,293 (M)]
Fig 2

Effects of FUBn293 NMDA-induced [3H]noradrenaline release. A, Chemical structure of FUBn293. B, C, Effect of FUBn293
tested alone, or against FUBn7 (B), or tele-MeHA (C), on NMDA-induced [3H]noradrenaline release from hippocampal synaptosomes.
Results are expressed as per cent of the effect of FUBn7 (B), or tele-MeHA (C) (means of 6-16 determinations from 3-8 separate

experiments).

In agreement, FUB 293 decreased in a concentration-dependent
manner the sub-maximal effect of FUB 7. The maximal antagonism
reached at the highest concentrations tested led to the same plateau
as its maximal agonist effect (-50.2 + 3.1% vs +50.9 + 4.1% of
FUB 7-induced release), and its Ki assuming a competitive
antagonism of FUB 7 was in the same nanomolar range as its
agonist potency (3.7 £ 1.4 nM) (Figure. 2B). A similar pattern
and Ki value (7.6 + 1.9 nM) was obtained when FUB 293 was

A B .
N N £ 100

N— ” ]

e ‘S-"ll\\_ﬁJ\\/\N/*-\,./\.\.,,.J\x:/] = §
EH, aen

3 o

ST-579 g2
= T 50

Ll =

o 2
2 8 29

S

c
& 0

Fig 3

10 9 8 -7 6 -5 4
log[ST-579 (M)]

opposed to tele-MeHA (Figure. 2C), which confirmed that FUB 7
and FUB, 293 bind at the histamine site i.e. the NMDA ,,, R.

We obtain also antagonists, the best was the ST-579 (IC,, = 38
+ 3.9 nM), ST-579 was able to in hibite the potentiation of [3H]
noradrenaline release induced by FUB 7 (Fig 3B) and FUB 293
(Figure 3C) [10]

€3

[3H]noradrenalme release
(% of FUB,,7 m aximal effect)
w

™9 -8 7 6 -
log[FUB,293 (M)]

Effects of ST-579 on NMDA currents and NMDA-induced [3H]noradrenaline release.

A, Chemical structure of ST-579 BC Inhibition by ST-579 of the potentiation of NMDA-induced [3H]noradrenaline release induced by FUBNn7 (B)
or FUBN293 (C). Results are expressed as dpm/ug protein over [3H]noradrenaline release induced by NMDA (200uM) and glycine (1uM).
Results are means of 6-9 determinations from 3 separate experiments.

3.1 Activity Structure

The activity structure of a part of the compounds is presented
in tables in the supplemntary materials, the choice among all
molecules is made in relation to the search for optimization of the
affinity of molecules.

3.2 The Agonist

The tables give the intrinsic activity of the drugs compared to the
FUB 7 and the EC 50 of the drugs in uM.

The first series describes agonists, in which the molecules are
derived from the general formula around the lead compound FUBn
7 (Table S1 to Table S3)
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R1

The second series describes agonists, in which the molecules are derivated from the general formula around the lead compound FUB
16 (derivated from R-1,3-benzothiazol-2-amine) and lead to a first best compound FUB 247 and then to the FUBn293 the most potent

drug realized (Table S4 to Table S9).

General
formula N

around FUB 16 /
H2 N 4<

S

3.3 The Antagonist
The tables give the IC 50 of the drugs in uM.

(CH, n)

The first series describes antagonists, in which the molecules are derived from the general formula the first compound FUB 88 (derivated
of R-(1H-imidazol-5-yl) ethan-1-amine) to the first interesting compound of this series FUB 114 (Table S10 to Table S12).

N
On¥

NH

The second series describes the antagonist, in which the molecules
are derived from the general formula around the lead compound
FUB 16 and lead to ST-579 the most potent drug realized (Table
S13 and Table S14).

4. Discussion

Psychotic troubles are chronic and debilitating diseases with sig-
nificant morbidity and mortality that often requires antipsychotic
pharmacotherapy for life. Current therapy typically involves neu-
roleptics that primarily target dopamine and serotonin receptors,
but may also affect other receptors like histamine and noradren-
aline [11].

It is well-documented that typical neuroleptic agents induce ex-
trapyramidal symptoms, which include rigidity, tremor, bradyki-
nesia (slow movement) and bradyphrenia (slow though), as well
as tardive dyskinesia, acute dystonic reactions and akathisia. Fur-
thermore, atypical neuroleptic agents induce both extrapyramidal
symptoms and other side effects such as increase of body weight,
mood disturbance, sexual dysfunction, sedation, orthostatic hypo-
tension, hypersalivation, lowered seizure threshold and, in partic-
ular, agranulocytosis [12].

NH,

Recent discoveries, brought to light the link between schizophre-
nia and bipolar disorders with disturbance in GABA and glutamate
transmission in the brain. For example, schizophrenia would be
associated with ionotropic N-methyl-D-aspartate (NMDA) recep-
tor dysfunction [13]. Indeed, according experimental researches,
it has been found that NMDA receptor blockers such as phency-
clidine (PCP) and MK-801 induce psychoses similar to that asso-
ciated with schizophrenia [14,15]. Since hypo function of NMDA
system is considered to have an important role in schizophrenia
and schizophreniform psychosis, especially negative symptoms,
the fact that cognitive dysfunction caused by ketamine are similar
to schizophrenia reinforces this observation [16].

NMDA receptor modulators, such as antagonists, agonists and
partial agonists have thus been the subject of several successive
researches both for the treatment of psychotic diseases and for
the treatment of central nervous diseases [17]. For example, the
NMDA receptor modulator memantine was developed for the
treatment of Alzheimer’s disease [18]. The partial agonist agent
of D-cycloserine was revealed as having some antidepressant and
anxiolytic activity [19]. Furthermore, agents targeting the NMDA
receptor appeared to be involved in different stages of develop-
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ment for the treatment of anxiety, depression, cognitive and motor
disorders [20,21]

We have recently identified a histamine site in NMDA receptors.
Histamine has numerous functions in the brain and in particular
modulates responses of the NMDA receptors of hippocampal neu-
rons [3,4]. William K. demonstrated that histamine could directly
act at a novel recognition site on some subtypes of NMDA recep-
tor to increase their activity. However, the histamine has shown a
preferential effect on responses mediated by NR1/NR2B receptors
[22].

The aim of this works was to provide compounds that can inter-
fere with the NMDA receptor and in particular with the histamine
site of the NMDA receptor. Recent studies also put light on the
fact that distinct subtypes of the NMDA receptor are differently
involved in central nervous system diseases. In particular, hista-
mine site of the NMDA receptor may have a key role in several
disorders. For example, NMDA receptor histamine site has been
discovered and evidenced as being involved in Ischemia [23]. We
believe that enhancing NMDA receptor function will restore sen-
sorimotor gating deficits observed in schizophrenia. Therefore,
agonists of the NDMA receptor will be useful as anti-psychotic
agents for the treatment of symptoms of this disease.

5. Conclusion

In conclusion, these data confirm the existence of a histamine
site, distinct from other allosteric sites, of the NMDAR. Since
histamine also activates the human NMDAR [9], agonists of the
NMDA(HA)R may be helpful in therapeutics. We suggest that ag-
onists at the NMDA(HA)R constitute an innovative class of anti-
psychotics for the treatment of schizophrenia and other neurologi-
cal or psychiatric disorders.

Acknowledgments

This study was supported by INSERM, the French Ministére de
la Recherche and the Fondation pour la Recherche Médicale, spe-
cial thanks to the team of INSERM Transfert for all the years of
support.

References

1. Haas, H. L., Sergeeva, O. A., & Selbach, O. (2008). Histamine
in the nervous system. Physiological reviews.

2. Vorobjev, V. S., Sharonova, I. N., Walsh, 1. B., & Haas, H. L.
(1993). Histamine potentiates N-methyl-D-aspartate respons-
es in acutely isolated hippocampal neurons. Neuron, 11(5),
837-844.

3. Bekkers, J. M. (1993). Enhancement by histamine of
NMDA-mediated synaptic transmission in the hippocampus.
Science, 261(5117), 104-106.

4. Williams, K. (1994). Subunit-specific potentiation of recom-
binant N-methyl-D-aspartate receptors by histamine. Molecu-
lar Pharmacology, 46(3), 531-541.

5. Williams, K. (1995). Pharmacological properties of recombi-
nant N-methyl-d-aspartate (NMDA) receptors containing the

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

€4 (NR2D) subunit. Neuroscience letters, 184(3), 181-184.
Burban, A., Faucard, R., Armand, V., Bayard, C., Vorobjev,
V., & Arrang, J. M. (2010). Histamine potentiates N-meth-
yl-D-aspartate receptors by interacting with an allosteric site
distinct from the polyamine binding site. Journal of Pharma-
cology and Experimental Therapeutics, 332(3), 912-921.
Gray, E., & Whittaker, V. (1962). The isolation of nerve end-
ings from brain: an electron microscopic study of cell frag-
ments derived by homogenization and centrifugation. Journal
of anatomy, 96(Pt 1), 79.

Schlicker, E., Fink, K., Hinterthaner, M., & Gothert, M.
(1989). Inhibition of noradrenaline release in the rat brain
cortex via presynaptic H 3 receptors. Naunyn-Schmiedeberg's
archives of pharmacology, 340, 633-638.

Armand, V. (2024). The molecules lost NEW COMPOUNDS
BINDING AT THE HISTAMINE SITE OF THE NMDA RE-
CEPTOR (NMDA (HA) R). bioRxiv, 2024-03.

Armand, V. (2024). The molecules lost NEW COMPOUNDS
BINDING AT THE HISTAMINE SITE OF THE NMDA RE-
CEPTOR (NMDA (HA) R). bioRxiv, 2024-03.

Kusumi, I., Boku, S., & Takahashi, Y. (2015). Psychophar-
macology of atypical antipsychotic drugs: From the receptor
binding profile to neuroprotection and neurogenesis. Psychia-
try and clinical neurosciences, 69(5), 243-258.

Arana, G. W. (2000). An overview of side effects caused by
typical antipsychotics. Journal of clinical psychiatry, 61(4),
5-13.

Balu, D. T. (2016). The NMDA receptor and schizophrenia:
from pathophysiology to treatment. Advances in pharmacol-
ogy, 76, 351-382.

Javitt, D. C., & Zukin, S. R. (1991). Recent advances in the
phencyclidine model of schizophrenia. The American journal
of psychiatry, 148(10), 1301-1308.

Adell, A. (2020). Brain NMDA receptors in schizophrenia and
depression. Biomolecules, 10(6), 947.

Newcomer, J. W., Farber, N. B., Jevtovic-Todorovic, V., Sel-
ke, G., Melson, A. K., Hershey, T, ... & Olney, J. W. (1999).
Ketamine-induced NMDA receptor hypofunction as a model
of memory impairment and psychosis. Neuropsychopharma-
cology, 20(2), 106-118.

Hanson, J. E., Yuan, H., Perszyk, R. E., Banke, T. G., Xing,
H., Tsai, M. C,, ... & Traynelis, S. F. (2024). Therapeutic po-
tential of N-methyl-D-aspartate receptor modulators in psy-
chiatry. Neuropsychopharmacology, 49(1), 51-66.

Kishi, T., Matsunaga, S., Oya, K., Nomura, 1., Ikuta, T., &
Iwata, N. (2017). Memantine for Alzheimer’s disease: an up-
dated systematic review and meta-analysis. Journal of Alzhei-
mer's Disease, 60(2), 401-425.

Cole, J., Sohn, M. N., Harris, A. D., Bray, S. L., Patten, S. B.,
& McGirr, A. (2022). Efficacy of adjunctive D-cycloserine to
intermittent theta-burst stimulation for major depressive dis-
order: a randomized clinical trial. JAMA psychiatry, 79(12),
1153-1161.

Peyrovian, B., Rosenblat, J. D., Pan, Z., [acobucci, M., Brietz-
ke, E., & Mclntyre, R. S. (2019). The glycine site of NMDA

Adv Neur Neur Sci, 2024

Volume 7 | Issue 2 | 16


https://doi.org/10.1152/physrev.00043.2007
https://doi.org/10.1152/physrev.00043.2007
https://doi.org/10.1016/0896-6273(93)90113-6
https://doi.org/10.1016/0896-6273(93)90113-6
https://doi.org/10.1016/0896-6273(93)90113-6
https://doi.org/10.1016/0896-6273(93)90113-6
file:Bekkers%2C%20J.%20M.%20%281993%29.%20Enhancement%20by%20histamine%20of%20NMDA-mediated%20synaptic%20transmission%20in%20the%20hippoc
file:Bekkers%2C%20J.%20M.%20%281993%29.%20Enhancement%20by%20histamine%20of%20NMDA-mediated%20synaptic%20transmission%20in%20the%20hippoc
file:Bekkers%2C%20J.%20M.%20%281993%29.%20Enhancement%20by%20histamine%20of%20NMDA-mediated%20synaptic%20transmission%20in%20the%20hippoc
file:https://molpharm.aspetjournals.org/content/46/3/531.short
file:https://molpharm.aspetjournals.org/content/46/3/531.short
file:https://molpharm.aspetjournals.org/content/46/3/531.short
file:https://doi.org/10.1016/0304-3940%2894%2911201-S
file:https://doi.org/10.1016/0304-3940%2894%2911201-S
file:https://doi.org/10.1016/0304-3940%2894%2911201-S
file:https://doi.org/10.1124/jpet.109.158543
file:https://doi.org/10.1124/jpet.109.158543
file:https://doi.org/10.1124/jpet.109.158543
file:https://doi.org/10.1124/jpet.109.158543
file:https://doi.org/10.1124/jpet.109.158543
file:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1244174/
file:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1244174/
file:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1244174/
file:https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1244174/
file:https://link.springer.com/article/10.1007/BF00717738
file:https://link.springer.com/article/10.1007/BF00717738
file:https://link.springer.com/article/10.1007/BF00717738
file:https://link.springer.com/article/10.1007/BF00717738
file:https://www.biorxiv.org/content/10.1101/2024.03.08.583891v2.abstract
file:https://www.biorxiv.org/content/10.1101/2024.03.08.583891v2.abstract
file:https://www.biorxiv.org/content/10.1101/2024.03.08.583891v2.abstract
file:https://www.biorxiv.org/content/10.1101/2024.03.08.583891v2.abstract
file:https://www.biorxiv.org/content/10.1101/2024.03.08.583891v2.abstract
file:https://www.biorxiv.org/content/10.1101/2024.03.08.583891v2.abstract
file:https://doi.org/10.1111/pcn.12242
file:https://doi.org/10.1111/pcn.12242
file:https://doi.org/10.1111/pcn.12242
file:https://doi.org/10.1111/pcn.12242
file:https://www.psychiatrist.com/read-pdf/13665/
file:https://www.psychiatrist.com/read-pdf/13665/
file:https://www.psychiatrist.com/read-pdf/13665/
file:https://doi.org/10.1016/bs.apha.2016.01.006
file:https://doi.org/10.1016/bs.apha.2016.01.006
file:https://doi.org/10.1016/bs.apha.2016.01.006
file:https://doi.org/10.1176/ajp.148.10.1301
file:https://doi.org/10.1176/ajp.148.10.1301
file:https://doi.org/10.1176/ajp.148.10.1301
file:https://doi.org/10.3390/biom10060947
file:https://doi.org/10.3390/biom10060947
file:https://doi.org/10.1016/S0893-133X%2898%2900067-0
file:https://doi.org/10.1016/S0893-133X%2898%2900067-0
file:https://doi.org/10.1016/S0893-133X%2898%2900067-0
file:https://doi.org/10.1016/S0893-133X%2898%2900067-0
file:https://doi.org/10.1016/S0893-133X%2898%2900067-0
file:https://www.nature.com/articles/s41386-023-01614-3
file:https://www.nature.com/articles/s41386-023-01614-3
file:https://www.nature.com/articles/s41386-023-01614-3
file:https://www.nature.com/articles/s41386-023-01614-3
file:https://content.iospress.com/articles/journal-of-alzheimers-disease/jad170424
file:https://content.iospress.com/articles/journal-of-alzheimers-disease/jad170424
file:https://content.iospress.com/articles/journal-of-alzheimers-disease/jad170424
file:https://content.iospress.com/articles/journal-of-alzheimers-disease/jad170424
file:https://jamanetwork.com/journals/jamapsychiatry/article-abstract/2796973
file:https://jamanetwork.com/journals/jamapsychiatry/article-abstract/2796973
file:https://jamanetwork.com/journals/jamapsychiatry/article-abstract/2796973
file:https://jamanetwork.com/journals/jamapsychiatry/article-abstract/2796973
file:https://jamanetwork.com/journals/jamapsychiatry/article-abstract/2796973
file:https://doi.org/10.1016/j.pnpbp.2019.02.001
file:https://doi.org/10.1016/j.pnpbp.2019.02.001

receptors: a target for cognitive enhancement in psychiatric Allosteric modulators of NR2B-containing NMDA receptors:

disorders. Progress in Neuro-Psychopharmacology and Bio- molecular mechanisms and therapeutic potential. British jour-
logical Psychiatry, 92, 387-404. nal of pharmacology, 157(8), 1301-1317.
21. Javitt, D. C. (2004). Glutamate as a therapeutic target in psy- 23. Hu, W. W., & Chen, Z. (2012). Role of histamine and its re-
chiatric disorders. Molecular psychiatry, 9(11), 984-997. ceptors in cerebral ischemia. ACS chemical neuroscience,
22. Mony, L., Kew, J. N., Gunthorpe, M. J., & Paoletti, P. (2009). 3(4), 238-247.

Graphical Abstract

A B L&

(CH,); —NH, ”N,,I| ) ] J ) N,,,_JI N J'{"k‘\l
H Niﬁ

2

=

FUBL7 FUB, 293 ST-579

A Chemical structure of FUBN7; full agonist, EC 50 2,1uM , B Chemical structure of FUBn293; partial agonist intrinsec activity 39 %, EC 50
2,8 nM, .C, Chemical structure of ST-579; full atagonistIC 20 38 nM

In this article, I will relate more than 20 years of research on a series of molecules that would have been forgotten without this short
article summarizing the activity structure of this one. This work was done by many researchers and I will list them here in the hope that
I will not forget one, here they are:

V. Armand, J.-M. Arrang, C. Bayard, A. Burban, R. Faucard, C. R. Ganellin, S. Gramann, P. P. Griffin, H. Kubas, I. Nuss, U. Reichert,
W. Schunack, J.-C. Schwartz and H. Stark.

During this period, several science theses were written:
For the pharmacological results

in 1999 Cécile Bayard in Paris,
Caractérisation du site de liaison de I'histamine du recepteur NMDA.

in 2004 Raphaél Faucard in Paris,

Caractérisation pharmacologique et fonctionnelle du site histamine, modulateur du récepteur NMDA.
in 2009 Aude Burban in Paris,

Modulation du récepteur NMDA du glutamate par I'histamine : intérét dans la schizophrénie.

For the compounds formula and method for preparing

in 2000 Sven Grafimann in Berlin,
Synthese und Pharmakologie von Liganden der Histaminbindungsstelle des N-Methyl-D-aspartat-Rezeptors
in 2000 Ulrich Reichert in Berlin,

Heterocyclische Alkanamine als Modulatoren der Histamin-Bindungsstelle des NMDA-Rezeptors : Synthese, Analytik und
Struktur-Wirkungsbeziehungen.

in 2004 Isabelle Nuss in Berlin,

Heterobicyclische Alkanamine als Liganden einer modulatorischen Bindungsstelle des N-Methyl-D-aspartat-Rezeptors : Syn-
these, Analytik und Struktur-Wirkungsbeziehungen .
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Neue Liganden einer modulatorischen Bindungsstelle an NMDA-Rezeptoren : Synthese, Analytik und Struktur-Wirkungsbezie-
hungen .

in 2007 Holger Kubas in Frankfurt am Main,
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Synthese und Pharmakologie von neuen potenten Liganden der Histamin-Bindungsstelle des NMDA-Rezeptors. Deutsche Phar-
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